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DRS President’s Foreword

Rachel COOPER
doi: https://doi.org/10.21606/drs.2020.128

The Design Research Society is a unique organisation comprised of people dedicated to the
value of design and design research and its value to our people and our planet. Without a
dedicated group of volunteers, we would not exist; people who offer their services to the
management of the organisation, people who host conferences and people who submit
papers and their combined intelligence to further knowledge of design and its contribution
to the world. This year the fragile nature of the planet, of human relationships and the

basis of our economy and society has been illuminated (fires, floods and a virus). We have
seen the effect of radical changes in patterns of behaviour; both positive influences on the
environment and negative influences on health and wellbeing and livelihoods. There are
many design challenges and design researchers have come to the fore. This conference is a
triumph of that creativity and fortitude, embracing the virtual world and bringing together
all those people who so want to exchange ideas. Many of the papers are pre-Covid, and
whilst we should not forget the conversations and research directions before this pandemic,
it will, of course, shape our future and our conversations. People make the DRS and whether
online or in person the conversations will continue. Let us together build a wider, deeper and
stronger global design research community.

As a foot note | would like to say that 2020 marks a turning point for DRS in so many ways,
we have a new structure of the organisation, that is a new International Advisory Council and
executive who are eager to continue to move forward. We have a new virtual conference
and | would like to thank the conference team for such a triumph in changing format and
delivery mode, and also to you the members and delegates who are embracing this with
your attendance. Enjoy the conference and the future DRS.

Rachel Cooper
DRS President 2020

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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Stella BOESS, Ming CHEUNG and Rebecca CAIN
doi: https://doi.org/10.21606/drs.2020.100

Never before has a Design Research Society Conference happened in such uncertain and
changing times. When we embarked on planning the DRS2020 Conference in Brisbane,
Australia, we were in a different time, when unrestricted travel and meeting-up face-to-face
at academic conferences was the norm. Then the COVID-19 global pandemic happened,
which prompted us to rethink and reimagine DRS2020 in a new format.

In recent times, the debate around the sustainability of physical conferences has been
starting to surface. This was an issue the DRS was starting to grapple with, but the
practicalities of a blended or entirely virtual conference were still uncharted territory. Even
before the pandemic was born, the devastating Australian bushfires were causing people

to consider whether it would be safe to travel to Australia. Ultimately, the pandemic made

a physical conference impossible, and the conference host Griffith University made a joint
decision with DRS to convene DRS2020 as a virtual conference. DRS2020 marks an important
turning point in the history of DRS conferences, being the first conference to go entirely
virtual. We are very grateful to Griffith University for embracing this challenge, and for their
leadership and management of the virtual conference in such complex and difficult times.

DRS conferences are international biennial events, held to further and promote design
research. They are inclusive conferences, bringing together a wide range of disciplines

and communities related to design research, with the aim of fostering new debates on

the important issues of the time. Historically, DRS conferences have always taken place
through gatherings of delegates in physical venues at a host organisation, with face-to-
face presentations and discussions, accompanied by written conference proceedings. New
collaborative formats have been added over time — for example, Conversations which were
introduced in 2014. DRS2020 took on the challenge of transforming these formats into

a virtual experience. Also worth mentioning, the DRS2020 Postgraduate Research Day is
pioneering in that it is inclusive of both PhD and MPhil students and of their theory-driven
and/or practice-led research projects. In this sense, DRS2020 becomes a prototype for a new
type of virtual and inclusive conference experience and continues to build on the legacy of
innovation from the previous conferences.

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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Editorial

The 144 papers in these proceedings were conceived of and written in our pre-COVID

world. Just three authors were able to make late additions to their papers addressing the
current situation (165, 398 and 402). These proceedings therefore provide an interesting
juxtaposition, whereby what is written represents design research in the world as we knew
it, whereas the discussion that these papers will promote during and beyond the conference
will almost certainly be viewed through the lens of the complexities and challenges we now
face. The discussions and reflections in the proceedings are a timely barometer for what the
international design research community is thinking about and working on, and they will
surely prove inspiring and thought-provoking for design researchers worldwide. We hope
that you enjoy reading them as much as we have enjoyed curating them.

Themes

The overall theme for DRS2020 is Synergy — the coming together of people and disciplines

in design research to create a positive impact. On the one hand, design research champions
the uniqueness of disciplinary knowledge and creativity, yet on the other hand, the complex
world we now live in demands a more synergistic approach to creativity and problem-
solving whereby different mindsets, backgrounds and perspectives come together to

realise transformative visions of the future. DRS2020 celebrates these emerging synergistic
approaches to design research and seeks to explore their exciting possibilities for addressing
multi-faceted problems, supporting participation, and transforming problematic situations
into desirable ones.

For DRS2020, we used an emergent approach to the development of the conference
programme, with a general call for papers around five themes — Situations, Impacts, Co-
Creation, Education and Processes. These themes emerged in discussions between the
Organising and Programme Committees at an early stage of the conference planning and
were felt to capture a broad spectrum of current design research topics from which we
would be able to build more focused themed sections. Continuing the collaborative approach
to theme building, we asked the international reviewers to indicate to which of these themes
(or others) each paper contributed. Following the acceptance of papers, the reviewers’
indications helped us to cluster the papers into the rich programme we have here, with the
main conference theme of Synergy being an interwoven thread throughout.

Impacts and Co-creation are the biggest theme categories, reflecting the design research
community’s commitment to applied research. Situations are an emerging theme reflecting
the community’s increasing awareness of diverse circumstances and contexts. With Australia
as the host country for DRS2020, it is worth noting that 12 out of the 144 papers mention
Indigenous communities (108, 135, 165, 166, 177, 187, 198, 228, 277, 278, 387, 402). 32%
of the accepted papers are from Oceania, 18% from Asia and 33% from Europe, compared
with 5% each from Oceania and Asia and 64% from Europe at DRS2018. Themes such

as pluriversal design and diversity, design for global health and wellbeing, collaboration,
sustainability and education continue to attract new directions in research and illustrate the
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potential of design research to change the world for the better. The theoretical foundation
of research into (design) Processes continues to be an enduring theme, the development

of which can be traced back through all previous DRS conferences. Some sections were
additionally clustered by domain, such as graphics, mobility, experience design or data. A
point to note is that the paper clustering differs somewhat between conference programme
and these proceedings, as the former also needed optimising by time zones to allow
presenters from around the world to interact in their session discussion.

A further way we grouped the papers was around existing themes of interest within the
DRS: those of the DRS special interest groups (SIGs). These open and dynamic groups of DRS
members form around current and emergent issues in design research, and they welcome
participation. The DRS SIGs are one of the main ways that the DRS drives forward debates
and keeps a pulse on ongoing topics as well as emergent topics of the day. The DRS currently
supports eleven SIGs, all of whom have contributed to these proceedings by selecting and
grouping just over a third (55) of the submitted papers into SIG themed sections. Some of
these sections are chaired as sessions by SIG members at the conference. This way, the SIGs
hope to give authors the opportunity to get to know the SIGs and their members and to

get involved. The eleven SIGs are Health, Wellbeing and Happiness, Global Health, Design
Pedagogy, Pluriversal Design, Design for Behaviour Change, Experiential Knowledge, Human-
Object Interactions, Inclusive Design, Sustainability, Networked and Embedded Technologies
and Design Innovation Management. While the SIGs selected their set of papers because
the papers speak to current and future themes of the existing DRS SIGs, many more of

the accepted papers also relate to the SIG themes and all authors are welcome to engage
with a SIG. DRS members are also free to propose new SIGs. One of the aspirations of the
DRS conferences is to catalyse the creation of new SIGs, through the collective community
building and knowledge sharing which takes place.

Review

Despite moving to a virtual conference format, what stays a predictable constant is the
academic quality of the work presented at DRS conferences. Our standards remain high,
through the excellent work of the authors, our Programme Committee and the community
of reviewers. The Programme Committee is appointed by the DRS and chaired by a member
of the DRS International Advisory Council. We are privileged to have many eminent scholars
in the design research community within our reviewer pool, but also early career academics
who are supported in writing peer reviews, a core part of their academic development,

and who form our reviewer pipeline for future conferences. We endeavoured to match
reviewers’ expertise with papers through topic selection and automation, with some manual
adjustments. The reviewers provided feedback to authors on how to improve their papers.

In total we received 280 full paper submissions in a one-stage submission procedure, of
which 269 were viable to go to review. In total the 192 reviewers wrote 553 reviews, using
reviewer guidelines. The reviews averaged 350 words. Each paper received two, sometimes
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three reviews. 87 papers (32%) were accepted with minor revision and a further 57 (20%)
accepted following (major) revision. This represents a 52% acceptance rate. As in previous
conferences, we used the ConfTool system to manage the submission process. The ability of
authors to rate and comment on their reviewers as in previous years, helps to drive up the
quality of the review process. The authors rated 237 (43%) of the reviews with an average of
4.4 on a scale of 1-5 on the criteria justified, constructive, encouraging, fair and convincing.

Words of thanks

DRS2020 would not have been possible without the contributions of many excellent people
who have devoted their insight and experience to the conference. We would sincerely
like to thank the Local Organising Team at Griffith University for their remarkable work

in transforming the conference into a virtual experience, and the extra time, effort and
resources that this has involved. In particular, undertaking this transformation 4.5 months
before the conference launch has entailed a significant level of creativity, courage and
perseverance. We also thank the DRS for their expertise and guidance in the programme
and review aspects of the conference. The authors, the Programme Committee and all
the reviewers all deserve thanks for their valuable time and expertise in ensuring the high
academic quality of this conference, as well as the SIG convenors for their role in curating
themed tracks. Finally, we thank Griffith University and the Design Research Society for
supporting the conference.

We hope that you enjoy these proceedings, and that they provide a thought-provoking and
inspiring read.

Stella Boess, DRS2020 Programme Chair
Ming Cheung, DRS2020 Conference Chair
Rebecca Cain, DRS2020 Conference Co-Chair
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he theme of Design Education always attracts a great number of submissions at DRS
conferences, and this year is no different. The call for papers asked for contributions which
explored how design education is changing and needs to change, and how working designers
and design researchers update their skills to meet the challenges of the present and the
future.

When submitting papers, authors were able to pick appropriate keywords for their papers
which allowed the emergence of seven sub-themes within the Education theme — Design
Thinking, Design Techniques, Design Inspiration, Researching the Material, Ethics and Health,
Community and Communication, and Transdisciplinarity. This is in addition to the DRS SIG
PedSIG which also has a themed Education session within the proceedings in which they
highlight a number of papers that speak particularly to current themes in Design Education.
However, all of the papers in the education theme are relevant to PedSIG. The papers in this
Education theme are wide-ranging in scope and address education in its broadest sense.
There are both examples of design research within educational settings and also in applied
settings where education is implied more through the developing and changing practices of
those in the real-world.

The first Education sub-theme is Design Thinking, with papers which describe design thinking
both within educational settings and within an applied public health context. Paper 334
describes an approach to design strategy as innovation for social impact and a pedagogical
approach/curriculum for teaching design strategy is discussed as a core design research
activity. Paper 166 traces how a Design Thinking approach can be introduced in public health
services. It does so through the introduction of a workshop in which stakeholders were
guided in using it to develop public health strategies in Taiwan, using adolescent tobacco
prevention as a case for research. Paper 294 acknowledges the need to improve the narrative
design of educational interventions such as digital simulations and scenario-based learning
programmes to aid experiential learning. The reported study turns to the expertise of
narrative designers for games, where storytelling for interactive narrative has a long history
of testing, iterating and perfecting.

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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There are three papers clustered into the sub-theme of Design Techniques, describing
research into different types of design technique. Paper 280 starts with investigating and
discussing the changes in designers’ conception throughout product innovation projects. The
analysis revealed specific conditions that facilitate novel conceptual changes necessary to
create an innovative product design concept. The next two papers both describe two specific
techniques and the development needed for the future: Paper 109 critically examines
brainstorming and the how to develop it to answer the need for it for collective creativity

in the future, while Paper 256 does not report on pedagogy so much as it develops building
blocks for it: new Design Heuristics as a tool to help boost designers’ creativity in the early
design process.

The Design Inspiration sub-theme specifically draws together papers using design research
within student settings, thus inspiring the educational experience. Paper 203 reports on
the development of a modular prototyping system for the design of space vehicle interiors,
deploying it in a student class studio setting where designers utilised these elements
throughout a team project. Paper 284 shares learnings from three case-studies across
undergraduate, postgraduate, and design research projects, exploring the possibilities and
limitations of VR tools for future industrial design practitioners. These projects detail the
possibilities for VR in industrial design and illuminate some of the challenges in teaching
these emerging technologies and tools to design students. Finally, Paper 298 explores the
benefit of incorporating both distant and near sources of inspiration in concept generation
in a design studio context. An idea-generation process implemented in a third-year industrial
design studio for three years is discussed.

The Researching the Material sub-theme draws together papers which focus on research
practices. Paper 229 present an interdisciplinary undergraduate course in which students
interacted with clay and wool. By engaging novices in material-based craft processes, they
examined renewed ways of experiencing the materials to reconsider everyday material
interactions and dependency and responsibilities in regard to materials in general.

Paper 335 asks whether too much passion can be detrimental in the design studio, using
autoethnographic accounts as design educators in a university recently established in the
Middle Eastern and North African (MENA) region. Paper 337 investigates the use of five
postphenomenological concepts by bringing them to design practice and using them as a
“generative lens” in design research. The reflections point to a responsibility of the designer
to incorporate ways of being, ways of knowing and values on top of specific uses and utility.

The Ethics and Health sub-theme describes two studies in which students work on ethics
and health design problems, and another paper which looks at decision making. Paper

107 identifies how triads of student designers from user experience (UX) and industrial
engineering (IE) disciplines frame the problem space and generate solutions, foregrounding
the ethical character of their judgments in response to an ethically-nuanced design task.
Paper 110 tackles the support of contraception decision-making and examines the relevant
goals of the immediate actors: personal goals of the patient and physician as well as the goals
of the public health system. Paper 376 addresses the multifaceted problem of psychotherapy,
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exploring what design can do for psychotherapy in a digital age. Student cohorts worked on
this question in design classes.

The Community and Communication sub-theme draws together three papers which
provide case studies of real-world educational initiatives in Australia and China. Paper 276
presents LiveSpace, a transdisciplinary work-integrated learning (WIL) design studio unit
at Griffith University and highlights two highly successful community projects. Paper 291
presents Tongji-Huangpu School of Design and Innovation, a newly reformed educational
institution in China. The case study gives an overview of the school, outlines the practice
of since its establishment and elaborates the tensions during transition phases. Synergy,
the concept of the whole being greater than the sum of its parts, is identified as the goal of
reducing tensions. Finally, Paper 317 details the development of a new design curriculum
at Queensland University of Technology, which prompted a study to revisit the nature and
purpose of portfolios.

The final sub-theme before the Education special interest group highlights is
Transdisciplinarity. These papers demonstrate transdisciplinary approaches for students

and academics working with external partners, stakeholders and communities and

represent a growing area of importance for design research. Paper 143 discusses how visual
communication design education could be improved by incorporating transdisciplinary
learning within the design curriculum and providing lifelong training to professional
designers and design educators. The conclusion is that design education needs to be adapted
to allow future designers to solve the gradually complex design problems and work in non-
design industries. Paper 243 describes the work of the Department of Design (Brunel Design)
at Brunel University London, which provides design innovation support programmes to
businesses by involving its students and academic and professional staff. This paper presents
a literature review on design innovation and its benefits in collaborations between academia
and industry. Finally, Paper 344 acknowledges that society is dealing with challenges which
are complex, dynamic and networked and posits that Transdisciplinarity is one of the
responses to this. Transdisciplinarity, however, is seen as disruptive to existing university
structures, and there is a need to examine the challenges to inform future directions. The
paper presents an exploratory study into the existing challenges towards implementing
transdisciplinary education through action research in a graduate degree program.

Overall, the papers within the Education theme demonstrate a body of design research
which tackles education as a broad concept, both within educational settings, and also more
widely within practice. There are examples of inspiring innovation within design education,
with a variety of case studies and real-world examples within an international context. Many
of the papers point to the need for further research, and in this sense, these papers provide
inspiring directions for future design research. The area of Transdisciplinarity in particular is
an evolving area of importance due to the complexity and networked nature of the problems
that design can tackle. But how this translates into design education is currently less clear,
given the static and traditional structures of many academic institutions. This calls for a

new type of synergy within design education, as students develop new mindsets to think in
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transdisciplinary ways and become the agents of complex change.

The Education special interest group highlights will point to two issues of interest in this
regard: the development of the individual learner, and the relationship between student and
teacher.
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Abstract: Design and strategy are inherently oriented toward change and innovation.
Innovation is about invention and implementation, but dependent on design, strategic
design requires management. This paper describes an approach to design strategy as
innovation for social impact. A pedagogical approach/curriculum for teaching design
strategy is discussed as a core design research activity. Future-focused yet human-
centered methods are emphasized as the framework for structuring the projects to
yield outcomes towards some of the most pressing global issues we face today.

Keywords: design strategy; design pedagogy; interdisciplinarity; social innovation

1. Introduction

Strategy is defined as either “a careful plan of action” or “the art of devising or employing
plans toward a goal” (Merriam-Webster, 2019). The purpose of strategy in an organization

is to direct action toward a desired outcome. In order to develop a shared and visceral
understanding of the outcome, there needs to be a visual demonstration of this strategy.
Employing design and design thinking mechanisms is ideal for this purpose. (Brown, 2005).
Design and strategy are inherently oriented toward change and innovation. Innovation is
about invention and implementation, and while innovation is dependent on design, strategic
design requires management. It is about putting together a plan to achieve an objective,
and is a goal-oriented planning process that examines the relationships between people,
contexts, cultures, organizations.

The purpose of this paper is to describe a curriculum for teaching design strategy as a core
synergistic design research activity. This course provides an introduction to Design as a
combination of strategic problem-setting and problem-solving activities within a service/
social system levels approach for a multidisciplinary audience. Students explore methods of
design thinking that apply to all design disciplines to identify and analyze key problems with
the aim of conceptualizing innovative design opportunities. More specifically, this paper

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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advances an approach towards a framework for teaching design strategy through three main
focus areas: Trend as Strategy, Empathy as Strategy, and Vision as Strategy.

First, Trend Forecasting is defined as a strategic research practice that detects patterns or
shifts in attitudes, mindsets or lifestyle options that run against current thinking or how
people normally behave, live, dress, communicate or trade (Raymond, 2010). Designers

use short-term trend forecasting to inform color, material, finish, function, and purpose
decisions, as well as macro-trends to connect future shifts with design strategy through
forecasting approaches like scenario planning (Evans, 2004). Trend forecasting articulates
these shifts to reflect what is yet to become “status quo”, yet it is also used to ensure
resources (time, money, and materials) are utilized wisely. Having a steady flow of external
provocation on what is possible encourages experimentation and exploration of new ideas.
Ultimately, trend forecasting adds value by 1) providing clarity, 2) provoking meaningful
newness, and 3) increasing self-awareness. For over 25 years, design faculty at the University
of Cincinnati have emphasized and honed trend forecasting as an integrated design research
methodology. For designers to learn and actively practice it in their work is a strategic
advantage, thus we believe it is an essential competency that our design students should
acquire. In learning this method, students become more aware of what is happening

around them, and think more critically about change, and how to find patterns and identify
meaningful connections. This in turn, prompts them to be more self-reflective thus aware

of their own values, beliefs and behaviors, and to consider these attributes in a broader
societal context. Therefore this methodology was used in the first part of the course to teach
students about how to set objectives of a strategic design project.

Second, empathy places the “people” at the center of the process and is generally defined as
“the action of understanding, being aware of, being sensitive to, and vicariously experiencing
the feelings, thoughts, and experience of another” (Merriam-Webster, 2019). The second
project focused on teaching students about how to identify opportunities for innovation
within an organization. It focused on determining how to innovate contextually through user-
centered mapping methods. In an era where technology is outpacing human capability in
many ways, humanistic and empathic mindsets and approaches are valued in design thinking
and practice more than ever. Therefore, designers need to develop crossover soft skills to
conduct user research, analytical skills to interpret data, technical skills to translate it and
strategy to anticipate the system in which the innovation thrives.

Lastly, design teams creating empathic design concepts must consider the non-tangible,
business-oriented aspects of their work. It can be inferred that design strategists’ real
contribution lies in the actual business implementation, in addition to concept realization.
This part of the course focused on teaching students about identifying success measures
for a design project through critical assessment methods. It referenced the United Nations
Sustainable Development Goals as a foundation for which students would frame their final
projects (United Nations, 2015).
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2. Background

2.1 A Brief History

In the past, design and business have operated in silos, with design taking on the role of a
service to business and marketing. However, the success of a business or brand is reliant on
its design practices. In order to be able to quantify this contribution, the role of design has
expanded to encompass that of the innovator, facilitator and mediator, advocating the value
of design in the organization and in the broader external context — ‘as a creative, problem-
solving response to change’, and as a way to enable interdisciplinary action and a shift in
organizational behaviors (Best, 2011). This shift from silos to synergistic interaction of design
practices and business led to a systems-approach to problem solving — Design Strategy.

The face of design strategy in organizations has changed from annual top-down planning to
heavy focus on big data, shorter innovation cycles and using techniques such as competency
modeling and real-options analysis (Camillus, 2008). However even this revised process of
developing strategies is insufficient in adapting to the complex environment of contemporary
problems. There is a need for real-time primary insights, engaging multiple stakeholders,
hybridity in skills and methods like rapid prototyping for agile innovation (Brown, 2005).
Design Strategy applies the principles of traditional design to complex challenges like

health care, education, and climate change. It redefines how problems are approached,
identifies opportunities for action, and helps deliver well-rounded and resilient solutions
(Helsinki Design Lab, 2017). When translated to products, design strategy focuses on what a
company should invest in doing, and why it is important. As demonstrated in Figure 1, it is an
intersection of user needs, business goals and technological viability (Brown, IDEO).

VIABILITY
(BUSINESS)

DESIRABILITY
(HUMAN)

INNOVATION

FEASIBILITY
(TECHNICAL)

Figure 1 The intersection where design thinking lives, IDEQ.

Now more than ever, designers are increasingly identifying as problem-oriented as
compared to traditional solution-oriented design practitioners. These two approaches can
be exemplified as noun vs. verb, where a traditional designer would design ‘a chair’, a design
strategist would fulfil the need ‘to sit’ (Bengtsson, 2013). In order to solve complex problems
of the modern world, designers need to immerse into unfamiliar situations and collaborate
with non-designers, recognize emerging patterns, draw on their skillset and the expertise of
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others (Muratovski, 2016). The emerging profile of a design strategist is moving designers
away from their individualistic notions of creativity, from “isolated genius” theories of
innovation, towards an understanding of creativity as a social process. It is a holistic approach
to innovation in organizations — of communities — rather than individuals. (Lester, Piore, &
Malek, 1998).

2.2 Design Strategy, Businesses and Brands

The long-term success of organizations is heavily reliant on the consistency of their brand
strategy and how it is reflected in each product while being mindful of emerging trends.
Each product is a reflection of the company’s decision-making and socio-political stance. The
launch of the Aeron chair in 1994 by Herman Miller was a pivotal shift in strategy not only
for the producer but for manufacturers across the seating industry. The company chose to
produce a chair based on ergonomic comfort instead of one based on a traditional office
hierarchy. This decision is a clear statement that Herman Miller supports—literally and
figuratively—the concept of lateral management and comfort over rank. A breathable mesh
seat with an ergonomic frame, the Aeron came not in secretary, manager, and executive
styles, but rather in small hips, medium hips, and large hips sizes. The Aeron represented flat
management and the IPO boom of the 1990s.

Brand strategies represent what the brand stands for and imply a close relationship with
the target audience, creating functional and emotional ties. This positioning is a result of
strategic understanding of the target audience to create relatability with the user’s and
brand’s values (Cagan & Vogel, 2012).

John Camillus, an educator of Strategic Management, calls problems of the complex world as
‘Wicked Problems’. He illustrates this idea with the problems faced by Walmart, in that they
are unable to satisfy its multiple stakeholders with different values and priorities. The new
consumer seeks social accountability towards the environment and values ethical and local
production, which in their case, would warrant the adoption of new strategies, each leading
to new challenges. Wicked problems like these tend to be unprecedented and do not have
proven ‘right answers’ (Camillus, 2008).

2.3 Design Research in service to Strategy

In order to begin dissolving complex issues, design research with its hybrid methodologies
and agile processes can benefit organizations. In the case of Walmart, they can understand
their stakeholders’ values better by involving them early-on in the strategy and planning
process (Camillus, 2008). If multiple stakeholders brainstorm and develop future scenarios,
there will be synergistic understanding of the unique values across the organization and how
it relates to the large company vision. This also benefits the organization by introducing an
early buy-in opportunity by multiple stakeholders (Simonarson, 2017).

There are different levels of design strategy: strategies to decide what to execute/design
(products-oriented), strategies in the system (systems-oriented) and strategies to execute
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the design (organizations-oriented). To transition from a designer of ‘things’ to a strategist
of ‘systems’, designers must develop core design research skills. These skills exceed
incorporating research within the design process. To perform design research, designers
need to have the tools to conduct ‘observations’ of complex human activities, then they

will need to be able to ‘describe’ their observations, ‘explain’ what has been observed and
described, and finally ‘prescribe’ possible solutions that could improve these activities (Dorst,
2008). It was important for the faculty to introduce and integrate a broad array of tools and
methods of design research to equip the students with the skills described by Kees Dorst’s
‘Shaping a Design Revolution’ as essential for designing strategies. Students would then
have a broader toolkit to apply when developing a more comprehensive approach to solving
complex problems of today.

Another principle of design research — Agility — is highly valuable in strategic decision-making.
When dealing with complex problemes, it is difficult to analyze all concepts before deploying
them in action. Strategies can no longer be standardized and hence require abandoning the
idea of arriving at a perfect solution before implementing it (Camillus, 2008).

The new norm requires organizations to construct and learn. Focusing on action,
organizations need to build a minimum viable product, which in turn collects real-time
data for them. This data will provide insights that will build up to refining and designing
the strategy (Greenfield, 2014). Doing so enables them to analyze their options quickly and
through specific insights from the stakeholders.

3. Methodology: Course Framework and Pedagogical Activities

Responding to the needs of advancing a methodology for design strategy for innovation,

a pedagogical curriculum to teach design strategy is discussed as a core design research
activity. The following paragraphs describe a course providing an introduction to Design as
strategic problem-setting and problem-solving activities within a service/social system levels
approach. The learning objectives of this course were:

e Understand research contexts

e Frame problems and define opportunities

e Analyse all relevant factors: social, technical, environmental, economic, political
e Model design thinking methods

e Synthesize research findings into conceptual strategies

The course was divided into three projects, all attempting to frame the WHY / HOW / WHAT
of design strategy.

3.1 Project 1: Trend as Strategy (WHY)

The first five-week project focused on “Trends as Strategy”. This part of the class aimed to
teach students how to set the objectives of a strategic design project. The Trend Forecasting
methodology provided an introduction for how to conduct well-rounded secondary research,
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as many students came from traditional design backgrounds that emphasized more of
making as compared to researching. The goals of the project were to:

¢ Introduce students to best practices in trend analysis and forecasting when
researching, collecting, analysing and synthesizing trend inputs

e Develop students’ critical thinking skills by contextualizing their research through
analysis of sociological, technical, economic, environmental and political factors
(STEEP factors)

¢ Introduce methods and techniques for interrogating the trend topics to identify
potential future implications

First, students wrote down categories of their interest, mapped on the wall and synthesized
to form clusters. These topics were the starting point for the students to conduct their trend
analysis. Students then worked in their groups (approximately 3-4 students per group) to
develop a compelling, credible bibliography of sources as a foundation for their research.

Through several rounds of analysis and synthesis, students worked within their groups

to identify common patterns across their evidence, or ‘manifestations’ (as referred to in
trend vocabulary). They laddered up from these commonalities to establish themes, which
represent near-term (2-5 years) trend shifts (Figure 2). Each member of the group took
ownership of refining and articulating one of the trends. Faculty provided feedback on their
synthesis in a critique session, and then facilitated class discussion to map larger macro
themes from their initial round of analysis.

—

' TTS00A

~ NDS
"MDes oS00

SYNTHES(S ‘MIN__ T”T_’/"

™ Digital transformation of music Bringing analog back ik Digital art & real-time response Interactive apparel

Figure 2 ‘Bucketing’ process of emergent manifestations during the trend analysis
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At the end, each group designed a handbook encompassing the group’s near-term trends
(Figure 3).

MACRO TREND/

SENSES OF
BELONGING.

Figure 3 Final trend book developed by a group of MDes students

3.2 Project 2: Empathy as Strategy (HOW)

The next five-week project focused on “Empathy as Strategy”. Students were introduced to
user-centered mapping methods. Students utilized these methods to identify and propose
strategies for systemic changes in a local organization of their choice.

The goals of this project were:

e Develop skills about strategic/system changes within an organization.

e Learn tools and methods for mapping systems including but not limited to offering
maps, systems maps, customer journey maps, actors maps, touchpoint matrices,
use cases, and blueprints.

¢ Develop visual and/or semi-functional prototypes

e This part of the course focused on teaching students about identifying
opportunities for innovation within an organisation. To propose an intervention
in a brand strategy, it is key for the designer to be able to empathize with the
brand’s vision, mission and culture. In this course project, students individually
selected one local organization of their interest. They practiced primary qualitative
research methods such as semi-structured interviewing, short ethnographies, etc.
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combined with secondary research through the company website, other sources
in news and media, to develop a holistic understanding of the organisation culture
and dynamics.

For the research conducted to be translated into visuals, the students were introduced to
several data visualisation tools. They captured the timeline of the organisation as a visual
narrative. This brought insight into the journey of the organisation and how each milestone
re-shaped their vision and mission. Each organisation was also plotted on a brand archetype
wheel, which identified its basic characteristic or perceived brand point-of-view (Fiorelli,
2015). A student working with a local community of apparel designers and entrepreneurs
where they learn how to build a brand; her organisation fell in the category of Caregiver - as
it provides a collective learning experience (Figure 4).

Prowide

. Structure

Figure 4 Brand archetype wheel of a local community apparel organization

Students also plotted the services provided or core competencies on a Strategy Wheel

as demonstrated in Figure 5. The strategy wheel provides a picture of how a company
differentiates itself from its competition (Montgomery, 2012). They determined the
organizational characteristics that they want to evaluate by assessing the competencies of
their selected organization and competitors. These characteristics were crucial to the success
of the wheel as it represents ideal measures.
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Figure 5 Strategy wheel of an academic service organization

Then they proceeded to determine a value for each of the characteristics to visualize the
strategy wheel. Another essential tool for empathising with the organisation was Persona
Mapping, as demonstrated in Figure 6. Personas are archetypal representations of users
describing their behaviours, values and needs. A persona is based on a fictional character
whose profile gathers up the features of an existing social group that represents the
organization (Open Design Kit, 2019).

& G Eco frondly garments e .
: " POWERS
] and Eco Friendly
? 3 . . \
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1 Yoz = o0 Parsonal upbanging
- Reodetno Normaity ~ar”
- Transcend Modern Labels __ -~ - Creute Own Stones and Universes
'I Fashon - For Wiomen to Live' in

THE FOUNDER OF GRIND AND GLAZE —et
235 N GRAPHIC COMMUNICATION DESIGN FROM DAAP

Evorythng Made in Cincnnati
Non-Synthatc Mateval

Figure 6 Persona of one of the designers at a local community apparel organization
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Other tools mapped the journey of stakeholders, the brand, actors, offerings of the
organisation and customer journey (Service Design Tools, 2019). These graphs were used to
represent the system of actors with their mutual relations, providing a systemic view of the
service and its context. A key mapping tool was the Empathy Map (Figure 7), frameworks
that help develop deep, shared understanding and empathy for other stakeholders. The
results were insights as considerations to affect the design process, e.g. improving customer
experiences (Gray, 2018).

SEW VALLEY SIKE RONG 0TH OCT

Empathy Map Canvas

WHO are we empathizing with? GOAL What do they need to DO?

- Aubrey;
= The project manager and sewer; - In start-up ke Sew Valley, the <" The SewValley make tastion
= Muitple roles: Scatter to differont progoct challenges but opportunibes are able Production ne into roably 0

and Gperation OGS OF EXEOUON tasks:; 10 engage wath vanous proots and . Cinonnat;

involved in differont rols, 5 - They croate the non- protts

= She want to grow up as fast as organization 10 provide local

gossible bewg wih 1hose projects 1050Uro0s bt the mession
¢ stakoholdors, convorsely proving that the most
dhfficulty &5 o tnd native-tashion
rolated supplers, contractors and
other resources:

What do they THINK and FEEL?

GAINS

PAINS

== - She regards the sustamable design
What do they SEE? and production play pvotal role in
her job and also in SewValey,

What do they HEAR?

What do they SAY?

- The things Sew Valley tryng to
provide, are exactly the most
difficulves.

- The chaflenges and opportunibes
both exist of working in a developing
start-up bke Sew Valley,

swenultaneously,

- Gincineats based lashion-line re
mated;

= Evon | no nothing about fashion, someons

Also intarested in joining SewValley

To get more
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e et B e P What do they DO?
review each projects due on the whiteboard, cheok and
roport 1o the droctor, And she do physical sewing for
prodhuction service;
- She plays multiple roles in the team,
The communication on the whiteboard is hard o track

Figure 7 Empathy Map of a local community apparel organization

The findings from the research activities were combined in a displayed exhibition that
captured the entire process (Figure 8 & 9). The insights from the research informed the
interventions proposed by the students. Intervention opportunities ranged from revising

the brand identity to a structural shift in the organisation hierarchy. Students were able to
illustrate the opportunities for improvement in the organization and also created a shared
vocabulary to present this holistic understanding to their peers and faculties. Selectively
utilizing all of the diagrams developed in the previous phase, each student built a narrative of
the organisation based on what was essential to understand the intervention.
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Figure 8, 9 Student work displayed as a final exhibition

3.3 Vision as Strategy (WHAT)

The final five weeks focused on learning critical assessment methods for developing design
strategies. This part of the course focused on teaching students about identifying success
measures for a design project.

After having practiced design thinking and research tools in the previous two course projects,
the students were re-oriented through the UN Sustainable Development Goals to apply these
skills to social innovation design. In groups, students picked topics of interest and utilized the
UN goals as the framework for strategizing a brand concept. The brands conceptualized and
visualized by the students ranged from products to services, addressing global challenges
across water, sanitation, hygiene, energy and sustainability. The students identified a
challenge and elaborated on its impact through facts and figures for a particular population.
For example, a group focused on early child teaching material for water conservation in

an average American household through a behavior change strategy. Utilizing the COM-B
model (Michie, Van Stralen, & West, 2011), they developed motivational characters called
‘Mr. & Miss Dewy’ (Figure 10) who appeared as graphic accessories on everyday household
products to educate users on when to turn off the tap or how to fend off a section of the
bathtub to use less water for bathing infants.
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Figure 10  Motivational character illustrations of Mr. & Miss Dewy

Their proposal included the design strategy to achieve the goal along with some product
examples based on the strategy (Figure 11).

@ SWINEGOALS

DEWY PROJECT

BETTER PARENTS BETTER FUTURE ‘
ok

Avoid wasting water.

Water scarcity affects more than
40% of the world's population.

Goal 6: Clean Water and Sanitation

Figure 11  UN Sustainable Development Goal: Water Conservation and the brand proposal

Another group focused on the same Sustainable Development Goal of Water and Sanitation,
but worked on a completely different problem faced by a unique demographic in India.
Focusing on a sub-goal, ‘By 2030, achieve access to adequate and equitable sanitation and
hygiene for all and end open defecation, paying special attention to the needs of women
and girls and those in vulnerable situations’, the group devised a DIY origami Stand to Pee
device for women travelling long distances to defecate because of the lack of hygienic public
facilities. Supported by articulation tools they defined their brand strategy as “Our Stand to
Pee device helps women who want to use public toilets by upcycling hydrophobic materials,
eliminating contact with contaminated surfaces and reducing the risk of UTIs.”

Divergent concept-generation - Along the process, divergent ideation was promoted
by utilizing different tools such as Opportunity Mind Map, Value Hypothesis, Concept-
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Generating matrix, prototypes and concept scenarios, etc. all referenced from the book 101
Design Methods (Kumar & LaConte, 2012). Another student group focused on the Affordable
and Clean Energy UN goal with a specific focus on the people of Caribia, a small village
supported by the cacao industry in Columbia (Figure 12).

&
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Goal 7: Affordable and Clean Energy

Figure 12 UN Sustainable Development Goal 7: Affordable & clean energy and the brand proposal

Their brand proposition ‘Biopower’ is an organization offering a system for sustainable clean
cooking energy. They researched the negative health outcomes of the current methods

of generating cooking energy which majorly comprised of burning wood which causes
irreversible respiratory damage. They proposed wood pellets composed of biomass to be
burnt instead. In order to develop a self-sustaining business model while still providing these
pellets at no cost, the group identified the opportunity to design eco-stoves that could be
sold. Although people from Caribia live in poverty and cannot afford their living expenses,
they often spend their money on buying satellites TV. This behavior is unique to their target
audience and played a major role in designing their brand strategy.

Students further plotted each concept on critical evaluation tools such as the ‘who-what-
where-when-why matrix’ to sift feasible concepts that can be developed further into a
strategy (Figure 13).
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Figure 13  Student group evaluating their concepts on a ‘who-what-where-when-how’ matrix.

The figure above evaluates strategies for providing equal access to sanitation for women in
rural India. The concepts generated in the previous stage varied from large infrastructural
investments to individual-level products that can mediate current negative behaviors. The
concepts were narrowed down based on a ranking system in the matrix that proved to create
substantial impact in safety, dignity, sustainability, cultural appropriateness, positive behavior

change and perceived value. This criteria for evaluation was unique to all the groups and
their focus audiences.

Other tools such as Strategyzer’s Value Proposition Canvas were used to analyze the concepts
the students developed (Figure 14). The Value Proposition Canvas provides a set of tools

and processes to systematically design and test value propositions and produce results. The
visualization of value also helps establish a simple and shared language to discuss value
propositions across organizational boundaries (Strategyzer, 2019).
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The Value Proposition Canvas ,7
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Figure 14  Student group evaluated the value of their clean energy proposal

In addition to the Value Proposition tool, students also used a combination of critical
evaluation tools to define how their products and services would create value for our
customers.

The final step of the project was a pitch presentation to entrepreneurs and marketing
professionals at a local Venture Lab, which activates a high density of rapidly curated startup
opportunities. The students prepared a brand strategy presentation, which was followed by
a short Q&A session where the students answered questions about implementation, scaling
their concepts, extensibility of their strategy, etc. One of the projects was chosen to be
accelerated by the Venture Lab where the presentations were held. Overall, brand strategies
ranged from individual product concepts to service to systems-level interventions, and
utilized the UN Sustainable Development goals as their framework for innovation.

4. Discussion

In this course, faculty embraced future-focused yet human-centered approaches as the
project frameworks, which were: Trend as Strategy, Empathy as Strategy, and Vision as
Strategy. Each project was facilitated for a term of five weeks by a team of two design faculty.
In teaching the Trend as Strategy project, it was important for faculty to emphasize analogue
‘displayed thinking’, utilizing post-it notes and visuals to represent the research and mapping
techniques. Students responded well to the interactivity and flexibility of this process versus
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keeping their research in a digital format. Articulation of trend shifts was challenging for

the students, so group work and frequent provocation from faculty was needed to aid in

the framing of their content. Trend Forecasting is a comprehensive course taught at the
undergraduate level, so condensing the learning process to 5 weeks was a challenge, given
that the Trend process usually requires rigor of several rounds of research, analysis and
synthesis. However, enabling students to work in groups alleviated some of the difficulty.
Moving forward, it would be interesting to use the trend themes as starting points for
strategic translation — that is, to identify the trend DNA, and how that would be leveraged for
innovation opportunities for a brand and/or category.

Project 2, Empathy as Strategy, encouraged students to learn and practice primary and
secondary design research methods. Being able to select an organization of their interest
encouraged students to become more self-directed and curious within the project, while
connecting with potential employers. Students appreciated the breadth of tools and
frameworks to make sense of their primary research. Furthermore, faculty encouraged
students to articulate their research through a variety of frameworks that made sense for
their individual projects, yielding creativity and autonomy in their process and output. Finally,
students responded positively to the display of their findings in the forms of soft prototypes /
visualizations, which was a refreshing alternative to digital presentations.

In Project 3, students identified topics to investigate using the UN Sustainable Goals. Given
the importance of involving a multitude of stakeholders early on in the strategic design
process as Camillus and Simonarson suggest, students were limited in gaining primary
research insight necessary to develop and refine their final concept ideas, often due lack of
exposure to the designated population that they were designing for. This made it difficult for
students to not only frame their strategy and justify the efficacy of their proposals at the end.
To remedy this, each member of a group represented a different stakeholder and together
they brainstormed a breadth of possible strategies. These were evaluated through feasibility
matrices and one concept was adopted for development. This helped the groups to innovate
from multiple perspectives such as product, services, manufacturing and production,
branding, etc.

Encouraging students to develop a solution through a business pitch presentation helped
them to keep a realistic frame about their concept/solution development. This was released
as the minimum viable product towards the end of the course, leaving less time for re-
iterating based on new insights. In future courses, faculty suggest that students then spend
more time validating, prioritizing and developing a solution in a subsequent course. Faculty
would consider limiting the final deliverable to be a visualized systems framework of strategic
recommendations.

5. Conclusion

Overall this course framework was successful in providing students with an array of design
research methods/tools, ranging from generative to evaluative, for which the students
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applied them proactively across their projects accordingly. Faculty utilized group work across
the projects in order to facilitate communication and comradery amongst this cohort, since
this was the first semester of their graduate experience. Most of the students experienced
design through research for the first time. Students found the tools, readings and guest
lecturers very helpful in the process. They also found their ideation to be catalyzed by the
research methods and hence more productive in a shorter amount of time. However, many
students wished that there was overlap across the three distinct projects. The shift from
three separate project topics, to one topic with three congruent projects/phases, would
enable the students to better grasp how these methods are utilized in relation to one
another. For example, the trend analysis completed in Project /Phase 1 could be the starting
point for strategic foresight and translation, to be explored then in the next two projects. The
students felt that they would be more likely to emerge as experts on the subject matter in
this case.

The purpose of this paper is to describe a curriculum for teaching design strategy as a

core synergistic design research activity. Our collaborative pedagogical approach was
complimentary of design strategy as research. It was successful in teaching students the
methods and tools necessary to create strategic frameworks and recommendations towards
very complex pressing global issues of today.

This course was taught in the following year, so given the analysis of the approach, some
refinements made. Faculty re-imagined the sequence and interrelation of the 3 projects.
The first project still focused on ‘Trends As Strategy’, and then to kick off Project 2, students
were introduced to the UN Sustainable Development Goals earlier, for which they conducted
comprehensive research on a particular goal of interest. Students were still introduced to
tools/methods to develop an understanding/functional literacy of the opportunity, and
then visualized a framework of that understanding that incorporated all stakeholders and
associated issues. Final output was not a business pitch, but rather, students used their
framework to generate a strategy to respond to the opportunity. This restructuring was
much more attainable, given the complexity of the topics that they were prompted to
explore. They presented strategic recommendations that were oriented towards how they
might maximize positive results and limit unintended consequences, rather than identifying
“solutions”.
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Abstract: Design thinking features a distinct process for probing deep problems and
ensuring that the right questions are being addressed and feasible solutions proposed.
Recently, Taiwan’s Health Promotion Administration took on design thinking as a
method for redesigning several health-related public strategies. Although design
thinking has been widely applied in several realms, more studies need to be conducted
to ascertain its full effect. Therefore, this study attempts to understand how a Design
Thinking Workshop could affect the development of public health strategies by using
adolescent tobacco prevention as a case for research. The two-phase study included
data collection and analysis for exploring the research topic. In conclusion, we found that
participating in the process of a design thinking workshop helped establish a human-
centred mindset. Further, the workshop resulted in the formation of concrete public
policies that addressed fundamental root issues of adolescent tobacco prevention.

Keywords: design thinking; workshop; strategy development; tobacco prevention

1. Introduction

Recently, Taiwan’s Health Promotion Administration (HPA) promoted design thinking as

a method for redesigning several health-related public strategies. This paper presents

one facet of the promotion: a case study of a Design Thinking Workshop that focused on
adolescent tobacco prevention (ATP). The workshop was structured around design thinking
principles and aimed to enable frontline practitioners to find critical insights and develop
creative ideas.

The objective of this study is to understand how design thinking affects the development of
public health strategies by using ATP as a case focus: We ask, “how can design thinking affect
public strategy development?”

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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This research collected data from a Design Thinking Workshop for ATP and analysed it
through the steps listed below:

Generating core factors of ATP

Excerpting ATP strategies from proposals
Categorising strategies based on core factors of ATP
Mapping ideations with ATP strategies

PwnNPE

It is hoped that answering the question raised above will contribute to our growing
understanding of how and to what extent design thinking affects the development of public
strategies.

2. Design Thinking Workshop for ATP

In this section, the author will briefly introduce the Design Thinking and Design Thinking
Workshop that addressed adolescent tobacco prevention (ATP), which was hosted by the
R&D team from the National Cheng Kung University (NCKU) in collaboration with the Health
Promotion Administration (HPA), Ministry of Health and Welfare, Taiwan.

2.1 Design Thinking

Almost three decades ago, design thinking was defined as the cognitive process manifested
in design activities that would help us understand how people “do” design (N. Cross, Dorst,
& Roozenburg, 1992). The attribute of creativity is widely regarded as an essential element

in design thinking (N. Cross, 2001). Research on design thinking attempts to identify the
essential mental strategies of a designer instead of universal design methods (Tschimmel,
2012). Design thinking can be seen as a design process that has several connected stages and
can be used rapidly and applied to other fields.

2.2 Workshop Setup

The Design Thinking Workshop was held on October 16, 2018. The mission of the workshop
was to enable the frontline ATP professionals to gain critical insights and develop creative
ideas related to the issue of ATP. The overarching frame for our workshop design was derived
from design thinking principles. The workshop setup is depicted in Figure 1.
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Figure 1 Design Thinking Workshop: discovering insights for ATP issues

SCHEDULE

The Design Thinking Workshop for ATP was a 5-hour program. First, the host introduced the
concepts of design thinking for 30 minutes. Two exercises followed: “Discovering Problem
Spaces” and “Defining Insights and Rapid Ideations,” each for one-and-one-half hours. In
the final hour, all the participants were asked to share their findings and creative ideas. (See
Figure 2)

Figure 2 Discovering and defining stages of the Design Thinking Workshop for ATP

SUBJECT AND PARTICIPANTS

There were a total of 71 participants in the workshop. Participants were from the HPA (N=8)
and local public health bureaus (N=63) in Taiwan, except for Taichung City. The participants
were the frontline tobacco-prevention practitioners. They provide smoking cessation
counselling and health education services, as well as to conduct regular inspections of
tobacco retailers and youth smoking. The complete participant list is shown in Appendix
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1. The participants were divided into eight groups, based on the results of ice-breaking
activities. Each group was assigned a facilitator to assist the participants during the entire
workshop.

HOST AND FACILITATORS

The workshop host had over 10 years of multidisciplinary teaching experience. The 10
experienced facilitators included 3 PhD students, 5 MS students, and 2 freelancers in the
design field; one facilitator was assigned to each group. All the facilitators had several
experiences in facilitating workshops and had been trained beforehand.

2.3 Issue of the Workshop: ATP

The Surgeon General’s Report in the United States and myriad other reports have illustrated
the problems, including fatal outcomes, attributable to tobacco use. People incur tobacco-
related illnesses not only from active smoking but also by inhaling smoke, coming into
contact with saliva from smokeless tobacco users, and touching tobacco leaves during
farming or manufacturing processes. Smoking is the leading cause of preventable diseases
such as chronic obstructive pulmonary disease, cardiocerebrovascular disease, and cancer
(U.S. Department of Health and Human Services, 2014).

PREVENTION OF TOBACCO-RELATED DISORDERS IN TAIWAN

Creating a smoke-free environment for the next generation is valued across all nations.
The goal for decreasing the number of smokers and minimising the impact of tobacco

on the national health is to reduce the relative rate of use by 30% by2025, rather than
2010 as stipulated by the World Health Organization. The United Nations Sustainable
Development Goals target noncommunicable diseases, including tobacco-related diseases;
they were adopted in the 2030 Sustainable Development Agenda by the United Nations
General Assembly. The strengthening of tobacco control is, therefore, a pressing challenge
worldwide. The Tobacco Hazards Prevention Act proposed by the HPA in Taiwan aims to
strengthen tobacco control strategies, respond to hazards posed by novel products, protect
the overall population, and help achieve multiple goals associated with global sustainable
development.

ADOLESCENT SMOKERS AND TOBACCO HAZARDS

Nowadays, e-cigarettes are used by millions around the world. They first appeared on the
Chinese market in 2004 (Yvette Brazier, 2018). The e-cigarettes contain harmful substances,
including nicotine. Nicotine exposure during adolescence is harmful to learning, can impair
the memory and ability to pay attention, and primes the brain for addiction; these effects
can continue into the early to mid-20s. Youth who use e-cigarettes are more likely to go

on to smoke conventional cigarettes or become dual users (Chen et al., 2018). Those who
use multiple tobacco products when young are at a higher risk for developing nicotine
dependence, might be more likely to continue using tobacco into adulthood, and may risk
addiction to other drugs in the future (CDC, 2000; U.S. Department of Health and Human
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Services, 2016). Future projections for deaths attributable to smoking are high. Virtually all
tobacco use begins in adolescence. Starting to smoke cigarettes at an earlier age reinforces
the likelihood that a person will continue to smoke and reduces the probability that a person
will stop smoking.

3. Methodology

The methodology that contributed to this research will be briefly introduced in this section. It
includes two qualitative and two quantitative research methods. Because of the limited time
of the workshop, in this study, we applied the focus group technique to collect data from
each group. Further, the affinity diagram is applied to break down complex data gathered
from the workshop and reassemble them structurally. In the analysis phase, cluster analysis
and correspondence analysis were used to mapping strategies and challenges for the tobacco
prevention issue together. By illustrating the strategies and challenges, the biplot provided a
clear view of the result for further discussion.

3.1 Focus Group

In the 1940s, Robert Merton developed the focus group. Generally speaking, a focus group
saves time in investigations because researchers can collect data from a group of participants
over the same time span (McQuarrie, Stewart, & Shamdasani, 2014).

Focus groups are currently widely used to (1) collect background information and define
the subject of a study as the basis for the formation of research hypotheses, evaluations,
or assessments; (2) investigate responses to policies; (3) pretest advertising or marketing
efforts; and (4) conduct research on topics that are difficult to measure by one-to-one
surveys (Carol Grbich, 1998).

3.2 KJ Method (Affinity Diagram)

The KJ method is a tool used to organise ideas and data that was initially developed by
Kawakita Jiro in the 1960s; it is also known as the affinity diagram (Kawakita, 1991). People
have been grouping data based on natural relationships for thousands of years. The KJ
method does the same thing humans do, which is to break down complex problems and
reassemble them structurally. The technique is used to establish hypotheses and theories by
ordering facts in new ways and uncovering hidden insights in phenomena.

The KJ method is used to understand facts and find opportunities. Compared with other
statistical methods, the KJ method does not quantify a phenomenon; rather, it uses the
researcher’s point of view as a tool to master questions. There is no specific result in the
outcome of the K] method other than to gain more understanding of a phenomenon.
Although the KJ method is a subjective and qualitative research method, it can effectively
promote teamwork to clarify priorities of a discussion and reveal observations and ideas in a
short time.
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3.3 Correspondence Analysis

Correspondence analysis permits visualisation to interpret and reveal relationships among
categorical variables. The method determines which category variables are related and
correspond with one another for which no specific hypotheses have been formed (Doey &
Kurta, 2016). Correspondence analysis technically analyses two-way or multiway tables, with
each row and column becoming a point on a multidimensional graphic map called a biplot
(Doey & Kurta, 2016). The comparable pattern of counts is a descriptive data-reduction
technique.

Correspondence analysis simplifies complex data and adds supplementary data points

to better elucidate a model with flexible data requirements. Moreover, the method
examines data validity and facilitates the treatment of outliers (Fellenberg et al., 2001;
Hoffman & Franke, 2006). The characteristics that facilitate this form of analysis have been
applied across numerous domains (Greenacre, 2017), including archaeology, ecology, and
epidemiology (Sourial et al., 2010); geology and marketing (Hoffman & Franke, 1986); and
sociology and psychology (Doey & Kurta, 2016).

3.4 Cluster Analysis

Cluster analysis identifies explorations and descriptions of data structures rather than
hypothesis tests or conformations of theoretical structure (Henry, Tolan, & Gorman-Smith,
2005). Cluster analysis classifies similar variables according to their internal homogeneous
and heterogeneous traits (Kaufman & Rousseeuw, 2009; Rousseeuw & Kaufman, 1990).
Cluster analysis is a data-reduction technique for analysing interval, ordinal, or categorical
datasets (Henry et al., 2005). Moreover, it can analyse data with a mix of categorical and
numerical variables. Employing distinct statistical methods (e.g., K-means clustering,
agglomerative hierarchical clustering, and density-based spatial clustering of applications of
scans with noise) can generate different types of clusters from the same dataset. The concern
is in choosing appropriate algorithms to detect, define, and evaluate meaningful clusters
(Arabie & Hubert, 2003). Therefore, the validation and interpretation of cluster solutions
affect the outcome.

Cluster analysis has played a critical role in a wide variety of fields: psychology and other
social sciences, business, biology, statistics, pattern recognition, information retrieval,
machine learning, and data mining (Henry et al., 2005).

4. Research Procedure

A two-phase study (i.e., data collection and analysis) was designed to explore our research
topic. The research procedure is shown in Figure 3. Further information will be given in the
following sections.
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Figure 3 Research procedure

4.1 Data Collection

Our data concerned the challenges and ideations of ATP and a proposal for the 2019 ATP
strategy.

CHALLENGES AND IDEATIONS OF ATP

Challenges and ideas were collected from the Design Thinking Workshop. By gathering the
issues generated from the session on “Discovering Problem Spaces” of ATP, the research
team gathered a total of 213 challenges (problems). In the final presentation of the
workshop, 29 creative ideas were put forth by our participants.

PROPOSAL OF 2019 ATP STRATEGY

The proposal on the 2019 ATP strategy from the local Department of Health is provided by
the HPA, Taiwan, and includes the original version reported before the workshop and the
revised version stated after the workshop.

4.2 Data Analysis

Data analysis in this research can be divided into three main parts: (1) generating the core
factors of ATP, (2) taking excerpts of ATP strategies from an annual proposal, and (3) adapting
a quantitative research approach to make cross-comparisons between strategies (from an
annual proposal) and ideas (raised at a workshop).

1. Generating core factors of ATP

In order to group the ATP issues accurately, a focus group was convened and eight R&D
members were invited to sort data according to the affinity diagram (KJ method). After the
focus group discussion, 213 original data items were sorted into 18 groups (Table 1).
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Table 1 Eighteen Core Factors of Adolescent Tobacco Prevention

A Smoking is attractive to people and fascinates them.

Advising underage persons to quit smoking is just inviting trouble.

Neglect of and indifference to the issue of underage smoking behaviour are real.

Seeing smoking behaviours can cause people to take up the behaviours.

Refusing a smoking invitation from others can make a person ashamed.

Smoking is an escape from the pressures of reality.

Cigarettes (e-cigarettes) are easy to purchase and obtain.

I|OoO|mMmMOIO|®®

The attitude toward smoking is difficult to change.

Underage smokers deny that tobacco hazards exist and refuse to face their possible effects.

Underage smokers tend to ignore the regulations of the Taiwan Health Promotion
Administration.

—

Difficulties in making inspections are caused by limited human resources.

Difficulties in inspection because of Insufficient regulations.

Verifying the illegality of underage smoking is difficult.

Awareness of the harm caused by smoking behaviours is insufficient.

Tobacco cessation intervention could not significantly influence young people.

Tobacco cessation intervention would be annoying for young smokers.

Resources for and guidelines about tobacco cessation are lacking.

m|lplv|lo|lz|z|r|=

It is not easy to quit smoking, but it is easy to continue to smoke.

The core factors of ATP generated in this section reflect the space of the overall problem
and reveal the critical issues related to ATP. The 18 core factors of ATP were used for further
analysis with the strategies discussed in this study.

2. Excerpting ATP strategies

To reveal the benefits of involving design thinking in tobacco prevention, this research
excerpted strategies from the annual proposal of the local Department of Health. Because
adolescent smoking behaviour is different from area to area, this research selected two
cities and five counties in Taiwan as our target areas. They were comparable to having a high
adolescent smoking rate and low rate of decline in smoking behaviours between 2014 and
2016. Based on the Taiwan Tobacco Control Annual Report of 2016, the two cities and five
counties selected were Keelung City, Taoyuan City, Hsinchu County, Nantou County, Pingtung
County, Taitung County, and Hualien County.

Regarding the topic of the workshop, this research excerpted only the strategies on ATP from
the proposal. Similar approaches in the original proposal were combined, so that 23 plans
were eventually identified. By comparing the original and revised versions of the proposal,
the R&D team identified another 19 strategies that had been added. A total of 42 strategies
were excerpted. A more detailed explanation of each strategy can be gained from Appendix
2.
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3. Mapping ideations with ATP strategies

After the data were collected and sorted according to the qualitative research approach,
this study looked further into the influence of design thinking by applying the cluster and
correspondence analyses. Findings of the cross-comparison will be discussed in the next
section. The matrix of an evaluated score for the relationship between the ATP factors and
strategies is shown in Appendix 3.

5. Results

In this section, we focus on the results of the qualitative analysis. Results of the cluster and
correspondence analyses will be presented clearly.

5.1 The Result of Strategy Clustering

A cluster analysis using Ward’s method is schematically presented in Figure 4. The core
factors from Table 1 were used to classify the strategies in this study, and they were grouped
into three categories. By referring to the original data, similarities in group characteristics can
be identified.

Each group contained original and newly added strategies. None of the categories had only
revised strategies or original strategies. Based on the statistical results, we can see that the
new strategies shared similarities with the original ideas (or considered the same ATP
factors).

25 _|

20 _|

ol I T T T TTITTTT P PT I I T PITT] EEEEEEEEEEEE

3 322537 2 261 9 293831 5 30341920 4 3933 8 1516 17 42 7 41 27 40 21 6 28 36 10 12 22 11

Figure 4 Dendrogram for ATP strategies

5.2 Correspondence Analysis Between Factors and Strategies

In regard to the results of the correspondence analysis (Table 2), we first look at the chi-
square test. The value of sig. (or p-value) is lower than .001, which indicates that our

total inertia value is significantly different from zero. There is a relationship between the
ATP factors and strategies. Second, the total inertia is 97.9%, which indicates that for our
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model, some aspect of the ATP factors explains approximately 97.9% of the strategies. The
association is quite strong. In our model, dimension 1 explains approximately 46.1% of the
total of 97.9% of the variance shown in the model, whereas dimension 2 explains 16.4%.

Based on the statistical result of the correspondence analysis, we can go deeper into the
other factors and strategies.

Table 2 Summary of Correspondence Analysis of ATP Factors, Strategy of 2019
Singular | Proportion of Inertia | Confidence Singular Value
Singular Chi- Value |Accounted . Standard | Correlation
Dimension| Value Inertia square | signifies for Cumuistive Deviation 2

1 672 451 461 461 .005 .070
2 400 .160 .164 .625 .008
3 .301 .091 .093 717
4 .246 .060 .062 779
5 .216 .047 .048 .826
6 193 .037 .038 .864
7 178 .032 .033 .897
8 149 .022 .023 .920
9 141 .020 .020 .940
10 125 .016 .016 .956
11 107 .011 .012 .968
12 1101 .010 .010 .978
13 .096 .009 .009 .988
14 .070 .005 .005 .993
15 .057 .003 .003 .996
16 .050 .003 .003 .999
17 .038 .001 .001 1.000

Total 979 |18310.906| .0002 1.000 1.000

a. 697 degrees of freedom

For a visual picture of the correspondence analysis result, see the graphic representation in
Figure 5. The yellow-cross marks signify the 18 core factors of ATP, and the blue-triangle and
red-circle marks stand for the original and revised strategies, respectively.

6. Discussion

By combining the results of the cluster and correspondence analyses, three main groups are
seen in the correspondence analysis biplot (Figure 5). Tracking back to the raw data on the

strategies, the groups can be named (1) education and campaign, (2) inspection and training,
and (3) smoking cessation services.
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Three categories of ATP strategies
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A
(N) Insufficient awareness of the harm caused by smoking behaviour.

(C)Negleczofa%' i t0 the issue of underage smoking behavi

SN

(D) Smoking behaviour could be easily imitated.
A (A) Smoking is an attractive and fascinating thing.

~—1

1. Education and Campaign

6.1 Review of DT Workshop and Public Strategy Development
By mapping the ideas and strategies, the researcher found that 28 of 29 ideas suggested by

our workshop participants could be mapped to the list of 42 strategies. Eleven ideas were

related to the 23 original strategies and 17 ideas to the 19 newly added strategies.

The 28 strategies related to the workshop ideas are illustrated in Figure 6. The mapping

result lends support to the theory that;

¢ |deas generated from the workshop were general and seemed to be correlated

with new strategies proposed after the workshop.
e The Design Thinking Workshop focused on both past ideas and new ideas.
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Figure 6 Strategies related to ideas generated in the Design Thinking Workshop for ATP

A quick look at Figure 6 reveals that ideas generated in the workshop were mainly from the
education and campaign group and inspection and training group. There was only one new
strategy related to new ideas in the smoking cessation services group. The ideas generated
by the frontline practitioners usually focused on preventing smoking behaviours in teenagers
who had not started to smoke rather than stopping them in teenagers who were already
smoking. This finding is in accord with the results of previous studies of the ideations of
design thinking workshops, although those studies focused on different issues. Bennett
(2016) presented findings from a workshop on designing ways for persons with disabilities
to have more options for accessibly. Participants found several access barriers and ideations
that prevented disabled persons from contributing on an equal basis (Bennett, Shinohara,
Blaser, Davidson, & Steele, 2016, p. 304). The outcome was similar to our research findings,
which also focused on prevention. Lindberg et al. (2011) argued that design thinking is
limited to fuzzy front-end matters. They found that ideations derived from the process
usually did not survive when they came into conflict with established development
processes, corporate rewards, and reporting and controlling systems (Lindberg, Meinel, &
Wagner, 2011). According to our results, it is likely that issues related to smoking cessation
services are too narrow and rigid or generating ideas. Our research results led to the finding
that;

1542



Designing by frontline tobacco-prevention practitioners: How can Design Thinking workshop...

e The Design Thinking Workshop tends to lead participants to focus on prevention
rather than cessation and is limited to fuzzy front-end matters.

6.2 Review of Seventeen Newly Added Ideas and Strategies

Based on the structure of the three categories, one can explain the insights by comparing the
original and revised strategies related to the 17 workshop ideas. The strategies are presented
in Appendix 2, and the number appears in brackets for easy checking.

EYE-CATCHING EDUCATION AND CAMPAIGN

Based on the raw data, the original strategies seemed to primarily focus on establishing a
smoking-free supportive environment (i.e., family home and school campus). The existing
strategies (before the workshop) included board games [10] that included warnings about
the effects of tobacco on health, a letter to parents encouraging them to quit smoking [7],
smoking cessation courses [11] (courses on quitting smoking for underage smokers), and
training for enforcement personnel [22].

After the Design Thinking Workshop, the new strategies on education and campaigning
focused more on their targets. For example, some strategies [28] involved using virtual reality
antitobacco games to arouse an adolescent’s interest. Strategies [36] presented by Pingtung
County involved inventing antitobacco board games and other campaigns in indigenous
languages because 7.25% of residents were indigenous (Department of Statistics, Ministry of
the Interior, 2019).

NOVEL INSPECTION AND TRAINING

The category of inspection and training was the largest of the three categories, and its three
main topics were (1) inspection [1, 9, 20]; (2) banning tobacco advertising and marketing,
and [3] promoting tobacco control campaigns.

Several strategies were generated in the workshop. One involved addressing the low rate of
reporting instances of smoking. It was suggested that paying someone who reports illegal
smoking may act as an incentive to the public [26]. If reporting another person’s illegal act
were rewarded instead of causing trouble, people might be willing to report such an act.
Another suggestion involved educating tobacco sellers about teenage smokers. The rate for
selling tobacco to teenagers has remained the same over the past 5 years (HPA of Taiwan,
2018). Nantou County tried a new strategy to educate long-time tobacco sellers by posting
tobacco-control campaign posters with words in large fonts where they could see them and
by offering them one-on-one antitobacco training [34]. To encourage sellers to keep the
antitobacco posters, Pingtung County professionals provided “antitobacco promotion cards
in the shape of a sycee” [37] for them. The shape of the sycee indicates “great fortune” in
Taiwan, and this might impel a tobacco seller to keep the cards.

ENERGETIC SMOKING CESSATION SERVICES
Smoking cessation services in place before the workshop included antitobacco courses
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[14] and self-monitoring, progress tracking [13], carbon monoxide monitoring [13], and a
smoker’s helpline [18, 23].

After the workshop, regular exercise [24] was added to the smoking cessation efforts [24]. A
new strategy, health promotion clubs, was provided by Keelung City for underage smokers.
Because the impact of peers is much more powerful than that of others, the clubs were set
up as friendly societies for helping underage smokers and engage in sports activities that
would boost their health and serve as an alternative to smoking.

The review of the insights described above, which were suggested during a Design Thinking
Workshop, suggests that there is some benefit in involving design thinking in public strategy
development. The result shows that the development of strategies no longer occurs only by
professionals. In the findings and insights listed, one can see that the ideas that emerged
from the Design Thinking Workshop embraced empathy-based thinking. This finding is in
accord with the results of previous studies. Fabrizio and Elena noted that a project-based
approach (e.g., workshop) suggested much more emphasis on collaboration and empathy
than a traditional approach (Pierandrei & Marengoni, 2017, p. 925).

7. Conclusions

This study proposes that design thinking can affect the development of a public health
strategy by focusing on a case study of a Design Thinking Workshop. The researcher remains
perfectly aware that the validity of any experimental study is limited to the scope of the
experiment. Thus, the generalisation of the result of this study to another field may have
limited use. This study has taken a step toward defining the relationship between design
thinking and public health strategy development.

In the big picture, this study shows that design thinking contributes to the further
consideration of the challenges and problems of people but does not contribute to the
expansion of a new domain of strategy. The result of the Design Thinking Workshop for ATP
shows that strategy development is no longer only the purview of professionals in the field.
Ideas and strategies both arise from the engagement of stakeholders in ATP issues.

To summarise the salient features of the analysis, we look at several findings of interest. The
application of design thinking to public strategy development had three main facets. First,
based on the characteristics of design thinking, a human-centred design process, participants
not only shared new ideas but also considered existing ideas if the ideations were related to
stakeholders with whom they empathise. Second, considering the mapping between ideas
and strategies, the ideas raised in the Design Thinking Workshop were very similar to the
strategies proposed after the workshop. Last, the Design Thinking Workshop tended to lead
participants to focus on prevention rather than cessation and limited them to fuzzy front-end
matters. We found that participating in the process of a Design Thinking Workshop helped
establish a human-centered mindset. Further, the workshop resulted in the formation of
concrete public policies that addressed fundamental root issues.
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Although this study has its limitations, it is hoped that it can serve as a basis for further
studies on strategizing during a Design Thinking Workshop. In the future, we will study
whether a Design Thinking Workshop could have the same effect in other realms.
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Appendix 1

List of Workshop Participants

Employer Position Number in Attendance
Health Promotion Chief secretary, section chief, director,

Administration, Ministry of  associate technical specialist, secretary, 8

Health and Welfare and contract employee

Department of Health for

Keelung City Government Section chief 1

Taipei City Government Section chief, section chief, head, and 5
planner

New Taipei City Government Head, officer 3

Taoyuan City Government Chief secretary, junior and associate

technical specialists 3

Hsinchu City Government Special assistant

Hsinchu County Government Section chief

Miaoli County Government  Section chief, associate technical specialist, 5
and research assistant

Changhua County Section chief, associate technical specialist, 3

Government and case officer

Nantou County Government Associate technical specialist, project 3
specialist, and public health instructor

Yunlin County Government  Section chief, junior and associate technical 5
specialists, and special assistant

Chiayi City Government Section chief, associate technical specialist, 3
and special assistant

Chiayi County Government  Section chief, project specialist, and head 4
nurse

Tainan City Government Head and associate technical specialist

Kaohsiung City Government Head and project assistant

Pingtung County Associate technical specialist and project 4

Government assistant

Taitung County Government Associate technical specialist, project 3
assistant, and contract employee

Hualien County Government Associate technical specialist and project 4
assistant

Ilan County Government Section chief, associate technical specialist, 3
and public health inspector

Penghu County Government Deputy minister, special assistant, and 3
temporary project assistant

Kinmen County Government Contract employee 1
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Lienchiang County Project assistant
Government

Appendix 2

Forty-two Strategies for Adolescent Tobacco Prevention from the Annual
Proposal of the Local Department of Health

Original Strategies: 23

Strengthening inspections at the common site of violations (e.g., Convenient store, hospital)

2. Counseling cigarette sellers to join the “guardian alliance”

3. Strengthening training for tobacco-store staff (age recognition, etc.)

4, Informing citizens about the hotline connected with (high) schools and the local Department
of Health
Hiring temporary staff for illegal inspections
Using textbooks and other teaching materials to enhance awareness of the effects of second-
hand smoke/third-hand smoke and e-cigarette vapors on children

7. Sending flyers and letters to parents encouraging the quitting of smoking for the building a
smoke-free environment effort

8. Promoting smoke-free environments on campuses and nearby covered walkways

Inspecting smoking hotspots (medical institutions, entertainment venues)

10. Generating games to be used as teaching materials (e.g., e-cigarette turntable, tobacco
prevention board game)

11. Defining antitobacco activities (e.g., refusing to be around second-hand smoke, refusing
offers of cigarettes from peers, being aware of emotional manipulation)

12. Promoting sports activities and expanding awareness of the harm caused by tobacco

13. Testing and recording levels of exhaled smoke (e.g., providing education on the addictive
properties of nicotine) and providing follow-up counseling (smoking cessation services) to
underage smokers

14. Providing one-on-one health education (smoking cessation services) for dropouts and high-
risk students

15.  Providing smoking cessation services in cooperation with the Joint Ministry of Education,
external units, and schools

16. Setting up penalties (payments and smoking cessation services) for students who are
violating the Tobacco Hazards Prevention Act

17. Interviewing and counseling parents of students who smoke

18.  Providing smoking cessation counseling and health education services in combination with
community medical resources

19. Banning tobacco advertising, promotions, and sponsorships

20. Strengthening inspections of e-cigarettes and monitoring the selling of e-cigarettes on the
internet

21. Providing and renewing health warning campaigns and signs

22. Training personnel to enforce the smoking cessation services and generate teaching materials
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23.  Providing a free smokers’ helpline for adolescents

New Strategies (added to the revised version of the proposal): 19

24.  Setting up health promotion clubs, which are friendly societies for underage smokers that
provide a place in which they can build trust and try to quit smoking together through sports
activities

25.  Monitoring websites on which tobacco is sold illegally

26. Setting up payment rewards for the public to serve as incentives for reporting illegal
underage smoking and selling

27.  Providing antitobacco board games that can be released on social networks

28.  Providing visual reality experiences for improving teens’ abilities to refuse tobacco and
strengthen awareness

29. Posting mystery shopper reports on age verification for tobacco purchases

30. Counseling tobacco sellers not to promote the sale of tobacco products to teenagers

31. Investigating sources of tobacco supplied by students using the smoking cessation services

32. Counseling tobacco traders and strengthening inspections to reduce illegal smoking

33. Asking schoolteachers to cooperate with the HPA in providing SCSs for underage smokers

34. Putting up posters with words in large fonts that promote one-on-one health efforts for
elderly persons who sell cigarettes

35. Testing and recording levels of exhaled co-values and providing follow-up counseling (for
group /individual smoking cessation services)

36. Providing unique teaching materials and campaigns in indigenous languages

37. Providing an “antitobacco-promotion card in the shape of a gold ingot” for tobacco sellers

38. Posting mystery shopper reports on age verification for tobacco purchases

39. Informing people about the hotline connected with (high) schools and the local Department
of Health

40. Offering a lecture on campus on a smoke-free environment

41. Encouraging parents to sign a quit-smoking commitment to build a smoke-free environment

42. Providing parenting education for the parents of dropouts and high-risk student

Appendix 3

Matrix of Evaluated Relationship between Factors and Strategies

Factors 18 Core Factors of Underage Tobacco Hazards Prevention

Strategy A B C D E F G H I J K L ™M N O P Q R

01 11 11 11 33 33 0 56 11 0 56 56 33 67 22 11 11 0 11
02 0O 44 11 11 11 0 140000 O 33 33 67 56 0 11 0 0 O
03 0 33 22 0 0 0 8 0 0O 44 56 44 67 0 11 11 0 O
04 0 56 56 11 0O 22 11 0 11 8 56 56 11 11 11 22 11
05 0O 0 11 0 O O 44 0 0 11 /89 56 8 0 0 0 0 O
06 44 22 67 67 22 0 11 33 33 33 0 0O O 78 33 56 11 O
07 56 33 89 100 0 11 56 22 22 11 11 0O 11 56 22 11 0 O
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08 11 33 11 33 11 0 22 0 22 56 56 11 33 11 11 11 0 O
09 11 22 11 56 33 11 56 0 11 33 44 67 78 0 11 11 0 O
10 56 11 11 56 22 56 11 33 78 11 0 11 O 0056 78 0 11
11 44 33 22 67 100 100 11 33 22 22 0 22 0 67 33 22 11 O
12 33 33 22 33 33 67 0 44 33 11 11 11 0 67 44 56 11 22
13 22 0 11 11 11 22 11 22 44 11 22 11 11 44 67 11 78 100
14 11 22 44 22 11 11 11 56 67 11 44 11 11 78 67 56 67 44
15 11 44 33 11 11 11 22 22 33 33 44 11 0 44 33 22 22 11
16 0O 0 11 11 0 11 11 33 O 89 22 22 11 0 11 0O O 33
17 0O 44 300122 0 0 11 11 22 33 0 11 11 33 33 33 11 33
18 11 22 11 0 0 11 0 22 33 11 11 22 0 56 44 22 89 33
19 44 11 11 78 0O 00 0 0 33 11 44 11 22 0O 11
20 22 11 0 33 0 0 [100 0 11 67 22 67 44 33 0 22
21 44 22 22 33 0 11 O 33 44 33 0 11 22 189 22 11 0 0
22 0 11 33 11 11 0 0 22 11 22 11 11 O 44 89 89 22 11
23 0 11 11 0 O 11 0 22 22 11 22 0O O 33 44 22 78 56
24* 33 33 44 56 11 78 0 44 56 22 33 11 0 44 100 67 56 67
25* 0 22 11 0 0 0 78 0 0 56 44 56 67 1 0 0 11
26* 0O 44 11 0 0 O 78 0 11 89 78 67 67 1 0 0 11
27* 56 22 22 56 0 33 11 33 44 11 11 0 O 67 22 44 0 11
28* 33 22 33 44 89 22 0 33 56 11 11 11 0 78 56 67 11 0
29* 0O 0O 0O 0O 0O 0 8 0 0 22 33 22 67 11 0 0 0 11
30* 22 33 11 22 0 O 89 33 22 44 44 33 22 67 22 22 0 11
31* 0O 0O 0O 0O 0O 0O 8 0 0O 44 56 44 89 22 22 11 0 11
32* 0 33 0 0 0O 0 1000 O 56 56 44 78 0 11 11 0 11
33* 11 44 44 11 11 0 67 22 22 56 67 67 22 22 11 22 0 11
34* 11 22 33 11 0 0 [400 0 11 56 22 11 33 33 44 22 0 O
35* 11 22 44 44 44 44 0 33 44 11 0 11 0O 56 89 56 78 100
36* 22 33 33 33 33 11 11 22 44 11 11 0 78 67 67 11 0
37* 0 33 11 0 1100 0 78 33 44 67 11 11 11 0 0
38* 0O 11 0 0 O O 78 0 0 33 33 44 8 0 0 0 0 11
39* O 44 33 11 33 0 56 22 11 11 67 33 44 11 11 11 0 11
40* 44 33 22 44 11 11 0 22 56 11 11 O 11 67 22 44 0 O
41* 11 67 10056 0 O 44 11 33 11 22 11 0 22 0 11 0 O
42* 11 44 10022 0 11 11 22 44 33 11 0 11 78 56 22 22 11

* Strategies added after Design Thinking Workshop
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Abstract: Digital simulations and scenario-based learning programmes are widely
accepted as an effective educational approach where experiential learning is key.
However, there is an acknowledged need to improve the narrative design of these
educational interventions to make them both engaging for the learner and aligned
with learning goals. This study turns for guidance to the expertise of narrative
designers for games, where storytelling for interactive narrative has a long history of
testing, iterating and perfecting. A collection of proven techniques described by game
narrative practitioners will inform creative writing efforts to craft prototypes to test the
transferability of those techniques to interactive narratives in a healthcare education
context.

Keywords: game design; learning design; creative writing; choice design

1. Introduction

Learning designers use simulations and scenarios to create immersive contexts that reflect
the day-to-day realities that are meaningful for learners. In those scenarios, learners face
decisions in situations and/or with people in the simulated environment. They experience
the consequences of their decisions as immediate feedback. This creates a more meaningful
and experiential learning environment that contrasts with the type of right/wrong answer
messages in more traditional training materials.

A requirement for this approach to learning design is the creation of a professionally
designed narrative, with strong characters, a well-paced storyline, interesting choices and
relevant consequences. However, few learning design professionals have a background in
creative writing. They often struggle to write narratives that both immerse the learnerin a
well-crafted story and offer coherent and meaningful choices and consequences that align
with the desired learning outcomes.

On the other hand, game writing has advanced significantly faster in the crafting of engaging
interactive narratives. Story-based games present their players with appealing dialogues and

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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at the same time provide choices that align player goals with the narrative design.

The research project presented in this paper stems from an ongoing doctoral project that
seeks to identify opportunities to improve the interactive scenario writing practice of
learning designers with the narrative design techniques developed in games. The design of
the study is supported by significant professional experience in digital learning design, with a
focus on scenario-based learning and story-based educational games.

This paper describes and reflects on the initial phase of the research project and presents
the methods to extract practitioner knowledge about game narrative design techniques from
secondary sources. Opportunities and challenges for the development of testing prototypes
that apply these techniques to a learning design context are discussed.

2. Background

The role of simulations and scenarios to immerse learners in situations that reflect day-to-
day reality has been studied for several decades (J. Biggs, 1996; Kolb & Kolb, 2009; Schank,
Fano, Bell, & Jona, 1994). However, it has only recently gained traction in design for work-
based learning. High profile practitioners in that industry propose learning design models
that shift focus from “knowing about a desired change in behaviour” to “actively changing
behaviour”. They champion interactive scenarios as a proven method for successful learning
results (Aldrich, 2020; Clark & Mayer, 2012; Moore, 2017). The branching nature of scenario-
based learning, with a focus on narrative and decision-making often leads to them being
described as serious games in the learning design industry.

Several researchers look at games with a narrative framework as a very productive setting
for educational games (Dickey, 2006; Luo, Cai, Zhou, Lees, & Yin, 2015; Shelton & Scoresby,
2011). Within this game genre the adventure game, both in its modern graphical form or its
text-based origin (interactive fiction games) is often preferred. This preference is motivated
by their high-level narrative framework for problem-solving, specific narrative techniques
such as plot hooks that compel the player to find answers, and the emotional proximity
between the player and their role (Dickey, 2006).

Looking at the wider context, interactive digital narratives are seen as an opportunity to
serve both as entertainment and education. Researchers are particularly interested in how
the power of control in a narrative is experienced psychologically by individuals (Green &
Jenkins, 2014). While many authors focus on the player role in their definition of interactive
narrative, other researchers point out the important role of the narrative or ‘system’ itself.
They describe interactivity in storytelling as a cyclic process between agents: each agent (the
user and the system) alternately listens, reflects and speaks (Crawford, 2008). This inclusion
of the system as an active agent, brings the work of the designer/writer of the interactive
narrative into focus.

Since the early days of interactive fiction games (IF), game designers have been perfecting
devices and techniques to craft compelling and engaging narratives. They build interesting
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worlds and characters, write engaging dialogues and player choices and at the same time
scaffold the narrative for problem-solving and player insights (Dickey, 2006; Fernandez-vara,
2010). However, there are more arguments that make this specific game genre fit with crucial
elements for this study. In his seminal work, “Twisty Little Passages”, Montfort (2005) likens
IF to the literary genre of the riddle. He explains that IF builds a new world to be unravelled
and understood by the reader/player in order to gain new insights and it is built to be

solved. An IF game provides a “new perspective on something familiar” (p.60), which aligns
with learning design initiatives wanting to achieve a change in how the player views and
understands a situation. Narrative design techniques are inherent to the text-based IF genre:
the writing must compel to engage the reader/player (Montfort, 2005).

While the IF genre has never really died out and has an active community, the past decade
has seen a real “IF renaissance” with smaller independent game studios (“indie”) exploring
the possibilities of interactive narrative based on the written word, often with minimal

but high intensity graphics (Alexander, 2013). This renewal of the text-based game is

aided by our familiarity with reading on tablets and phones as a leisurely activity, which
can thus be associated with games (Alexander, 2012). Incidentally, this trend aligns with
recent publications within the learning design industry, which advocate for active learning
interventions focused on story and choice design with simple graphics (Aldrich, 2020).

While this study ultimately looks at a wider perspective for the improvement of interactive
narratives for learning, prototyping applies the findings to healthcare conversations. This
choice is motivated by practice experience in the creation of scenario-based healthcare
training. More specifically, the prototypes will focus on compassion training, part of training
in non-technical skills (NTS), widely seen as essential in the improvement of patient safety
and health outcomes (Bauchat, Seropian, & Jeffries, 2016; Riess, 2017). Research in the past
two decades looks at narrative approaches to achieve a deep understanding of the patient
experience and the facets of clinician-patient relationships (Batt-Rawden, Chisolm, Anton,
& Flickinger, 2013). A healthcare provider’s competence in recognising narrative allows a
deeper understanding of each patient experience, resulting in more patient-centered care
(Barber & Moreno-Leguizamon, 2017). Interactive narratives, in the form of simulations and
serious games, have often been discussed as an educational approach to develop empathy
and/or empathetic behaviours in patient-healthcare provider situations (Batt-Rawden et al.,
2013; Bearman, Palermo, Allen, & Williams, 2015). This aligns with educational approaches
that use interactions with virtual patients for healthcare training. In this area, many studies
highlight the need for further research into the creation of the interactive narratives that
provide learners with the “sense of complexity and unpredictability” that in healthcare
replicate experiences with real patients (Peddle, Bearman, & Nestel, 2016).

In conclusion, an application of techniques applied in-game narrative would lead to a higher
quality narrative structure that supports the interactive decision-making and dialogues in
scenario-based learning and simulations for healthcare and learning design in general. It
would support the narrative to approach the behaviour of real people in real situations, and
therefore enhance their believability and increase immersion by elevating their intricacy and
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unpredictability.

3. Methods

Within practice-led research, the approach of the current study aligns with creative writing
research, including self-reflexivity, creativity and experimentation as well as scholarship
(Kroll, 2009; Skains, 2018). More specifically, it seeks to explore the processes and craft

of creative writers in the field of game narrative to inform and lead a professional writing
project in the digital learning space. This methodology is iterative and messy by nature, as
research and creative writing will alternate, shaped and informed by practice and led by
the needs of the project (Kroll, 2009). Additional to the writing project itself, a record of the
project iterations of the project and thinking processes involved are part of the research
output. The totality of these findings becomes knowledge for wider use in the creative
writing field (Harper, 2009).

The creative writing endeavour of this study fits within the wider context of interaction
design (IxD) research, which studies the relationship between the artefact, the user and

the context or environment (Fallman, 2008). The interactive narratives within this research
project compare an interaction design approach that is proven for a specific context - game
design - and studies its impact in another context: learning design. Additionally, there is a
difference in user. Arguably one could say that a user of an e-learning intervention can be

a gamer in another part of their life, but they will approach the artefact with a different
mindset and often within a different environment (home vs work). This study finds a place in
what Fallman describes as “loops” within his triangle of design practice, design exploration
and design studies (Fallman, 2008).

Discussions around the outputs of research through design for IxD call for solutions to
address the wide relevance of findings, with the dissemination of both tacit knowledge of
experienced practitioners and knowledge acquired through research for the design industry,
design researchers and design teachers. (H66k et al., 2015). Within this discussion, active
sharing of findings within the learning design and game design community through blogs and
presentations at industry events sits alongside academic output throughout the study.

In the initial phase of research, the focus lies on critically gathering best practice narrative
design techniques from game writing practitioners to inform the creative writing iterations.

3.1 Practitioner knowledge sharing as data

Game narrative design expertise has been described as a “double secret art”. The

knowledge of it is often restricted to the empirical knowledge of the practitioner, or guarded
as intellectual property within successful game companies (Roth, Knoller, Koenitz, &
Dubbelman, 2018). While some researchers also work on commercial games, and conversely,
game designers enter into academic programs, most game designers will never author
academic papers (Isbister, Flanagan, & Hash, 2010). This disconnect of knowledge sharing
channels between academia and practice is also noted in other practitioner disciplines,
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such as technical communication, medicine, education and socio-linguistics (Hannah & Lam,
2016). In parallel to these practitioner communities however, game designers are quite
prolific in sharing their experiences with fellow practitioners in other ways, thus providing a
wide variety of data for the study.

In this initial phase, the study examines blog posts on professional websites of individual
designers, game studios and industry sites such as gamasutra.com, and transcripts of talks

at industry events about games and interactive narrative. Blogs provide practitioners with a
platform for unhindered conversations with colleagues and reflection on their own practice.
They are a space where a shared practitioner language is developed (Hannah & Lam, 2016;
Schwartz & Schon, 1987). Other sources for future study may be so-called post-mortem
reports of games, and critical and authorial comments on narratives that incorporate choices,
such as game reviews (Mawhorter, Mateas, Wardrip-Fruin, & Jhala, 2014).

The sheer volume of the materials available online requires strict selection criteria. For the
current research, the focus is on texts where the author provides the reader (or listener
in the case of industry talks) with practical content that can be applied to personal work
immediately: structures, phrases, diagrams, patterns, word choices etc. Words and phrases

that highlight texts as relevant for deeper analysis are e.g. “how to...”, “writing...”, “crafting...”,
“steps for...” and “tools to...”.

Unfortunately, titles of blog posts and event talks tend to be “catchy” to attract an audience,
which makes search actions for this particular content a complex exercise. These types of
texts typically also do not have an abstract. However, the background of the practitioner
experience that supports this study can take advantage of inside knowledge to commence
the search journey. Known names of industry thought leaders on game narrative provide a
starting point to select useful texts, from which a snowballing approach uncovers further
data through their mention of other authors, praises of well-designed games and related
texts.

This is also linked to the selection criteria for retained authors: texts need to be written/
expressed by practitioners, possibly in different roles (researchers, critics, players). The
authors need to actively write for games, more specifically for interactive fiction games
or other story-based games. They need to refer to themselves first and foremost as game
writers or narrative designers.

3.2 Prototyping as a research method

In game design, prototypes are often described as thinking tools in what is called a “wicked
problem space”. Attempts at producing solutions can change the understanding of the
problem and varying the design of a game and studying these iterations is part of game
design. Game designers experiment during their design processes: they add and delete
components, change the way the game interacts with players, modify mechanics etc.
(Lankoski & Bjork, 2015).
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The interactive fiction prototypes developed for this study can be defined as “research
prototypes”: the design experimentation process is used as a research method, where the
iteration of prototypes is planned starting from the initial research question (Eladhari &
Ollila, 2012).

The research questions guide the design process of the prototypes, their development,

the testing, the types of data gathered and how to treat those data. In their turn, the
prototypes may lead to iteration of the research question, a process well established in IXD
research (Fallman, 2008). The goal of the prototyping process is to discover narrative design
techniques that can be used for other scenario-based learning pieces that are engaging,
challenging and aim to achieve specific learning outcomes.

4. The case of choice design

The case of choice design in games has a multitude of facets. It is not only discussed as part
of the craft in creative writing, but also linked to fields of psychology, decision-making theory,
player engagement and character development (Mawhorter et al., 2014; Sheldon, 2004).
Additionally, a learning designer has the educational goal to consider. Most, if not all of their
choices presented to the learner in the course of an interactive narrative need to align with
the learning goals (Dickey, 2006; Shelton & Scoresby, 2011).

Mawhorter et al. (2014) are working towards a “theoretical framework choice poetics”,
which analyses several of the aspects mentioned above, and includes craft advice from
practitioners. Their definition of choice structure framed the more focused design of

the prototype created in this study. The authors define a choice structure as follows: “A
choice structure consists of the framing, options, and outcomes associated with a choice.”
The “framing” can be described as the context, the situation in which a choice is placed.
The “options” are the actual choices the learner can select, and the “outcomes” are the
consequence(s) of selecting either of those choices (Mawhorter et al., 2014).

The next sections discuss two examples of how practitioner techniques can inform the
prototyping exercises. They both illustrate the varied influences which shape the research, as
they are informed by academic writing, a blog post or an industry talk.

4.1 Framing and the use of subtext: an iterative make-over

One of the first texts examined for this study is a talk from AdventureX18 by acclaimed
interactive writer Jon Ingold, titled “Sparkling dialogue: a masterclass”. Jon Ingold from game
studio Inklestudios has co-created and written award-winning narrative games such as 80
Days and Heaven'’s Vault. He has been active in the interactive fiction community for over 20
years and has created many experimental works exploring the genre and its creative writing
aspects. The talk mentioned above uses a crucial scene in the movie “Blade Runner” to
demonstrate how it can be turned into an interactive scene. While the talk focuses on many
elements of choice structure, for this prototype we focused on the principle of “subtext”.

1556



Designing game-inspired narratives for learning

In typical framing text for a scenario, learning designers often err on the side of caution and
shower the learner with information. They provide a full framing of the decision presented.
While they try to engage with the learner by “creating a story”, learning designers often
provide too many details and alienate instead of engaging the learner. While this research
takes its cue for the ‘typical framing’ from many examples of colleagues-practitioners, it is
important to note that even learning industry thought leaders have acclaimed examples of
scenario-based learning that overwhelm learners with details in framing.

The prototype presents a so-called mini-scenario (Moore, 2017), which mostly consists of
framing and one set of options. The choice of topic was influenced by practitioner experience
in the area of Health and Safety training, and more specifically in hospital settings. A familiar
learning challenge in that area was chosen: a slip hazard. The nurse in the prototype story
arrives late for work, and will notice a spill in the corridor — will she clean it up or rush on?
The paragraphs below are the first version.

“Laura has worked as a nurse at Starburst hospital for five years. She is on the early shift
today, but she is running late. There was so much traffic on the Southern motorway today
and her little boy, Jamie, who is 4, decided to protest against the clothes she laid out for him!
Definitely no time for a coffee before her shift starts. She speeds to the ward.”

Improvement for this piece of creative writing is now sought in the techniques described by
the source. In the aforementioned 2018 talk, Jon Ingold tells his listeners to look at subtext.
He challenges them to look at “What is actually happening here?” (00:19:39) and reminds
them that “This is an opening step.” (00:19:39). What is the learning designer trying to do?
They try to build rapport with their learner in their workplace context. This paragraph says:
“Laura is a nurse, just like you, learner and she’s late because of traffic and domestic stuff.”

If we, under Jon Ingold’s guidance look at what is irrelevant to achieve this goal, we can ask
the following questions about the current content: Does it matter how long Laura has worked
at the hospital? Or where exactly she was stuck in traffic? Does the learner need to be
burdened with an additional name, that of her little boy? Not really. It just adds unnecessary
reading effort. Based on those questions, let’s rewrite as follows.

“Laura, a nurse at Starburst hospital, is late for her early morning shift. Her little boy refused
to get dressed and she was stuck in traffic.
Definitely no time for a coffee before her shift starts. She speeds to the ward.”

As a first iteration, it can be noted that it is already much shorter, but it still does not
engage the learner. Jon Ingold tells us that that is a good step to be at:

“now that we have a subtext structure, now that we actually know why we’re here and what
we’re doing and who we are, we actually can add value and make things sparkle. We can
rewrite the crappy lines and make them a little bit better.” (00:43:55)

In line with the title of the talk, we now turn it into dialogue. It provides a change from
running text and gives the opportunity to include a glimpse at Laura’s emotions.

“There goes my morning coffee,” Laura sighs as she rushes to the ward, late for her shift.
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“Ugh! Auckland traffic, and a non-cooperative 4-year old. What a morning.”.

Laura is now ushered in as a living person, by making her lateness a personal effusion and
using a strong dialogue-like expression that makes her talk to the reader. Reflection about
those changes shows that by using the subtext structure, we have written less to write more.
The introduction is a lot shorter, and quicker to read for the learner, but it is more engaging
at the same time. Also, by making some elements more generic, the paragraph connects with
more people. Taking away the details about traffic and the child situation but leaving them

in as a reason for the protagonist’s lateness, allows more readers to feel connected. The
learners may have traffic trouble elsewhere in the city, not on the Southern motorway. They
may have a small child in their family, but they are not the Mum, the child may be a little girl,
not a boy etc. The child they relate to may have been a fussy eater or a bad sleeper, so the
description “non-cooperative” makes that connection with personal experience but does not
provide extra details that may not resonate.

From this writing exercise, three questions emerge that learning designers can use to think
when they write framing text to introduce a decision: “What is the subtext of this scene?”;
“Which details can be generalised so we connect to more learners?”; “Can we draw the
learner in by using a bit of dialogue?”.

4.2 Writing options: descriptive or action-based

This second example works with one aspect of the ‘options’ in the choice structure presented
by Mawhorter et al. (2014). This part of the choice structure is discussed widely by narrative
designers as choices are an inherent part of interactive narratives and games in general. A
blog post by narrative designer Bruno Dias on the Choice of Games website, a platform for
text-based games, provides advice on writing “good choices” (Dias, 2018). The text stays

high level about most aspects of choice design but provides some specific examples for
some. Dias touches on the following themes for options: the number of choices provided

to the learner/player; the text of the choice: a description or a literal action; the length of
the text; balancing choices while considering the hierarchy and relationships of characters;
consistency.

The prototype in this discussion provides a testing space for the text of the choice as
described by Dias. Choices can feel completely different to a learner/player depending

on how they are written, even if the text has the same meaning. Similar to the technique
applied in the previous section, the way of writing a choice can affect learner engagement.

Let’s look at this simple example of the difference between writing an option as a description
of what a player could say to a non-player character (NPC) and writing the choices as the
actual speeches.

In this set of three options, the actions presented to the learner are described:

* You tell him heis lying.
e You tell him he is right.
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¢ You say nothing.

Then, the same options are rewritten, but provide the player with actual speeches.

e “You are a liar!”
e “You are right.”

“" ”
° cee

Bruno Dias warns the game writer that with the action-based options “What you implied
(...)” will linger. They help to make up the player’s image of the character they are playing, of
“what they’re capable of” (Dias, 2018). Reflecting on what this means for a learner engaged
in a scenario-based learning module, it occurs that direct speeches may alien them. In their
work life, with for example clients or colleagues, they may never use such direct speech,

it may not fit their personality type. The descriptive version gives room for imagination

and allows the learner to envisage a speech that conveys the same meaning but fits their
personality and style of conversing.

For a learning design situation, the choice between these two writing styles for options is
often linked to the alignment with learning outcomes. As an example, in a scenario-based
learning module that is designed to train e.g. call centre employees to handle emotional
callers, the literal speeches may be preferable. The module may try to convey the tested and
proven use of phrases that can help in such situations, such as “I hear what you are saying...”,
versus giving the learner a mere description of the speech such as “You acknowledge their
story.” When learning to use specific phrases in specific situations is one of the learning
goals, the learning designer may not want the learner to imagine their own version.

Again, as with the technique discussed in the previous section, we can deduct several
questions for the learning designer to ask themselves: what do you want the learner to do
or say in a real situation?; Is the viewpoint character the learner, or are they a NPC that
the learner makes choices for? How do you want the learner to feel about the viewpoint
character if it is a NPC?

Dias (2018) concludes his advice by mentioning the need for consistency: he advises never
to mix both styles when writing choices. However, several game examples do combine them
with a successful result. In the Titanic interactive story by acclaimed narrative designer
Meghan Jayanth, the choices occasionally combine both types, specifically when there is a
combination of dialogue options and actions. The player may for example have the choice
between two speeches and one action (e.g. walk away). These comparisons of advice by
one narrative designer and actual practice in existing games designer by another expert
practitioner promise to provide interesting iterations in the prototyping phase of the full
study.

5. Conclusion

Narrative techniques used by experienced game designers can help learning designers to
reflect on their writing and to improve the engagement of their audience when they create
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simulations or scenario-based learning. Those techniques can be gathered from practitioner-
oriented sources created by game designer such as blogs and talks at industry events.

Next steps in the present study include the development of testing prototypes of interactive
stories for compassion training in a patient-healthcare provider relationship setting.
Compassion training is a perceived need in healthcare studies and practice, and calls for a
better narrative approach to digital training approaches (Kleinsmith, Rivera-Gutierrez, Finney,
Cendan, & Lok, 2015). Moreover, the ability of games to elicit empathy and related emotions
such as compassion has been the object of different studies (Farber & Schrier, 2018; Isbister,
2016). In this space, it will also be valuable to explore the understanding of compassion as an
internal motivation (Perez-Bret, Altisent, & Rocafort, 2016) and how this can be leveraged by
the concept of intrinsic motivation in game design (Mallon & Webb, 2006).

Reflections on the creative process to compose the actual stories will be journaled to inform
insights in how practitioners can apply the narrative techniques to interactive stories with

a training or learning purpose. Ultimately this study can give rise to a set of guidelines

or heuristics for creative writing that can be used by learning designers. Additionally, a
framework of the effectiveness of particular techniques for specific goals may be derived,
which may have applications in both learning design and game design narratives.
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Abstract: The research presented in this article investigates and discusses the changes
in conception throughout twenty-three product innovation projects. Changes in
conception in the thinking of the designer that leads to novel design concepts have
been investigated mainly in situ through methods such as protocol analysis. However,
scholars emphasized that changes in conception happen over longer periods. For this
reason, the research examined the changes in conception throughout a nine-month
product innovation project. The changes in conception were investigated by identifying
the main word-groups used to describe the design concept at different project stages
and examining when the word-groups changed over the project period. Design
teams produced the reports at specific stages in the project. This consistency allowed
comparing twenty-three projects over three consecutive years. The analysis revealed
specific conditions that facilitate novel conceptual changes necessary to create an
innovative product design concept.

Keywords: reframing; design thinking; engineering design; prototyping

1. Introduction

When do designers have creative leaps that result in new design concepts has been a

long interest in design. Many scholars investigated and developed practices and exercises
which facilitate creative leaps (e.g., Adams, 2001; Arnold, 1962a, 1962b; Arnold & Arnold,
2016; Dorst, 2015; McKim, 1980; Schon, 1983, 1984). For example, research in design
thinking examined the cognitive strategies of problem-solving revealing approaches such

as problem and solution framing (e.g., Dorst & Cross, 2001; Lawson, 1979; Schon, 1983,
1984; Valkenburg & Dorst, 1998). These studies examined the thinking and activities through
direct observations in situ utilizing methods such as protocol analysis. Protocol analysis is a
valuable but highly specific research technique that captures a few aspects of design thinking
in detail (Cross, 2001). However, it is failing to encompass many of the broader realities of
design (Cross, 2001). A particular broader reality is the emergence and evolution of creative

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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leaps in design throughout a longer period. Psychologist and creativity scholars have long
emphasized that creative leaps include a period of incubation of conscious and unconscious
processes (e.g., Koestler, 1964; Wallas, 1926). For example, Arnold (1959) described that
creativity in design requires a questioning attitude and obsessive observations to recognize
patterns in the environment relevant to the solution. These patterns need to be combined
and recombined through mental processes of association to create novel or original ideas
and require prediction to select the most promising ones (Arnold, 1959). In situ observations
examine such activities and thinking of designers in detail. However, they do not observe
how, e.g., conceptions in observation relate to conceptualizing the design of the functional
product system in a later phase. Investigating creative leaps throughout an entire product
innovation project allows identifying the interrelations of changes in the design concept.
Therefore, the research presented in this article examines the changes in the design concepts
of twenty-three design teams throughout a nine-month program. The study investigates
when design teams create and explore changes in the concept of the design within product
innovation projects.

2. Background

The challenge for design teams in creating innovative solutions is to produce a novel and
tangible outcome that is meaningful, manufacturable, and marketable. Several scholars
developed design practices that aim to fulfill people’s needs, while generating feasible,
manufacturable, and marketable product (e.g., Arnold, 1959; McKim, 1959; Srinivasan,
Lovejoy, & Beach, 1997). This creative, experiential, and human-centered design approach
has been cultivated and advanced in design firms such as IDEO (e.g., Buchenau & Fulton Suri,
2000; Fulton Suri, 2003; Gilmore et al., 1999; Hargadon & Sutton, 2000; Leonard & Rayport,
1997; Moll-Carrillo, Salomon, Marsh, Fulton Suri, & Spreenberg, 1995; Sutton & Hargadon,
1996). These specific design practices became widespread under the term Design Thinking
(e.g., Brown, 2008; Leifer & Steinert, 2011).

2.1 Design Thinking as an innovation practice

Innovative design requires (1) novelty through creativity and (2) meaningfulness for people,
feasibility and manufacturability of the technology, and salability of the product system
through a sustainable business model.

Scholars investigated and developed several (1) creative practices in design (e.g., Arnold,
1962a, 1962b; Arnold & Arnold, 2016; McKim, 1980; Schon, 1983, 1984). Arnold (1959,
1962a, 1962b) outlined practice and exercises for developing the creative skills and
abilities in design. He describes the attitudes of questioning, observing, associating, and
predicting in combination with the mental attributes of openness to experience, fluency
and flexibility, and originality (1962a, 1962b). These are based on early creativity research
by Guilford (1950, 1957) and Rogers (1954). This educational approach by Arnold (1962a)
facilitates the development of the inherent creative potential of designers. McKim (1972,
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1980) expanded this practice through visual thinking practices to enable seeing, imagining,
and idea sketching, while Adam (2001) developed strategies in design to overcome blocks
to creativity. Other scholars investigated the problem-solving strategies. For example,
Schon (1983, 1984) examined and outlined the reflective practices of framing, moving, and
reflecting to create different design concepts to solve complex problems. Based on Schon’s
(1983) work, Dorst and colleagues expanded the reframing practices (Dorst, 2015; Dorst

& Cross, 2001; Valkenburg & Dorst, 1998). These mental activities, such as association and
visual imagination, are conducive to creativity. Specific practices and techniques such as
brainstorming, Morphological analysis, visualization, and prototyping activities assist these
mental activities (e.g., Adams, 2001; Arnold, 1962b; McKim, 1980).

Furthermore, product innovation requires (2) meaningfulness, feasibility and
manufacturability, and salability. The above described creative design practices were
advanced through practices such as need-finding that aim to fulfill human needs (Faste,
1987; McKim, 1959). This practice enables the design of meaningful concepts for people.
Srinivasan et al. (1997) developed practices to generate manufacturable and marketable
products based on design activities such as prototyping. These specific design activities aim
to enable the (1) creative mental activities (thinking) and the (2) development of human-
centric, technologically feasible, and business viable design concepts (outcome). Figure 1
illustrates this interrelation between design outcomes and design activities and thinking.

Product Innovation Project

Desi . N .
Design outcomes es;grr;r:r;)otject e »| Design Concept |- Design Concept |- -..p| Design Concept |-, o Flrézlnlz::ltgn

Design . Design " Desi . Desi, i i

Design activities assess cycle build test| Cyci build test :;in build test| Ceysé}gen :}Zi" build
& thinking
reflect design reflect design reflect design reflect design
Conceptual change Conceptual change Conceptual change Conceptual changes

Figure 1 lllustrates how a design prompt or design concept turns into action, learning, and new

outcome. Each cycle aims to generate changes in the design concept. Each conceptual
change results from the learning from previous concepts in combination with new
learnings based on the design activities.

Figure 1 illustrates the design cycle as a step process. However, in reality, activities occur
simultaneously and represent attitudes of the designer’s mind and not step-by-step
processes (e.g., Arnold, 1959; Black, Bayley, Burns, Kuuluvainen, & Stoddard, 1994). In the
iterative design cycles, creative leaps based on conceptual change in the thinking of the
designers are essential to produce a novel design concept. As discussed above, specific
creative design activities facilitate changes in conception in design. By facilitating design
teams in these specific practices, they experience and learn Design Thinking as an innovation
practice while attempting to create innovative products.

2.2 Facilitating Design Thinking

Several scholars developed project-based and experiential learning approaches to facilitate
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the learning of the creative and human-centered engineering design practice to develop the
necessary skills and abilities (Dym, Agogino, Eris, Frey, & Leifer, 2005; Leifer, 1998; Wilde,
Faste, & Roth, 1994). As illustrated in Figure 1, this experiential learning follows a learning
cycle of design-build-test in a collaborative environment (Leifer & Steinert, 2011). Formal,
informal, and experiential knowledge creation facilitates the learning process of the design
practice (Eris & Leifer, 2003). Figure 2 illustrates the three learning loops that enable the
design team in their experiential learning and innovation challenges.

FORMAL : INFORMAL
Discipline !
Curriculum : Formal Content
" Learningloop 1

Process Content

|

|

I .

| l Learning loop 2

| Learpthg i
Instrygtion [ MediNor Learners Knoyfedge

|

|

N N Design #Design
Course T~l__| Coach :% Team é tivity

I
! A Informal Content D
I

Learning loop 3

Figure 2 llustrates the three learning loops of formal, procedural, and experiential knowledge
in the education of Design Thinking teams. Based on Eris & Leifer (2003) and Leifer &
Steinert (2011).

In these learning loops, the coaches are the learning mediators for the design teams. They
provide formal knowledge such as expert knowledge in the form of conceptual models

and codified specific design practices and informal knowledge such as procedural support.
The coaches enable the design teams in their design activates and experiential learning. At
different points of the innovation project, specific Design Missions support in the facilitation
of the design team practices of exploring people’s needs, functionality, manufacturability,
and marketability. Design Missions aim to enable teams to explore different areas of the
design space and encourage them to tackle different design challenges (Bushnell, Steber,
Matta, Cutkosky, & Leifer, 2013). Figure 3 shows this facilitation, and Table 1 outlines the
Design Missions.

Product Innovation Project

. Design Project . . . Final Design
Design outcomes| ~— = 7T by »| Design Concept f--wweeeeeeeed Design Concept |----cvvveeet Design Concept | B e >

g Prompt esign Concept » Design Concept » g p Concept

Design Design Design Design Design

Design activities Cycle Cycle Cycle Cycle Cycle

& thinking

NeEd‘ﬂ"di”V' Benchmarl ki"y‘ Critical Experienc/ / ."
Facilitation | Coaching & Design Missions ‘

Figure 3 shows the facilitation of the thinking and activities of the design teams through specific
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Design Missions.

Table 1 Design Missions in the Design Innovation course ME310 (Domingo et al., 2020)

Design Mission

Challenge

Description

Paper bike Learning of the  The paper bike challenge is an initial exercise to provide the

(not included in design cycle student teams with the experience of how designers frame,

the analysis) act, reflect, and reframe to create a design solution for the
competitive and fun pre-determined game.

Needfinding Identify Needfinding reveals needs and explores the context of

(NF) people’s needs the person/people for whom to design for by observation,

intervening, engaging, and ethnographic interviews.

Benchmarking
(BM)

Evaluation
of existing
solutions

Benchmarking is a physical activity to learn what existing
solutions solve the problem and what they do poorly.

Critical
Experience
(CEP)

Evaluation of
experience of
users

The critical experience prototype involves creating an
experience that answers a particular design question (why)
about people’s behavior in relation to the aspect of a design.
The CEP often utilizes the Wizard of Oz prototyping approach.

Critical Function
(CFP)

Evaluation of
functionality of
the design

The critical function prototype is a physical artifact with
the focus on how a design function is needed to deliver the
experience.

Dark Horse (DH)

Exploration of
risky ideas after
design vision
has established

Design teams intentionally explore a concept, technology, or
idea that would have otherwise not been seriously considered
as it is considered unrealistic, too risky, radical, or challenging
to implement (Bushnell et al., 2013). It aims to keep the
ambiguity high by keeping the conceptual solution space from
narrowing down too quickly.

Funky (Funk) Exploration of  The funky systems prototype is bringing together parts
a low-fidelity into a physical system in a manner without making a costly
physical system commitment. It is a rapidly assembled concept prototype that

allows evaluating and testing of the physical system.

Functional Development of The functional systems prototype helps to decide what the

(Func) product system system should encompass, the scope, and the joint vision

of the design project. It links the human need with major
technical issues.

Part X Development of Part X aims to go from a late-stage prototype to a final
the critical part  prototype by getting a vital part of the system done early

enough to start undergoing refinements.

Penultimate Finalizing design Penultimate aims to increase the chances to produce a
concept and polished final product for the final deadline by “freezing” the
story design concept.

Final (EXPE) Presenting the  The EXPE includes presenting the final design to the industry

final concept

partner.

For each of the different Design Missions, as outlined in Table 1, design teams captured the
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created design concepts in “Design Mission reports.” These reports are the data basis of this
study. The examination of the reports allowed identifying changes in the design concepts
throughout the entire product innovation project.

3. Methodology

The study was conducted in the Design Innovation course ME310. ME310 stands for
Mechanical Engineering with class number 310. Jim Adams established the course in 1967.
Adams started the course as he was unhappy with the no hands-on engineering curriculum
(Carleton, 2019). Today, ME310 is a three-quarter engineering design course, in which
graduate students need to design and develop breakthrough design concepts for industry
partners. They work in collaboration with a student team from other universities, which are
located in different countries throughout the globe (Larsson et al., 2003).

Students are facing real-world design challenges sponsored by a corporate partner, which
in the past included companies such as SAAB, Microsoft, GM, Volvo, Huawei, AUDI, and
Siemens. These design challenges are similar to real-world design projects in the industry
as insights are ambiguous, the goals are not clear, and tasks are open-ended (Jung, 2011).
The product development is usually performed by three to four students at each university.
Teams are self-organized and are supported by Professors and Teaching Assistants of three
alumni who have completed the course in one of the previous years (Jung, 2011). The
assigned remote partner team is supported by a similar staff set up, although the curriculum
and design focus can vary from university to university. The context in which student teams
are embedded in is shown in Figure 4. This case allows examining the change in conception
as design teams are required to come up with a novel design that fulfills a need or solves a
problem within real industry partner projects.
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Figure 4 Shows the wider context in which the graduate student design teams are embedded. It
illustrates the support and collaborative environment of ME310.
3.1 Study design

The research investigates the creative leaps in the thinking of the design teams indirectly by
examining the changes in the design concepts described in the Design Mission reports, as
illustrated in Figure 5.

(Design Mission X) (Design Mission Y)
Design Concept A Design Concept B
Design Outcome (Physical designs & |+« vxeeerrrerenieees »  (Physical designs &
descriptions in reports) descriptions in reports)
A A
l External
v .
environment
. R Design team Design team
Design Activities -+ en k gn &
activities activities
Internal
A A .
experience
(black box)
Thinking & Emotions _ Change in
(Mental models) Prior d conception
learnings

lllustrates a simplified representation of the change in the design concept. Each
conceptual change is facilitated by the learning from past design activities and/or
triggered by a specific design practice that leads to new learnings. The model is based on
the single and double-loop learning model that incorporates a change in mental models
(thinking) or changes in activities (action) to produce a change in outcome (design
concept) (Argyris, 1976, 2002; Argyris & Schén, 1989, 1992)

Figure 5
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These changes are triggered through external stimuli such as conversations and produced
through internal mental activities such as imagination. For the design teams to explore and
create novel design concepts, the design teams have to recognize the information and decide
to act on it consciously. Each Design Mission report describes the consciously explored and
created design concepts. The study was designed to examine the reports of each Design
Mission through a Computer-Aided Text Analysis (CATA), which allowed investigating the
changes in conception indirectly throughout the innovation project.

3.2 Sample and secondary data

The study incorporates a sample size of twenty-three design projects representing twenty-
three teams of three consecutive years. The study included a total of two hundred thirty
reports. The three years were chosen as all relevant reports were available. Design projects
from other years were not included due to one or more missing reports.

3.3 Data analysis

The analysis was designed to examine conceptual changes throughout the innovation
project. Table 2 shows three design concept examples resulting from three different Design
Missions. Each design concept is represented as a physical design (pictures in Table 2
Examples of Design Concepts and two types of abstraction (text sample and word-groups))
and the descriptions in the Design Mission report (“Text in the report” in Table 2 Examples
of Design Concepts and two types of abstraction (text sample and word-groups)).
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Table 2 Examples of Design Concepts and two types of abstraction (text sample and word-
groups)
Design  Critical Experience Critical Function Prototype Dark Horse Prototype (DH)
Mission Prototype (CEP) (CFP)
Design ~ 1.

Concept

Text “[...] to create furniture “[...] for our CFP, we explored  “[...] while successful, the

in the forms, we placed the the concept of artificial assembly process company

report frame and pellets into  elegance as a means of adding name has developed could
vacuum-formable bags perceived value to ‘company  be improved greatly. The

and had users sit or name’ furniture. [...] We introduction of a universal
otherwise interact with improved the aesthetic of a fastener, the metal snap,

the forms to create ‘table name’ table by [...].” could revolutionize the very
personalized vacuum- definition of assembly. Snaps
formed prototypes. could mark the end of the
[..]” [...] assembly process that

accompanies the majority of
Company name’s products.”

Word- Furniture, Create, Table, Improve, Elegance, Snap, Assembly, ‘Company
groups Form, Pellets, and ‘Company name, and name, Metal, Process,
Vacuum ‘“Table name’ Fastener, Improve, and

Magnet, Prototype

The Design Mission reports were analyzed through a CATA. Firstly, the reports were analyzed
independently to identify the main word-groups that represent the design concept, as
exemplified in Table 2. Representing the design concept through key word-groups identifies
the main aspects of the design concept and, at the same time, reduces the information

and meaning. This reduction is a limitation of the study. However, it allowed examining
conceptual changes through the CATA.

Secondly, changes in word-groups from one design concept to another allowed the
identification of the conceptual changes. For example, the design concept in the Design
Mission CEP is a furniture that is created easily from pellets and vacuum-formable bags,

as outlined in Table 2. The word-groups representing this design concept are Furniture,
Create, Form, Pellets, and Vacuum. The next Design Mission of CFP explores the elegance
and aesthetics of a table to improve the specific table of the company. The word-groups
representing this design concept are Table, Improve, Elegance, ‘Company name,’ and ‘Table
name.’ The difference in word-groups indicates that the team had a change in conception
and explored a different concept in the CFP Design Mission in comparison to the previous
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concept in the Design Mission CEP. Table 3 outlines the several steps of this data analysis.

Table 3

Data analysis process to identify conceptual changes throughout the innovation process

Steps

Description

1. Determining
the preliminary
word groups

NVivo performed an automatic grouping of words sharing the same word stem.

¢ Nouns, adjectives & verbs sharing same word stem

¢ Word length > 2 letters

¢ Numbers (“111”) and self-defined stop words (“http”) not
considered

2. Determining
uniformed word-
groups

Comparison of word-groups across all reports, teams, and years to determine
uniformed word-groups.

¢ Visual thesaurus was used to determine the related word-groups

3. Normalizing
word-groups

The Weighted Percentage (WP) was calculated (number of the words of a word-
group relative to the total number of words in this report).

4. Determining
key word-groups

The top five word-groups by WP per report were identified. These word-groups
represent the main aspects of the design concept.

e A word-group is considered in the top five if its WP is among the
five highest in at least one Design Mission report.

e When two or more word-groups share the 5th rank due to the
same WP, they were all included in the analysis.

¢ The top five word-groups from each report were included in the
analysis of all reports.

5. Conceptual

Conceptual changes are the top five word-groups that change from one Design

changes Mission report to another Design Mission report
e Conceptual changes are presented in percentage (%)
6. Novel The percentage of novel conceptual changes is identified in each Design
I . Novel top five word-groups
conceptual Mission as follows: Total top five word-groups
changes

¢ Novel top five word-groups do not occur in the previous Design
Missions reports
¢ Results presented in Figure 6

7. Reemerging
conceptual
changes

The percentage of reemerging conceptual changes is identified in each Design

Mission as follows: Repeating top five word-groups
Total top five word-groups

¢ The reemerging top five word-groups do not occur in the previous
Design Mission report and occur in one of the Design Mission
reports before the previous one.

¢ The previous Design Mission report is excluded to identify the
conceptual change and not repeating of same/similar concepts

* Results presented in Figure 7
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8. All conceptual  The percentage of all conceptual changes is identified in each Design Mission as
changes follows: All top five word-groups representing a conceptual change

Total top five word-groups

¢ All top (novel and reemerging) five word-groups that do not occur
in the top five word-groups of the previous Design Mission report
and might occur in the top five word-groups of the Design Missions
report before the previous one

¢ Results presented in Figure 8

4. Findings
The CATA identified (1) novel conceptual change, (2) reemerging conceptual change, and (3)
all conceptual changes throughout the product innovation project.

4.1 Novel conceptual changes in the design

The result of the analysis of the novel conceptual changes is illustrated in Figure 6

Shows the average of novel conceptual changes in all twenty-three design projects. All word-
groups in the Needfinding Design Mission are novel (shown as 100%) as there is no previous
Design Mission.. Figure 6 shows the average of the novel conceptual changes of all twenty-
three projects.
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10%
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Figure 6 Shows the average of novel conceptual changes in all twenty-three design projects. All
word-groups in the Needfinding Design Mission are novel (shown as 100%) as there is no
previous Design Mission.

Figure 6 indicates that in the first Design Missions of Needfinding (NF), Benchmarking (BM),

Critical Experience Prototype (CEP), and Critical Function Prototype (CFP) design teams
explore several novel concepts. These missions include identifying people’s needs and their
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critical experience to define the innovation opportunity. It is an open exploration to define
the design vision.

Figure 6 reveals that the Dark Horse and Part X Design Mission is facilitating novel conceptual
changes. This finding shows that design teams explore novel concepts when pushed by

the Dark Horse into exploring very risky, radical, or challenging ideas. The increase in Part

X in Figure 6 indicates that the pressure of finalizing the product concepts facilitated the
exploration of novel conceptual changes by the design teams.

4.2 Reemerging conceptual change in the design

The result of the analysis of reemerging conceptual change is illustrated in Figure 7

Shows the average of reemerging conceptual changes in all twenty-three design projects.
The analysis identifies the reemerging change by comparing a “Design Mission Z” with the
“Design Mission X” that occurs before the predecessor of the “Design Mission Z.” As a result,
the first two Design Missions of Needfinding and Benchmarking have the value zero percent
(0%).. The figure shows the average of the reemerging conceptual change of all twenty-three
projects.
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Figure 7 Shows the average of reemerging conceptual changes in all twenty-three design
projects. The analysis identifies the reemerging change by comparing a “Design Mission
Z” with the “Design Mission X” that occurs before the predecessor of the “Design Mission
Z.” As a result, the first two Design Missions of Needfinding and Benchmarking have the
value zero percent (0%).

Figure 7 shows that design teams reconsider previously explored concepts throughout the
design project. Design teams reconsider previously explored concepts in particular in the
Dark Horse, Funky, and Functional Design Mission. In these Design Missions, teams explore
design solutions of previously identified opportunities, problems, and needs of people.
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Interestingly, the Penultimate Design Mission reconsiders a large amount of previously
considered design concepts. This result occurs as the design teams reflect on the entire
project to convey the learnings into a story to communicate the final design concept.
Storytelling is essential to communicate the design concept’s purpose, meaning, and value
successfully by outlining the identified needs of people or problems that the design concepts
fulfill or solves.

4.3 All conceptual changes in the design

The result of the analysis of all conceptual changes is illustrated in Figure 8. The figure shows
the average of all conceptual changes in all twenty-three projects. Figure 8 illustrates that
conceptual changes in the design are not a single or isolated activity of a creative phase

that is followed by an implementation phase. Concept changes are interlinked and emerge
through every iteration of a design cycle. It also shows that design teams, on average, never
abandon all concepts and start from new.
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Figure 8 Shows the average of all conceptual changes in all 23 design projects. All word-groups in
the Needfinding Design Mission are novel (shown as 100%) as there is no previous Design
Mission.

5. Discussion

In overall, the findings revealed that design teams explore novel concepts in the (I) early
phases of a design project, (Il) when exploring risky or radical ideas, and (lll) before they have
to finalize the design concept. The findings revealed that (IV) conceptual changes intertwine
throughout the entire innovation project. They are not isolated activities of creativity
followed by implementation. The last main finding was that (V) reflecting the entire project
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allows creating a story to communicate the final design concept. The next paragraphs discuss
each main finding in more detail.

5.1 Explore the problem space by questioning the challenge

Arnold (1962a, 1962b) described two essential aspects when creating innovation in design.
These are a questioning attitude in combination with thorough observation, and the
challenge should be defined as broadly as possible to allow many possibilities. The findings
in this study indicate that design teams firstly explore novel concepts in the early phases of
the innovation project and, secondly, reconsider these conceptions when exploring solutions.
These findings show that design teams utilize the early learnings and conceptions when
creating novel solutions. Without these experiences of exploring novel design concepts,
teams would not be able to reconsider and recombine these prior learnings. If teams were
not able to explore novel concepts in the early phases, they would not have the same
amount of novel conceptions to utilize to create novel solution concepts. In ME310, coaches
expect and support the design teams in the exploration of the problem space by questioning
the given challenge and discovering real-world problems and needs of people. Einstein &
Infeld (1967) expressed this questioning attitude as follows:

“The formation of a problem is often more essential than its solution, which may be merely
a matter of mathematics or experimental skill. To raise new questions, new possibilities, to
regard old questions from a new angle, requires creative imagination and marks real advance
in science.” (Einstein & Infeld, 1967)

The same applies when designing innovative products as otherwise, the design activities
become merely the execution of a problem-solving task. Design teams reconsider and
explore previous concepts during the exploration of solutions. Previously identified and
defined conceptions of opportunities, problems, and people’s needs are part of the
exploration of creating an innovative design concept. An essential condition for exploring the
problem space is both the permission and expectation to question and broaden the given
challenge through exploring real-world conditions.

5.2 Bet on the Dark Horse

Another interesting finding was the occurrence of conceptual changes through the Dark
Horse Design Mission. This mission challenges teams to explore novel concepts after the
formation of the design vision. The Dark Horse was created by Prof. Mark Cutkosky in 1999
to explicitly investigate the unlikely or unconsidered ideas to “colonize” the Design Space
(Bushnell et al., 2013). Design teams expressed the experience of the Dark Horse Design
Mission as follows:

“The psychology of releasing the expectations while simultaneously pressuring teams to do
the impossible pays off in nearly every project. This is even more significant because it occurs
after the teams have already developed notions of what the product’s potential value may
be.” (Bushnell et al., 2013)
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The Dark Horse is a design practice that pushes design teams to explore the perceived
impossible. The conditions of psychological safety and pressure to be able to explore risky
ideas enables design teams to explore novel design concepts. Bushnell et al. (2013) outline
several Dark Horse case studies that demonstrate the results. The Dark Horse Design Mission
can facilitate conceptual changes beyond the obvious ideas, first solution, or blocks such as
over-motivation as described by Adams (2001).

5.3 Last-Minute Conceptual Changes

The occurrence of novel conceptual changes in the Part X Design Mission is an interesting
finding as it is the last phase in which design teams can explore novel concepts. Team
members described that the psychological sensation of the feeling of pressure to finalize the
design concept pushed them into exploring novel concepts. Last-minute novel conceptual
changes occur under conditions such as the designed solution does not meet the expectation
or design teams receive essential insights that need to be incorporated in the design. The
finding indicates that time pressure and expectation drive conceptual changes in the design
in last-minute situations.

5.4 Hunter-Gatherer

The findings revealed that conceptual changes intertwine throughout the entire innovation
project. Design teams utilize learnings and conceptions from previous design cycles in

later cycles. This phenomenon has been described by Steinert & Leifer (2012) as a Hunter-
Gatherer Metaphor, as illustrated in Figure 9. With each design cycle, design teams make a
new conceptual discovery that changes the design concept into a new direction. It requires
exploring new directions (concepts) and change direction (act on the change in conception)
with each learning. This creative practice requires both the mindset and environment of
permission (psychological freedom) and expectation (motivation) to explore and create “the
really big idea.”
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Hunter-Gratherer Model
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Figure 9 Illustrates the Hunter-Gatherer Metaphor. The metaphor emphasizes that in education
and businesses, there is a need to permit and facilitate people to go hunting to enable
innovation (Steinert & Leifer, 2012).

The following questions and questioning attitude enable the mindset for hunting
breakthrough ideas. Firstly, the question of “why are people doing what they are doing

and what is missing in their lives?” allows exploring unmet human needs. This step follows
by asking, “what are we going to do to fulfill these needs?” This question allows defining
interesting directions to explore them to create a change in conception. “How are we going
to do it?” enables exploring the concept. Reflecting on “what have we learned?” enables
externalizing the experience into a concept and new direction. It is a “dance” that requires
creativity to explore interesting directions in the design space by creating changes in
conception and act on it.

5.5 Storytelling as part of the final design

Reflections and reconsiderations of several conceptions enable designers to tell a meaningful
story about and through their design. This storytelling is essential in communicating the
purpose, the why of the design. Why is this design useful? Why does it meet a need or solves
a problem? Why was it designed this way and not that way? These Why-questions of the
design make the conceptions explicit and provide meaning when communicating the final
design concept to an audience. Reflection and storytelling reveal the underlying conceptions
and allows communicating the meaning of the design.

6. Conclusion

The research presented in this paper indicated the importance of permission (psychological
freedom) and challenge (motivation) to create changes in conception in design. In science,
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Posner, Strike, Hewson, & Gertzog (1982) expressed four main conditions that lead to
conceptual changes. These are dissatisfaction with existing conceptions, a new conception is
intelligible, a new conception appears initially plausible, and a new conception suggests the
possibility of a new area of inquiry. In design, the conditions for changes in conceptions are a
guestioning and observation attitude to explore real-world conditions, proactive exploration
through impulse and motivation, and permission by betting on the Dark Horse, and reactive
exploration of last-minute conceptual changes. These interlinked novel conceptions produce
the innovative product design concept.

Design education programs in engineering, architecture, business, and other design-related
practices that aim to facilitate experiential learning in Design Thinking and the generation
of creative design concepts can incorporate the outlined practices that facilitate changes
in conception. Enabling these creative design practices requires cultivating the coaching
practices that facilitate psychological safety and freedom and encouraging design teams to
explore new directions. The coaching includes expecting innovation (motivation), enabling
design teams to explore and hunt (psychological freedom) and assist in the design practice
(Design Missions). The practices and conditions facilitate the design teams in their dance
with creativity. However, there is no guarantee of innovation. The dance with creativity in
Design Thinking increases the chance of creating a novel product design concept that is
meaningful, manufacturable, and marketable.

Acknowledgments: The authors would like to thank the wider community of the design-lab,
Center for Design Research and Design Group.
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Abstract: This paper critically examines brainstorming going back to the original
sources to assess its origins and the origins of its systematic study. It identifies the
“nominal groups” fallacy that is often used to discredit this ideation method and reviews
evidence that supports the key principles behind group brainstorming. Lessons for a
future design-led agenda of universal creative literacy are discussed. Brainstorming
appeared eighty years ago, and it is abundantly clear that it works when properly
conducted. The substantial challenges that we face in the next eighty years require the
power of collective creativity. Properly conducted creative literacy is a strategic priority
for the twenty-first century.

Keywords: creativity; ideation; research methods; primary sources; brainstorming

1. Introduction

To brainstorm refers colloquially to the action of generating new ideas by having a group
discussion to solve a problem®. Canonical definitions depict brainstorming as a mode of
problem-solving by means of “a group discussion of spontaneously arising ideas”2. Whilst
widely used in design practice (Elsbach and Flynn, 2013; Shroyer, Lovins et al., 2018),

some critics discredit brainstorming citing studies that claim that, compared to individuals
generating ideas in isolation (called nominal groups), group brainstorming generates fewer
ideas and of lower quality on average in the same length of time. Notwithstanding the
conceptual and methodological complexities of defining and evaluating early ideas (Sosa,
2019a), we critically interrogate here the use of so-called nominal groups in studies of group
ideation performance. In this paper we go back to the primary sources to critically examine
the study of brainstorming and to sketch pedagogical and research paths for future work.

Although everyday definitions of brainstorming tend to characterise it as a spontaneous and

1 Merriam-Webster Dictionary definition https://www.merriam-webster.com/dictionary/brainstorm

2 Oxford Dictionary definition: https://www.oed.com/view/Entry/304150
This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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impromptu activity, in a more rigorous sense the term refers to a well-structured technique
for “idea finding” created in the 1930s (Osborn, 1963). Osborn drew on professional
practices in advertising to formulate rules and guidelines to plan, prepare, and conduct
“brainstorm sessions”. A primary recommendation for this technique is to conduct a “triple
attack of individual-group-individual ideation” (p. 191) given that both group and individual
ideation “can be just as productive” (p. 191). By the 1950s brainstorming had become “too
popular too fast” (p. 152), resulting in it being misused and often unable to meet inflated
expectations (Osborn, 1963). Around that time the first experimental studies concluding
that “group participation when using brainstorming inhibits creative thinking” (Taylor, Berry
et al., 1958, p. 23) gained traction and influenced derivative studies over six decades giving
brainstorming a bad name (McCaffrey, 2014).

This paper starts by revising the original formulation of brainstorming and the extent to
which it has been empirically studied in valid ways. It then delves into brainstorming with
three goals in mind: first, it seeks to demystify it and treat it more rigorously as a structured
ideation method. It does this by returning to the primary sources to inform a critical review
of the related literature. Second, the paper seeks to inform a program of inquiry that
addresses open questions on how to aptly conduct brainstorming. These two goals address
questions of whether group brainstorming works and questions of how to do, study, and
teach it. In our experience, ideation methods such as brainstorming can enable participants
to exercise their creative capacities. Therefore, our third goal here is to reflect that if/once
people can become more creative aided by a competent use of methods, then why, when,
and what for could this massive creative power be used in the twenty-first century as we
face an existential threat fuelled by a planetary climate emergency and the entrenchment of
fascist and patriarchal agendas.

2. The origins of an octogenarian

“Idea-producing conferences” originated in contrast to “conventional conferences”
(meetings), and in 1938 participants named them after their value to use “the brain to storm
a problem” (Osborn, 1963, p. 151). This octogenarian workplace technique has precedents
in ancient traditional practices where groups discuss and collectively generate ideas to tackle
difficult challenges. Prai-Barshana is mentioned as a centuries-old practice in India that
explicitly separates generation and evaluation of ideas (p. 151). “Brainstorm sessions” were
presented with the aim to formulate the “conscious ways” in which creative people establish
a “working mood” to carry out “idea finding efforts” (p. 118). The following principles and
rules for brainstorming were postulated (Osborn, 1963):

¢ Novelty needs to be subject to “the most impartial scrutiny” because new ideas
tend to be “worthless or because we shall not know how to elicit their value”
(p. 130). All new ideas need, therefore, to be “sceptically entertained... for the
thousandth idea may be the one that will change the world” (p. 130).

e Brainstorm sessions are intended to storm a problem, i.e., to produce “a checklist
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of ideas” that can “serve as leads” to be “subsequently evaluated and further
processed” (p. 152).

Group ideation is “relatively fruitless” unless participants understand and
“faithfully follow” these rules: rule out criticism; welcome “free-wheeling” (wild
ideas); pursue quantity; seek to combine and improve ideas (p. 155). These have
become known as the “four rules of brainstorming” (p. 155).

Associative thinking is singled out as a key group mechanism to trigger a “chain
reaction”. The resulting ideas, or “hitch-hikes”, can account for up to one-third of
all ideas (p. 154). This process of “re-processing ideas by means of modification
and combination” can transform “mediocre ideas into sterling ideas” (p. 158).

Four key guidelines are recommended to prepare creative sessions (Osborn, 1963):

It is important to adequately formulate the problem to be stormed in a session.
The problem needs to be specific and narrowed down to “a single target” (p.
158). A brainstorm session can be “successfully devoted solely to breaking down a
broad problem” to make it more suitable for a creative session (p. 173).
Participants are supplied a background memo “at least two days in advance of
the session” (p. 175). This memo of “not more than one page in length” serves to
orient participants and to let them “sleep on the problem thus allowing incubation
to enhance the workings of association” (p. 174).

The panel leader (facilitator) develops in advance their own list of ideas. If and
when a session slows down or gets off the track “the leaders can prime the joint
flow of ideas by contributing some of their own” (p. 175).

Leaders use their own list of ideas to prepare leads that they can suggest during

a session “by way of classifications or categories” (p. 172). They also prepare
“idea-spurring questions” to move a session forward, such as “Put to Other Uses?
Adapt? Magnify? Reverse? Combine?” (p. 175).

Five recommendations are offered to conduct creative sessions (Osborn, 1963):

Participants only offer “one idea at a time” (p. 176). To achieve this, they are
encouraged to “make notes of ideas they plan to offer when their turn comes” (p.
177).

Turn-taking is expressly recommended to create opportunities for “hitch-hikes” by
idea association, thus encouraging ideas that are “directly sparked by a previous
idea” (p. 176).

The leader monitors and incentivises the “spirit of a brainstorm session” (p. 157)
for which both self and “mutual encouragement” are crucial (p. 157).

A secretary captures all the ideas in ways that are “reportorially -not word for
word” -brainstorms can also be audio recorded (p. 177).

In closing, participants are thanked and directed “to keep the problem on their
minds until the next day when they will be asked for their afterthoughts” (p. 178).
A list of all the ideas is sent to participants asking them to reply with new ideas
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formed after the session (p. 179).

To conclude this recount of the primary source where brainstorming was presented (Osborn,
1963), the following key points are noted:

e The purpose of brainstorming is manifold: besides generating a check-list of early
ideas, these sessions can be “tools for improving morale”, they allow participants
to discover “what people think about problems”, they allow them to “gain a better
understanding of each other”, they can also produce enjoyment (p. 189), and they
can supplement creative training (p. 192).

e Crucially, throughout the book Osborn explicitly indicates that “group
brainstorming is recommended solely as a supplement to individual ideation” (pp.
141, 143, 191).

e When properly conducted, group brainstorming “can produce far more good ideas
than a conventional conference -and in less time” (p. 152).

e Brainstorming can be directed to produce different types of ideas including
“planks for plans”, “check-lists to stimulate further thinking”, and “approaches to
solutions” (p. 192).

e To evaluate ideas from a brainstorm as initial leads for further processing, “the
surest method of evaluation is to put our ideas to test. And the task of thinking up

the best way to test is a creative challenge in itself” (p. 118).

From these steps and suggestions to plan and prepare, lead, and follow-up ideation
sessions, it is clear that critical factors for success include participant training and leadership
(facilitation) of a session. From its origins, the brainstorming method had a structure derived
from practice.

As it became adopted in professional fields during the 1950s, scholars directed their
attention to empirically evaluate the claims of brainstorming. Rather than studying the
practices of brainstorming, early researchers decomposed and selectively studied some of
the underlying mechanisms in isolation (Taylor, Berry et al., 1958; Meadow, Parnes et al.,
1959; Parnes and Meadow, 1959; Cohen, Whitmyre et al., 1960; Parnes, 1961; Weisskopf-
Joelson and Eliseo, 1961; Gurman Jr, 1962; Dunnette, Campbell et al., 1963). Most of these
laboratory studies applied quasi-experimental methods studying undergraduate students
randomly assigned to experimental conditions. Researchers instructed brainstormers to
generate ideas in response to a brief, assigned them a time limit of five to fifteen minutes,
and gave them a compensation. The ideas they produced were counted and judged by a
panel for originality, uniqueness, appeal, feasibility, and/or value.

These research efforts misconstrued a brainstorm as an experimental session and selectively
focused on some of the rules and guidelines to storm a problem. Specifically, they failed to
provide the brief to participants in advance, considered critical for priming and for individuals
to prepare for a group session. They also failed to include the strategically important role of
facilitation or leadership and instead simply instructed participants to ideate and left them to
their own devices. Lastly, the ideation tasks in these studies are fun but inconsequential toy
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exercises that are either too general and open-ended like the Tourist and Teacher problems
(Taylor, Berry et al., 1958), implausible imagination exercises like the Thumbs and People
problems (Taylor, Berry et al., 1958), or aimless divergent reasoning tasks like the Hanger
and Broom problems (Taylor, Berry et al., 1958). For the last four decades, researchers have
pointed that the study of brainstorming has failed to acknowledge and apply the guidelines
to properly conduct it (Jablin and Seibold, 1978; Kalargiros, 2014). As a result, these studies
ended up testing “quasi-brainstorming procedures” (Jablin and Seibold, 1978, p. 350).
Designed with questionable procedures, their findings and conclusions are problematic.

3. The origin of the “nominal group” straw man

The early studies of brainstorming were motivated by a range of goals including: a
comparison of individual vs. group performance measured as idea productivity and

various criteria of idea quality such as originality (Taylor, Berry et al., 1958); the effects of
brainstorming vs. “non-brainstorming” ideation instructions (Meadow, Parnes et al., 1959;
Parnes and Meadow, 1959)0022-0663(Print; the effects of group cohesiveness and types of
task (Cohen, Whitmyre et al., 1960); the effects of the “rule out criticism” rule (Weisskopf-
Joelson and Eliseo, 1961); the effect of time limits (Parnes, 1961); and the effects of
homogeneous vs. heterogeneous groups and self, interaction, and task orientation (Gurman
Jr, 1962).

Of these, (Taylor, Berry et al., 1958) became by far the most highly cited. That study initially
reports that “on each of the three problems the mean total number of ideas produced by
the twelve groups was considerably larger than the mean number produced by the forty-
eight individuals, the difference being highly significant... on all three problems group
performance is clearly superior to individual performance” (p. 34). Taylor, however, decided
to incorporate the construct “nominal groups” from previous work on problem solving
(Taylor and McNemar, 1955). Nominal groups are formed after the experiment is completed
by adding the responses from the same number of individuals as the size of the real groups.
The researchers then score the performance of nominal groups “by assuming that if any one
in the group solved a particular problem, the group solved it” (Taylor and McNemar, 1955,
p. 476). With this setup to compare nominal vs. real groups brainstorming, the study found
the performance of the real groups to be “markedly inferior to that of the nominal groups

in terms of number of ideas produced” (p. 43). This finding was replicated a few years later
(Dunnette, Campbell et al., 1963), and since then nominal groups spread like fire in creativity
research (Lewis, Sadosky et al., 1975; Diehl and Stroebe, 1987; Nijstad and Stroebe, 2006).

Here we examine the validity of the assumptions behind the “nominal groups” construct

in the context of creative ideation. First, comparing the ideation of groups vs. individuals
contradicts Osborn’s recommendation for “a triple attack” using individual-group-individual
brainstorming. Second, making recommendations based only on fluency and perceived
wuality of sketchy ideas reduces brainstorming to “a machine theory view” (Sutton and
Hargadon, 1996, p. 688). Third, comparing the outcomes of real vs. nominal groups rises
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methodological predicaments including time allocation as noted by (Gurman Jr, 1962), since
individuals working in groups of size N have 1/N of the time available to share their ideas
compared to those working in isolation. Whilst the artifact “nominal groups” is justified on
the basis of number of people, their proponents ignore the significant difference in number
of minutes between these conditions. Namely, the ideas generated by so-called nominal
groups represent N x t where N is the number of brainstormers and t is session time limit,
whilst the ideas generated by real groups represent only t time. Such direct comparison
between parallel and serial ideation is conceptually weak.

Fourth, Osborn indicates that idea association in groups can be superior when the process
is adequately facilitated. The rationale by Taylor for setting the time limit shows the critical
disadvantage of not having adequate (or any) facilitation: “The time limit of twelve minutes
for each problem was chosen, on the basis of considerable pretesting, as one which would
permit group members to express all ideas occurring to them within the work period and at
the same time not result in excessive periods of silence for individual subjects. In the actual
experimental sessions, appreciable periods of silence appeared between responses near
the end of the twelve minutes.” (Taylor, Berry et al., 1958, p. 46). Precisely because ideation
slows down, leaders are recommended to “prime the joint flow of ideas by contributing
some of their own” and by suggesting “idea-spurring questions” (Osborn, 1963, p. 175).

For these reasons, studies of non-facilitated brainstorming using “nominal groups” engage in
a logical fallacy and create an illusory refutation of group ideation. They also show a lack of
creative facilitation experience by those studying ideation. The validity of studies that deviate
in important ways from brainstorming procedures has been questioned, and studies that do
not perform due diligence in implementing Osborn’s recommendations are “a futile exercise”
(Kalargiros, 2014, p. 15). In the end, scholars who discredit brainstorming on these bases
show a “lack of understanding, lack of adherence to critical procedural guidelines, [and a]
parochial research agenda” (Kalargiros, 2014, p. 15).

Although many studies of brainstorming cannot be trusted, the last four decades have
provided evidence that confirms why it is widely used by professionals (Sutton and Hargadon,
1996; Shih, 2011; Shroyer, Lovins et al., 2018).

3.1 A health check-up of an octogenarian

Several phenomena associated with brainstorming have been studied over the last four
decades, providing support for many (but not all, not yet) of the bases of this “idea-finding”
method. Namely:

e Creativity is increasingly viewed as a human capacity (Arendt, 2013) which echoes
its framing as a universally distributed imaginative faculty: “the fact that war
spurred many, many people to think up so many good ideas helps prove that
nearly all of us are gifted with creative talent; and it helps prove the part that
effort plays in activating this talent.” (Osborn, 1963, p. 16).

¢ Evidence generally supports idea fluency correlates with higher originality and
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novelty (Adanez, 2005). This “quantity breeds quality” dictum is explained in
probabilistic terms: “the more ideas you think up, the more likely you are to
arrive at the potentially best leads to solution” (Osborn, 1963, p. 124). However,
the central role of associative thinking in ideation suggests key combinatorial
advantages. In a list of ideas, every new entry causes a significant growth of
new connections, meanings, and paths for combining and modifying “leads to
solution”.

e The associative basis of creative thinking has been established and profusely
studied (Mednick, 1962; Goldenberg and Wiley, 2019), giving support to the
fourth rule of brainstorming and the observation that “most ideas are by way
of combinations” (Osborn, 1963, p. 282). Unfortunately, the standard task
for associative reasoning called the “Remote Associates Test (RAT)” employs
questions with a single correct answer?, ignoring the open-endedness of creativity.

e Hierarchy of authority has been shown to be detrimental to idea generation
(Keum and See, 2017) confirming the guideline that “a panel should consist
of people of substantially the same rank” and to avoid “superior officers” in a
brainstorm (Osborn, 1963, p. 170).

e The value of creative sessions beyond producing ideas -as noted by Osborn- has
been demonstrated in ethnographic studies of ideation “in the wild” (Sutton and
Hargadon, 1996). Measuring ideation sessions solely by number and quality of
ideas has been portrayed as a machine view of ideation (Sutton and Hargadon,
1996).

¢ The documented increased productivity of “hybrid ideation” (Girotra, Terwiesch et
al., 2010) supports the “triple attack” strategy recommended to storm problems
(Osborn, 1963, p. 191).

¢ The longitudinal study of creative teams in the workplace has found evidence of
two types of contributions from team members: giving and taking behaviours
(Elsbach and Flynn, 2013). This can explain why ideation sessions are appropriate
throughout a project (Shroyer, Lovins et al., 2018) as they produce leads to
solutions that require further development and imaginative testing (Osborn,
1963).

¢ Studies of ideation where participants work on design problems rather than
toy problems show a comparable performance between individuals and teams,
even when brainstorms are not facilitated (Linsey, Clauss et al., 2011). Design
ideas that are product of combinations and development of other ideas tend
to be of superior quality (Linsey, Clauss et al., 2011), which supports the role
of combinatorial processes to transform “mediocre ideas into sterling ideas”
(Osborn, 1963, p. 158).

¢ One of the few studies that compared established (worked together for 10 weeks)
vs. non-established groups (only worked together once for the brainstorm session)

3 Remote Associates Test sample questions: https://www.remote-associates-test.com/
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found evidence that validates Osborn’s claims (Levine, Heuett et al., 2017).

e Evidence suggests that “idea-spurring questions” of the type suggested by Osborn
to prepare for a brainstorm do have positive effects in creative ideation (Torrance,
1961).

¢ Whilst many ideation studies draw conclusions based on average values of fluency
and metrics of idea quality, design researchers note that “extremes are what
matter, not the average or the norm” (Girotra, Terwiesch et al., 2010) and draw
attention to maximum values and variances. This supports Osborn’s emphasis on
the “thousandth idea” that will pay off (p. 130).

e Studies of ideation that address the effects of how design briefs or tasks are
framed are rare, although their likely influence has been mentioned over the
years (Meadow, Parnes et al., 1959; Vasconcelos and Crilly, 2016). Osborn warned
that failure to adequately frame a problem “can seriously mar the success of any
brainstorm session” (Osborn, 1963, p. 173).

e Osborn’s reference to the “spirit of brainstorm sessions” strongly resonates with
current models for training and practising creative facilitation (Light and Akama,
2012).

e Evidence shows that late stages of ideation sessions tend to be more productive
(Parnes, 1961) confirming that “almost always we have to think up a number of
unusable ideas in order to arrive at one that may work” (Osborn, 1963, p. 126).

e Lastly, studies of design practice show that group ideation that applies many of
Osborn’s insights continues to be widely used by professionals eighty years later
(Shih, 2011; Shroyer, Lovins et al., 2018). Whilst it is clear that properly conducted
brainstorms work, more research is needed to better understand why and how
they do, and how to make them more enjoyable, effective, widespread, and more
inclusive.

4. The next eighty years of Brainstorming

The intricacies of group creativity call for research approaches that inform ideation methods
in the twenty-first century. Here the following are explored:

e Creative facilitation and creative leadership require more and deeper
examination to identify best practices, effective pedagogical approaches, and
to identify principles that can be applied across situations, teams, domains, and
organisations.

e Attention is required for the conditions originally recommended by Osborn that
have been overlooked in the design of empirical studies. These include the effects
of briefs given to participants, principles for the appropriate framing of problems,
and the information provided to promote incubation and prime associative
thinking.

e The contextual and stochastic aspects of ideation need to be considered in the
ways brainstorming is studied and how findings are used to inform practitioners.

1590



Nominal Groups? Ok Boomer! A future-oriented agenda for brainstorming studies

Osborn explored “the element of luck in creative quests” (Osborn, 1963, p. 331),
yet research questions that account for “creative accidents” (Osborn, 1963, p.
332) are largely missing. The choice of research methodologies can expand the
current focus on average outcomes and representative samples in the pursuit of
generalisation, to pay attention to exceptional conditions and extreme outcomes
in the pursuit of qualitative insights and contextualised heuristics.

e The ways in which ideas are defined and evaluated deserve closer attention,
especially since they tend to be implicitly and ad-hoc designated across ideation
studies (Sosa, 2018; Sosa, 2019a). The effects of evaluation on the nature of
findings deserve more careful scrutiny (Weisskopf-Joelson and Eliseo, 1961; Linsey,
Clauss et al., 2011).

e Methods like brainstorming suit extroverted individuals and organisational
cultures of flat hierarchies where vocal opinions are embraced. Other methods or
variations would be valuable to include introverts and collectivist cultures where
new ideas can be shared and recombined in less overt ways.

¢ Technological approaches have so far mainly sought to support or improve
brainstorming. In the future, means to automate idea synthesis can be pursued,
such as by substantially augmenting the associative basis of creative ideation.

e More studies are needed that target the functions of ideation practices beyond
the mechanistic view of ideas as outputs, for example their value to nurture
creative organisational cultures, team psychological safety, and individual
capabilities.

¢ Closer attention needs to be put on the “harvesting of afterthoughts” (Osborn,
1963, p. 178) and in general to follow-up practices after an ideation session. The
study of individual-group-individual “triple attack” strategies could reveal the ways
in which ideation occurs before, between, and after sessions.

e |deation studies need to differentiate the type of sessions under study. Moving
beyond the treatment of all ideation events as one type, researchers could specify
what type of problem is studied, what are the ideation goals, what types of ideas
are being sought, and where the ideation event is located in the course of a
creative project. This would help interpret and connect findings across studies.

¢ More ethnographic studies of ideation “in the wild” are desirable, as well as
laboratory and classroom studies that more faithfully follow brainstorming
guidelines (Cohen, Whitmyre et al., 1960; Shroyer, Lovins et al., 2018).

This illustrative list includes ideas aimed at building knowledge about how brainstorming can
be better understood, better practised, and better learned. Equipped with more advanced
procedural knowledge, designers need to better understand that creativity is needed

to tackle the critical global challenges of the twenty-first century. After all, this method
originated in advertising and gained popularity in the military and corporate worlds of

the Cold War. Brainstorming has mostly been applied to enable a commercial agenda that
promotes values and ways of living based on never-ending consumerism that lead to an
unsustainable future. How may brainstorming be used to deal with major global challenges
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in the next decades?

4.1 We can all be more creative! But, what for?

Creativity has traditionally been portrayed as positive and desirable, even having childlike
and playful undertones as hinted by the tired dictum that “creativity is intelligence having
fun”. The “dark side” of creativity has been explored to some extent (Cropley, Cropley et al.,
2010) ranging from unprecedented ideas for dishonest or criminal purposes, to the negative
consequences and side effects of well-intended inventive ideas. The in-depth biographical
analysis of creative figures has shown other negative aspects of creativity including the
Faustian bargain that some prominent creators accept as the price of their relentless pursuits
for originality and fame (Gardner, 2011). Eminent creators also often engage in abuse of
power and other unethical behaviours and have suffered mental health problems and
addictions (Gardner, 2011). In this context, very little research on brainstorming has included
ethical dimensions (Mumford, Waples et al., 2010). To inform an ethical brainstorming
practice, the following questions are of relevance:

¢ How may we foresee and assess the destructive effects of creativity (Schumpeter,
2002) including the loss of existing expertise, practices, and worldviews?

e What are the politics and the ethics of creativity? (Winner, 1980; Sosa, 2019b)
Who gets to change things? Whose dreams and visions inform desirable futures?
How is the mandate for creative agency adjudicated and asserted?

e How may ownership of new ideas and their effects be negotiated, shared, and
transferred? (Ihde, 2006).

e How may creative agency break away from a market economy where large
corporations capture most imaginative talent creating a class gap between the
haves and have-nots of creativity?

e How may localities transcend the Western version of creativity that is used to
colonise other regions through certification on their toolkits and methods? How
may local creatives exercise their own version of creative action and constitute
their own methods?

e How may creatives attend to the impeding emergencies (climate, social justice,
migration) yet avoid tunnel vision that prevents them from imagining a desirable
future beyond these crises?

e How may education systems transcend the current disciplinary divides between
creatives and non-creatives?

e How may we suspend disbelief to support early ideas and protect their growth
based on their potential, yet critically scrutinise them to prevent the high-jacking
of innovative ideas by con-artists and fraudulent early investors?*

e How may entrepreneurial frameworks like effectuation (Sarasvathy, 2008)
explicitly accommodate the type of ethical concerns that come with new

4 The Drop Out documentary about Elizabeth Holmes and Theranos: https://abcaudio.com/podcasts/the-
dropout/
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ventures?

5. Discussion

This paper started by critically examining brainstorming going back to the original sources
to assess its origins and the origins of its systematic study. It then identified the fallacy of
using “nominal groups” used to discredit this ideation method and reviewed evidence that
supports many of the group brainstorming principles. The paper then framed an agenda

for the future study and practice of creative ideation focusing first on questions of “How”,
and questions of “What for” later. Brainstorming is turning eighty, and it clearly works when
properly conducted to enable the creative capacities of all who make a serious effort. The
substantial challenges that we face in the next eighty years can be creatively and collectively
tackled to the extent that we support Hannah Arendt’s principle of natality, i.e., the
realisation that “every birth represents a new beginning and the introduction of novelty in
the world” (Arendt, 2013, p. 9). Beyond reductive studies that compare group vs. individual
ideation, it is time to approach the study and education of creative literacy as a strategic
priority for the twenty-first century -a task that designers are well prepared to deliver.

The work presented here suggests a few key ideas that inform future research efforts. The
first is that it is critical to return to primary sources. Google Scholar statistics in February
2020, show 7742 papers that cite (Osborn, 1963), of which 594 use the term “nominal
groups” and only six include the term “triple attack” -denoting how Osborn’s original
recommendations remain ignored whilst Taylor’s artifice created a big following. Whilst
(Taylor, Berry et al., 1958) reports only 856 citations, a Web of Science report in January 2020
shows a total of 11,754 secondary citations of the study that introduced the use of “nominal
groups”. This indicates that the findings of Taylor have been amplified by researchers

who may arguably not have even read that paper but learned of its conclusions through
secondary sources. As such, one finds statements such as: “There is considerable evidence
that group brainstorming is less productive than individual brainstorming” (Kohn and Smith,
2011, p. 359) which is precisely the opposite of what the original reports (Taylor, Berry et al.,
1958).

Another lesson for designers, design scholars, and design educators is that the myth that
group brainstorming does not work is based on research that follows “academic rigour”
but ignores “practice rigour”. Design research needs to acknowledge the double challenge
of being scientifically and designerly relevant. Further, as creative methods are increasingly
understood and improved, the ethical dimensions of their deployment must be recognised
and integrated into our research questions and teaching practices.

The need for creative solutions to tackle the challenges of the twenty-first century seems
timely to acknowledge that the creative orientation of design professions has made them
instruments to advance corporate agendas that promote a lifestyle of endless consumption
and waste. Methods and tools for creativity are urgently needed to address the current
global crises and to imagine desirable futures beyond these emergencies. The history of
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design and invention shows that the best intended innovations have often had disastrous
consequences in the long run -this can be viewed as a failure of process and a failure of
methods to generate and understand new ideas before it is too late. Innovation in new drug
development considers possible consequences and side-effects -likewise, design innovation
can and needs to be conducted in more responsible ways.

Lastly, creativity is not exclusive to design, and designers seem ideally positioned to open up
creativity for all in inclusive ways that are respectful of individual and cultural differences.
From a philosophy of natality that underpins rigorous universal creative literacy (Arendt,
2013), it is possible that by the year 2100 we will have resolved the planetary challenges of
today and, more so, will have discovered new ways of being creative.
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Abstract: Design Heuristics (DHS) as a tool helps boost designers’ creativity in the
early design phases. Since the middle of the 20th Century, different DHS have been
developed, e.g. general ones such as SCAMPER and 77 DHS; and specific ones such as
DHSfX (design for one-handed use) and DHS for additive manufacturing. With rapid
technological developments, an increasing number of products now incorporate
technological platforms and services. There is a lack of new DHS relating to such service
based information products. Based on RedDot Concept Design Award entries (2013
2017), we have extracted ten DHS that focus on service-based information products.
We compared our newly derived DHS with existing design heuristics and discovered
that although some of our DHS overlapped with existing ones, the new DHS10 were
more specific and useful for digital solutions. The preliminary evaluation of the new
DHS suggested its potential in helping generate concepts in the early design phase.

Keywords: design heuristics; methodological review; service-based information products

1. Introduction

Design Heuristics (DHS) are defined as a context-dependent directive, based on intuition,
tacit knowledge or experiential understanding which provides design process direction to
increase the chance of reaching a satisfactory, but not necessarily optimal, solution (Fu, Yang,
& Wood, 2016). Different DHS have been developed for different purposes, such as DHS

for additive manufacturing (Bloesch-Paidosh & Shea, 2019), DHS for assistive (one-handed)
products (Hwang & Park, 2018), and DHS for technological innovations, e.g. TRIZ (llevbare,
Probert, & Phaal, 2013).

DHS are evidenced to help generate ideas effectively in the conceptual design phase and
play an important role in addressing issues with design fixation. However, existing DHS have
some shortcomings: 1) The datasets utilised are not up to date (with the majority originating
before 2009); 2) Most of DHS are structural design heuristics for industrial design, with little
relevance to service-based information products; 3) Technical advances have triggered an
opportunity for design innovation to generate a wealth of new products (Dove, Halskov,

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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Forlizzi, & Zimmerman, 2017), but few DHS are generated for the digital era.

The nature of product design appears to be experiencing significant changes as evidenced
by activities in design schools. A comparison of keywords appearing in final year design
students’ degree show books (based on two UK universities best known for their product
design and industrial design student employability) has revealed the changes in the last ten
years (Table 1).

Table 1 Keywords in Design Degree Show books compared, 2009 vs 2018

Words appearing 10 or more times in 2009  Words appearing 10 or more times in 2018

Interactive 15 App 40
Experience 12 Environment 27
Portable 12 Personalization 16
Multifunctional 11 Experience/User experience 15
Encourage 11 Smart/Intelligent 15
Environment 10 Modular 14

Customisable 13

Interaction/ User interaction 11

With rapid technology changes, DHS have the potential to support designers and this study
presents ten new DHS for the digital era. While developing the new DHS, we found there
was a lack of comparative evaluation between existing DHS. Our hypothesis is that there are
overlaps between different DHS. The objective of this study is to compare existing DHS and
then compare them with our new DHS to identify whether there is added value offered by
the new DHS.

2. Design Heuristics

‘Design heuristics’ are defined as cognitive ‘shortcuts’ that point toward useful design
patterns (Daly, Yilmaz, Christian, Seifert, & Gonzalez, 2012; Seda Yilmaz, Daly, Seifert, &
Gonzalez, 2016; Seda Yilmaz & Seifert, 2011; S. Yilmaz, Seifert, & Gonzalez, 2010).

2.1 Existing Design Heuristic for Ideation

SCAMPER is an acronym for (S) Substitute, (C) Combine, (A) Adapt, (M)Modify, (P) Put

to other uses, (E) Eliminate, and (R) Reverse/Rearrange (Serrat, 2017) which provides a
structured method of assisting students to think divergently and enhance their design
knowledge (Michalko, 2010). SCAMPER was proposed by Alex Faickney Osborn in 1953 and
was further developed by Bob Eberle in 1971 in his book SCAMPER: Games for Imagination
Development (Eberle, 1971) .

TRIZ 40 Principles was developed by Altshuller in 1969 through reviewing 40,000 patent
abstracts. It provides 40 principles (design heuristics) for helping technological innovations
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with particular relevance in solving complicated technical problems (Gadd, 2011). TRIZ has
been widely utilized to enhance creativity in addressing technical problems. However, there
is a degree of confusion with TRIZ on how to approach it and what exactly it embodies, which
makes it difficult to fully employ (llevbare et al., 2013). Often people need training before
using TRIZ.

77 Design Heuristics (77 DHS) was developed by analysing 400 award-winning designs from
which 40 DHS were identified (Seda Yilmaz, Seifert, Daly, & Gonzalez, 2016); 218 sequential
concepts created by an expert industrial designer over two years for a single design project (a
universal access bath within an existing home); and 179 followed by 68 concepts generated
via two studies using Think-aloud protocols. The 77 Design Heuristics have proved to
associate with effective innovation in both engineering and industrial design domains (Seda
Yilmaz, Daly, Seifert, & Gonzalez, 2015). However, the datasets are mainly from 2001 to 2009
(not up-to-date), with most being structural design heuristics for the industrial design area.

Design Heuristics set for X (DHSfX) was developed by analysing a total of 139 products (100
manufactured and 39 patents) by Hwang & Park in 2018. DHSfX provides 13 Design Heuristics
as a design aid for assistive product concept generation (Hwang & Park, 2018) focussing on
assistive products for one-handed users. An empirical evaluation indicated that DHSfX could
enhance the outcome of assistive product concept generation (Hwang & Park, 2018).

Design Heuristics for Additive Manufacturing (DHSfAM) was developed by analysing a

total of 275 artefacts (datasets including academic/industry literature, popular media, and
industry/hobby websites). DHSfAM provides 29 Design Heuristics for additive manufacturing
which were found to positively influence the designs generated and were more effective in
communicating DfAM concepts (Bloesch-Paidosh & Shea, 2019).

Table 2 summaries the comparison of the existing DHS.

Table 2 Comparison of the existing DHS.

Reference DHS Data Source Purpose Limitations
Name
(Eberle, SCAMPER Not specified A structured Can be quite
1996) (1953) way of assisting  abstract
students to think
out of the

box and enhance
their knowledge.
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(Gadd, TRIZ 40 40,000 patent To help Great confusion
2011) Principles abstracts technological on how to
(1969) innovations approach it and
especially in what exactly it
solving technical embodies.
contradictions.
(Seda 77 Design Study 1: 400 award- To help designers 1) The datasets
Yilmaz, Heuristics winning products. to generate are mainly from
Daly, et al.,, (2016) Study 2: 218 more, and more 2001 to 2009,
2016) sequential concepts varied, candidate and most are
created by an expert  concepts to structural design
industrial designer consider in the heuristics for the
over two years. early phases of industrial design
Study 3: 179 concepts design. area.
generated from 36 2) service-based
engineers. products are
Study 4: 68 concepts rarely included.
generated from 12
industrial designers.
(Seda 40 Design 400 award-winning The same as The same as
Yilmaz, Heuristics products. above (77 DHS).  above (77 DHS).
Seifert, et  (2016)
al., 2016)
(Hwang &  DHSfX 139 examples (100 A design aid It does not
Park, 2018) (13 design existing products and  for assistive support other
heuristics) 39 patents). product concept phases of the
(2018) generation. assistive product
design process.
(Bloesch-  DHS for 275 artefacts A design aid The heuristics
Paidosh Additive (datasets including for Additive are meant to
& Shea, Manufacturing academic and industry Manufacturing.  represent what
2019) (29 Design literature, the popular is possible at
Heuristics) media, and industry a conceptual
(2019) and hobby websites). level, not what

is currently
feasible or makes
economic sense.
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2.2 Research Gaps
Research gaps were identified through analysing existing DHS:

e New technology applications are rarely mentioned and the datasets are not up to
date (i.e. lacking data from 2009 onwards), with the exception of DHS for additive
manufacturing.

e Most of DHS are structural design heuristics for industrial design, and service-
based information products are rarely included. Few studies consider DHS for the
digital era.

e Many DHS are difficult to understand, remember and apply, due to extensiveness
and abstract descriptions (llevbare et al., 2013).

New Design Heuristics are needed for the fast-developing digital era. It becomes necessary
to add service-based products and new technology applications to the development of
design heuristics. DHS descriptions should also be easy to understand so that designers can
remember and utilise them effectively.

2.3 New Design Heuristics for Service-based Information Products (DHS10)

Our DHS, called DHS10, were extracted from 998 award-winning designs covering the period
between 2013 and 2017 and aimed to plug the research gap. The data source is RedDot
that has been identified as the most credible international design award (Self, 2014). Two
researchers (both with masters’ degrees in industrial design and winners of RedDot awards)
undertook data extraction, following a 5-step process (Figure 1). Details about the extraction
of the DHS10 can be found from (Jin & Dong, 2020).

Extracting Communicating

Focusing on Reading through Grouping similar
heuristics heuristics

digital design descriptions designs

Figure 1 The 5-Step process of extracting design heuristics.

To make the design heuristics easy to understand and easy to remember, we illustrated the
new DHS10 not only in textual descriptions but also images. Card-based design tools have
been widely utilized (Roy & Warren, 2019) and each design heuristics is presented on one
card.

Figure 2 shows the ten cards (Jin & Dong, 2020).
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Figure 2 DHS10 for service-based information products.

3. Methods

Four typical DHS were selected for comparison, i.e. SCAMPER, TRIZ, 77DHS and DHSfX. To
compare the DHS, two design researchers undertook the role of analysts. One analyst had a
bachelor’s degree of English and was a postgraduate student in design. The other analyst was
a professional designer with bachelor and master degrees in industrial design. The three-step
analysis procedure is as follows (illustrated in Figure 3).

Step 1: Familiarising with the design heuristics including SCAMPER, TRIZ 40 Principles,
77DHS, DHSfX, and the DHS10 developed.
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Step 2: Analysing the design heuristics independently. Because the 77 Design Heuristics
are general and contain the large numbers of DHS, they were used as a datum (shown

in capital letters in Table 3) and other DHS were compared with the 77DHS. If the two
analysists identified similarity or overlap between different sets of DHS, they made notes
independently.

Step 3: Discussing to reach consensus. Once the comparison was completed by each analyst,
they compared the results with each other. When they had different opinions, they discussed
to achieve agreement.

Figure 3a, b Independent review by two analysts; c: comparison; d: discussion

The comparison outcome was further verified by a design professor (Figure 4).

Figure 4 Further verification of the comparison outcome of the DHS.

4. Results

The verified outcome was then visualised (Figures 5-7).
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4.1 Overlapping between the Four Sets of Existing DHS

Figure 5 indicates that there is a high overlap between the 77 DHS and TRIZ 40 principles. All
the SCAMPER design heuristics are covered by the 77 DHS, and its DHS ‘Adapt’ and ‘Put to
other uses’ correspond to many DHS in the 77 DHS (Figure 6). In the figures, ‘0’ suggests no
matching items.

Figure 5

5 Consolidation
25 Self-service
Combine
32 Changing the color
| Etiminate .
28 Replacement of mechanical system
15 Dynamicity
Adapt
0
Modify
Substitute
23 Feedback

I Rearrange 13 Inversion

1 Segmentation

Put to other uses 24 Mediator

34 Rejecting and Regenerating Parts
17 Shift to a new dimension

22 Convert harm into benefit

6 Universality

36 Phase Transition

26 Copying

14 Spheroidality

30 Flexible Membranes or Thin Films

33 Homogeneity

7 Nesting

TRIZ 40

14 ATTACH INDEPENDENT FUNCTIONAL COMPONENTS
64 SYNTHESIZE FUNCTIONS

4 ADD TO EXITING PRODUCT

29 CREATE SYSTEM

49 OFFER OPTIONAL COMPONENTS

6 ADJUST FUNCTIONS FOR SPECIFIC USERS

61 SLIDE

31 ELEVATE OR LOWER

77 VISUALLY DISTINGUISH FUNCTIONS

32 EXPAND OR COLLAPSE

7 ALIGN COMPONENTS AROUND CENTER

I 68 USE COMMON BASE TO HOLD COMPONENTS
13 APPLY EXISTING MECHANISM IN NEW WAY

9 ALLOW USER TO CUSTOMIZE

I 2ADD MOTION
. 8ALLOW USER TO ASSEMBLE
62 STACK

| 60 SIMPLIFY.
I 53 REDUCE MATERIAL
5ADJUST FUNGTION THROUGH MOVEMENT
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24 CONTEXTULIZE

22 CHANGE SURFACE PROPERTIES

21 CHANGE PRODUCT LIFETIME
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51 RECONFIGURE
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I 50 PROVIDE SENSORY FEEDBACK
40 INCORPORATE USER INPUT

I 57 ROTATE
. 47 MIRROR OR ARRAY
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The overlaps of the four selected DHS.
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DHSfX

7 Permanently integrate hand/finger rings into the product Il
5 Merge two products into one I

1 Attach the product to a body part(s) I

6 Offer an attachable accessory for the product
10 Provide a shape maintaining aid along with the product
2 Design the product operable with one hand and a non-hand body part Il

9 Provide a mechanical extension along with the product I
8 Place controls/grips of the product within the hand’s functional range Il

3 Fix the product using a holding or support aid il

11 Replace bi-manual motions with a single hand’s gripping/squeezing 1
12 Replace bi-manual motions with a single hand's pressing/pushing

13 Turn the product into a motion activated one Il
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Figure 6

he overlaps between SCAMPER and 77 DHS.

Interestingly, although the DHSfX (Hwang & Park, 2018) is developed specifically for
generating designs for one-handed use, it overlaps with the generic design heuristics 77 DHS
apart from only one item, i.e. ‘Integrate one-hand gesture control to the product’.
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4.2 Comparison between our DHS10 and the Existing DHS

Figure 7 shows the overlap between our DHS10 and the 77 DHS, TRIZ and SCAMPER (DHSfX
was excluded as it is specific for one-handed use design, and overlapped a lot with 77

DHS). As show in Figure 7, our DHS10 overlapped one of the TRIZ 40 Principles (i.e. 13.
Inversion), two of the 77 DHS (i.e. 11 ALLOW USER TO REORIENT, and 36 FOLD), and five out
of the seven 7 SCAMPER DHS (i.e. ‘Put to Another Use’, ‘Adapt’, ‘Modify’, ‘Substitute’, and
‘Combine’).

TRIZ 40 77 DHS SCAMPER DHS 10

2 Changing Functions via Turning

11 ALLOW USER TO REORIENT Put to Another Use
13 Inversion 5 Utilizing Foldable Structure

36 FOLD
9 Shaking Product for Novel Effects

8 Manage and Control Remotely

Adapt
Modify 4 Utilizing Lights and Sounds
0 bt 3 Utilizing Display Technology
0
7 Adding Smart Functions
6 Adding Sharing Service
Combine

10 Smart Reminder

1 Adding Drone Technology
Figure 7 Comparison between DHS10 and 77 DHS, TRIZ and SCAMPER.

Although it appears that there is a high overlap between our DHS10 and SCAMPER, our
DHS10 is much more detailed, and specific to the digital design context.

5. Preliminary Evaluation

To assess the usefulness of the DHS10 in helping generate concepts for digital design, we
conducted a preliminary evaluation. We asked a volunteer studying for a master’s design
degree to answer the following brief (Figure 8, adopted from IF 2019): firstly using his
existing knowledge and any conceptual design tools he knew; and then using the DHS10. The
whole session took 60 minutes in total.
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3. SAMSUNG DESIGN PRIZE 2019 by iF: Design for Collaboration -
new concept of collaboration tools and solutions for the augmented workplace

We live in a world where the digital and real life overlap — especially in the workplace. A good
communication is needed more than ever to maintain effortless communication and effective
collaboration.

Your task: Design a practical smart solution or concept that helps people
to communicate and collaborate easily in the daily business — be that digital or physical.

Figure 8 The design brief.

The volunteer was able to develop several concepts within 60 minutes (see sketches in Figure
9) and his feedback was as follows,

“In the beginning, | saw this design task and | thought it is very hard for me. | use
brainstorming to think this design task. Unfortunately, | still can’t think of any good ideas. But
when | saw these design heuristics, in 10 mins | understood them. Then, | could quickly come
out ideas for tackling this design problem.”

Figure 9 The concept sketches by the volunteer.

The analysis of his design text description suggests that seven out of the 10 DHS10 were
effectively applied, as follows (the DHS utilised were numbered in brackets starting with #).
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“The W-Drone is an integrated Drone meeting system (#1 Adding Drone technology), which
addresses the teleconference’s low efficiency, especially in architecture and industrial design
area. The W-Drone can control the Drone remotely and intelligently (#8 Allowing the user to
manage and control remotely, #7 Adding smart functions), so as to help stakeholders to watch
the whole design and detail design work through different angles and heights. The W-Drone
also owns a sound and light system (#4 Utilizing lights and Sounds), which can allow users
to send themselves voice to the opposite side. The W-Drone has a foldable structure (#5
Utilizing foldable structure) so that it can be stored in a small space. W-Drone also provides
Sharing Function (#6 Adding Sharing Service). Every company’s staff can use the W-Drone if it
is available. Besides, W-Drone provides projection display technology (#3 Utilizing the display
technology), which can display images opposite. For example, stakeholders draw sketches
and give reference images to designers. Most importantly, these functions will enhance
the experience in collaboration and communication. W-Drone will save costs and time
significantly.”
This preliminary evaluation suggests DHS10 is effective in supporting conceptual design of
service-based information product in the early design stage.

6. Discussion, Conclusions and Future work

In this study, we reviewed existing design heuristics and compared them with our new
DHS10, and found some of DHS10 overlapped with existing design heuristics, but our DHS
were more specific and relevant to the emerging technological context (i.e. digital design,
service-based information product). The preliminary evaluation suggests great potential of
DHS10 in helping generate concepts in the early design phase.

The comparison and visualisation of existing DHS is the first study of this kind. In addition,
the DHS10 is originally developed by us, and it is the first time that the three ‘traditional’ DHS
(i.e. TRIZ, 77 DHS and SCAMPER) were compared with the DHS10 which was derived from
‘digital design’ examples.

By analysing the existing DHS, we gain a better understanding of how DHS work and their
purpose and limitations. For example, SCAMPER uses the acronyms of the seven design
heuristics as its name, which helps the users to remember and recall them easily. TRIZ 40
principles tent to be highly abstract, so detailed description, examples and applications

(with images) are often required to help users to grasp the principles. The 77 DHS are
comprehensive, but too difficult to remember all. Many design heuristics can be grouped in
the same category at a higher level. Although the DHSfX is developed specifically for assistive
design, it shares a lot of principles with generic design heuristics (e.g. 77 DHS).

DHSfAM deals with new technology (i.e. additive manufacturing), similar to our DHS10. It

is interesting to know that DHSfAM has proved to be very useful in communicating Design
for Additive Manufacturing concepts (Bloesch-Paidosh & Shea, 2019). This inspires us to
consider whether DHS10 will be effective in communicating digital design and service-based
information product design concepts, as an objective for our future evaluation of DHS10.
For future work, we are planning an evaluation study which will involve 60+ design students
(divided into the control and experimental groups), to test how effective the DHS10 is in
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helping generate digital design concepts compared with other methods (e.g. Brainstorming).
The preliminary evaluation suggests concept sketches and text descriptions can be effective,
and these will be incorporated into the future evaluation study.

We also plan to optimise the presentation of the DHS10. The existing DHS take different
forms, some are short textual phrases (e.g. TRIZ); some are a combination of texts and
images (e.g. 77 DHS), and some are short text followed by a number of probing questions for
inspiration (e.g. SCAMPER). Short, abstract text may inspire imagination but sometimes can
be difficult to understand; examples and images are effective in explaining the heuristics but
might restrain imagination. An optimal form of representing DHS10 will be explored in our
future study.

In summary, this study has compared existing DHS sets and the new design heuristics
(DHS10). The DHS10 has been extracted from more recent data which address emerging
service-based information products in the digital era. We are using the insights gained from
the comparison to refine DHS10. The significance of the research is two folds: the visualised
comparison of existing DHS has revealed ‘unseen’ overlaps and gaps, which may give
direction of the future development of DHS; and the DHS10’s relevance to the contemporary
design context, which will make it a useful tool to design students and design professionals.
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Abstract: When designers are tasked with the role of future forecaster, they engage
in speculative acts that can be aided through prototyping. These tangible analogues
act as a platform for building ideas as well as empathy in an effort to approximate
the future activities and experiences of end users. The emergence of space tourism
as a viable industry in the near future, will require designers to develop prototyping
strategies that emulate these future experiences. To that end this paper reports on the
development of a modular prototyping system for the design of space vehicle interiors.
As a means of evaluating the effectiveness of this experimental prototyping platform it
was deployed in a student class studio setting where designers utilized these elements
throughout a team project. The results from this experiment indicate that a modular
structure has several advantages across multiple phases of the design process that can
translate to future space vehicle design.

Keywords: prototyping; empathy; speculative design; space travel

1. Introduction

1.1 Rise of Commercial Space Travel

The rise in interest and new business development surrounding commercial space travel
presents a new area that designers will need to increasingly address. Historically space
travel was a significant technical endeavour and still is but the potential for tourism flights
introduces an increased focus on the user-centered approaches of vehicle design (Tovey,
2012). Early missions into space were large government funded initiatives that supported the
efforts of a select few individuals to go into space and report back about their discoveries.
Recently, there has been a surge in interest in the private space sector producing such

visible players as Virgin Galactic, SpaceX, and Blue Origin (Prosser, 2018). Boeing and Space
Adventures have planned to offer a commercial passenger options to the ISS aboard the new
CST-100 Starliner capsule (Experiences: Space Station, 2018). These shifts mark the rise of

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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commercial space efforts (Hammond, 1999) and space tourism where humans will be able
to stay in space hotels, travel to the moon, and beyond. This also represents a shift towards
an area of tourism that has no historic examples to draw from and subjects tourists to
environments and experiences that no designer has ever had, nor has the ability to directly
reflect upon. The highly technical, scientific, or military nature of past space missions had
quite different interior spaces than the new wave of space tourist will expect. Astronauts
were trained to deal with more harsh living conditions and experiences than an average
tourist will withstand or tolerate. As Mary Roach said in Packing for Mars, “To the rocket
scientist, [humans] are a problem. [They] are the most irritating piece of machinery he or
she will ever have to deal with.” (Roach, 2010). Much like the vehicle design of military
equipment and naval architecture, the human is often considered after all other constraints
have been met. Ultimately, the facilities for the actual crew are developed to meet the bare
minimum of accepted codes and complete the mission. Space missions are no exception.
With the added constraint of incredible fuel costs, reducing payload is always a top concern.
That being said, tourism operating under these conditions will introduce a need to address
comfort as will the overall emotional experience of the trip. Tourists will experience a
combination of extreme circumstances such as microgravity and confinement with unfamiliar
people while disconnected from the earth. Space travel has been shown to consistently
produce many undesirable cognitive and physiological effects (Williams 2002). For, example,
even five days in microgravity can lead to a loss of muscle mass (Tischler, et al. 1985). This
design endeavour represents challenges as well as opportunities as these experiences are
future ones that are tough to replicate on Earth and have limited means for developing a
direct or empathetic understanding of.

1.2 Space Travel as Future Scenario

Designers have long embraced uncertainty as a profession. Increasingly, these problems may
not be address through new and novel material objects but may result in a myriad of possible
designed services, systems or social solutions. These wicked problems (Rittel, 1973) are
compounded by planning for current problems as well as future ones. Historically, designers
have leveraged lessons from other precedents when developing new concepts but in some
cases, these precedents and past best practices are not enough to inform future designs.
Iterative approaches to problem solving and a desire to develop these alternatives into a
final concept are the underlying structure of the design process. Based on that, designers
are increasingly taking on the role of future forecaster. The future of space travel continues
to evolve from the visions of the mid-20" century and once again, designers will need to
develop concepts that address these futures. Balancing between elements of Design Fiction
(Sterling, 2005), and Speculative Design (Dunne A. a., 2013), this activity requires designers
to develop scenarios and prototypes that will facilitate concept exploration as a means of
making the intangible more accessible. To aid in this process, prototyping strategies need

to allow for a range of possible iterations that accommodate potential use cases beyond the
traditional government funded space mission.
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1.3 Building Empathy through Prototyping

As researchers continue to explore frameworks for empathizing for future scenarios (Evans,
2015), prototyping remains a critical tool for designers. As many of the aspects of the
problem space are not completely understood, ‘experience prototyping’ (Buchenau & Fulton
Suri, 2000) has been a proven strategy to “understand, explore or communicate what it
(product / interaction) might be like to engage with”. By extension this strategy could be
leveraged to support designers need to develop empathy around an experience like space
travel as most if not all designers are void of directly experiencing this activity. A platform
for engaging with the reality of space tourism is needed to facilitate the designer’s reflective
practice and promote knowing-in-action (Schon, 1983) through analogue experiences.

This new prototyping approach not only needs to accommodate some forms of empathic
research but needs to address some functional concerns that arise. Habitats being designed
for space tourism require flexibility. This is dependent on different factors such as length

of travel, tourist type, etc. Additionally, the platform needs to be scalable and modular.
Designers will have to be able to easily grow or reduce the size of the platform as well as
change its orientation to reflect how one might move between units in space. This will allow
the mock-up to accommodate a variety of specific use cases. Additionally, this will allow
experimentation by designers that may eventually drive engineering solutions. By allowing
the designers to gain some measure of empathy for the experiences future tourists will
have and by providing some realistic functional constraints and encouraging designers to
prototype early and often within analogue environment, new and unique habitation deigns
can arise.

1.4 Approaches to Vehicle Prototyping

Due to the fact that transportation design is such a broad field, this work is limiting its
scope of comparison to transportation efforts that deal with similar problems of mobility,
specifically the transportation of small groups, for short to medium length durations. The
most direct space travel analogue would be the prototyping that NASA has used historically.
Most strategic approaches to aerospace transportation design mock-ups can be divided into
the same categories defined by the “Design Research Matrix”. (Cohen, 2012). These are 1.
Concept evaluation 2. Design research 3. Engineering integration 4. Operations simulation
and development and 5. Crew Training. Additionally, transportation design often employs
mock-ups of an even higher fidelity than those mentioned in the Design Research Matrix.
These would fall within a sixth, higher-fidelity category of marketing mock-ups. For the
purposes of the research outlined in this paper, most of the speculative prototyping activities
centred on categories 1 and 2.

Within the category of ‘concept evaluation’, the process by which designers have traditionally
approached prototyping was to use a full-scale drawing techniques by drawing with tradition
media or to use pieces of tape to draw which is heavily relied upon in the auto industry
(Starting Out: Car Design Glossary, 2008) (The Language of Tape: Ford Designers and Moders
Use Tape to Communicate Throughout The Development Process, 2014) This full-scale
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drawing technique allowed the designers to work quickly and directly with the actual scale.
Small scale sketch models (PEI, 2011) (Starting Out: Car Design Glossary, 2008) have also
been utilized in transportation design to quickly validate concepts in 3D before moving to
larger and/or full-scale models. Full-scale models are used for both surface validation and
interior validation. In those cases, the full scale mock-ups and prototypes are often direct
representations of a low or high fidelity but limited to a specific design concept. Whether
it is clay modelling as an exterior form or structural modelling, many of these are standard
methods don’t address the need for a modular and flexible system that can be deployed

in a range of configurations. This is particularly important when a designer is exploring a
speculative concept such as space tourism and vehicle interior design. To that end, this
research reports on a different strategy focused predominately on the interior space of the
vehicle and the outer portion was represented for context only. The interior of the new
Scaled Section Platform was intended to facilitate low to medium fidelity prototyping with an
emphasis placed on iterating concepts, testing human factors, and integrating findings into
new prototypes over attempting to achieve a high fidelity look and feel.

2. Prototyping Approach: Scaled Section Platform (S.S.P.)

2.1 Prototyping Strategy

In an effort to address several of the challenges around the future of space vehicle design,
this research project developed a prototyping platform aimed at flexibility of use as its
primary goal. The prototyping platform needed to allow for a wide variety of designed
outcomes, while on providing some constraints to help focus design work in such a
speculative area. The largest constraint was the inner diameter representing the inner
sidewall, an outer diameter representing the outer structure of the space vehicle, a space
reservation for functional systems, and some representative structural elements to introduce
the real-world challenge of navigating systems and structure. (see figure 1) Similar to real-
world design within large vehicles, these systems and structural “stay out zones” could be
compromised if a design solution should require it but would necessitate discussions about
how this would be accomplished. Some examples that could be foreseen to arise might be
portholes/windows, domes, new doorways, access hatches, or the attachment points of
proposed design concepts. To develop the dimensional constraints around this prototype
structure, a series of workshop exercises were conducted with the industry sponsor utilizing
1 to 1 taped out floors spaces and a group of seven individuals. These individuals examined
common positioning of potential dining, sleeping and group egress between spaces and
other individuals. Based on that exercise and combined with secondary research on other
transportation spaces such as train sleeper cars and aviation vehicles this information was
combined to generate a minimal inner diameter of 2.3m and the outside diameter was

the result of structural requirements in addition to studio ceiling height limitations which
resulted in an outside diameter of 2.5m. The length of the individual sections was directly
impacted by the standard construction material used (plywood) resulting in lengths of 2.43m.
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As a result of these constraints, the prototype platform is not a direct reflection of any
specific space vehicle but instead a speculative platform developed so design teams could
explore early concepts and scenarios. This platform was intended to facilitate open-ended
speculative outcomes rather than to produce design solutions for known current scientific
missions as a result idealized interior arrangements and specific requirements for necessary
equipment were not given. The main objective was to understand how microgravity and
being confined in a small space with other people might affect individuals and ultimately
their design.

—— Inner Diameter
Systems and Structure

_~——=Outer Diameter

T~ ’,/—“\ '.-\‘ g -

/

Figure 1 Mock-up cross-section constraints

While a set of functional constraints were introduced, the ultimate configuration and scale
was not set. Given that this space vehicle would be operating in a low gravity atmosphere,
the orientation, based on our earth directions, as discussed in section 4.2 below, might very
well end up as some unknown combination. Designers might decide that modular units
could attach end-to-end, at right angles to each other, or some other configuration entirely.
In order to facilitate this modular adaptability, and to accommodate the fact that some
designers might not be experienced with the fabrication and installation of such a structure,
some design considerations were given to the mock-up. Thought was given to hardware,
modular adaptability, component complexity, component size, and accessibility.

Hardware was standardized and integrated to reduce complexity. All hardware was utilized
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the same size bolts for the main structure and the nut portion of the bolted construction
was integrated into the structure. This greatly reduced part count and improve the ease of
disassembly and reassembly. This also allowed for one size of wrench or socket.

The entire Scaled Section Platform (S.S.P.) could be seen as one main mock-up that was
created out of two modules. These modules were in turn comprised of eight components.
Each module was designed to be easily separated, rotated, and reattached. The placement of
hardware attachment points on the structure was mirrored so that these points would align
in any position. This feature was also implemented on the four individual components that
make up the modules as well. In this way, even if all eight components were separated, they
could be recombined in any order to avoid confusion and add to the ease of adaptability. The
individual components were all identical which further reduced complexity and they were
designed to be a size that could be easily lifted, manipulated, an attached to the mock-up.

The mock-up was designed to be free standing and structurally sound enough to support the
weight of designers walking throughout its interior or, if necessary, support the weight of
designers applying forces to the sidewalls, or suspended from the top portion of the mock-
up. An outer support lattice (See Figure 2 quadrant D) was designed to facilitate climbing

on the outside of the structure should installation of prototypes require it. This lattice was
divided into removeable sections should access be necessary (figure 3).

By reducing the number of parts, complexity of components, and creating components

in manageable sizes, there were also benefits to project cost and installation. Addressing
the part complexity meant that only 1/8" of the parts needed to be programmed by CNC
machinists. These initial programmed parts could be copied and re-run, greatly reducing
billed hours. Standardized parts allowed for a price break for ordering a larger quantity of
one type of hardware rather than small batches of many types. The size of the components
allowed for ease of transportation in a small truck, easy movement by two people, fitting
within the confines of a standard freight elevator, and could be easily handled by designers.
The individual components would be pre-assembled before being delivered to a studio
location and were ready to be configured as needed.

2.2 Configurations

Some intended configurations (see figure 2) were A. One full-length, full cross-section
longitudinal orientation intended to represent the entire constraints of the habitat module,
B. One set of a half-length, full cross-section longitudinal orientation and one half-length, full
cross-section vertical orientation, C. Multiple half-height sections and/or, D. Multiple quarter
sections. These mock-up design features were all intended to allow a variety of possible
experimentation by designers.
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C. D.

Figure 2 A range of mock-up configurations (CAD model).

Figure 3 SSP individual sections (built platform)

2.3 Empathic Research Platform

Normally, a similar vehicle design project might first progress through several stages before
a mock-up is developed. However, being that this project dealt with such an unknown area
of transportation design, it was hypothesized that having a realistic representation of the
space from the very beginning would provide some context. As well as becoming a platform
for prototyping, it was intended to become a platform for research and gaining empathy.
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Working within the mock-up would begin to give designers a sense of the confinement and
isolation experienced by astronauts (Stuster, 2010) and by using some of the configurations
shown in figure 2. Designers could begin to understand some of the human factor challenges
imposed by low gravity environments.

3. Scaled Section Platform (S.S.P.) — Course Experiment

3.1 Basic Application

In an effort to explore the implications of a sectioned approach to prototyping, these
prototype elements were utilized in a University of Washington Industrial Design studio class
setting that was designing for the topic of commercial space travel. Students were asked to
utilize these Scaled Section Platform (S.S.P.) prototypes in both the initial research portion
of their team projects as well as later in the actual ideation and design refinement phases.
The aims of this experiment was to observe and evaluate how students leveraged these
platforms throughout the class. A total of eight modular units were deployed in the studio
space where four were preassembled and the remaining four were left as independent
units. Particular focus was on the use of these prototyping structures as a flexible system
of components that might promote a range of applications throughout the entire design
process instead of just supporting one portion of the design visualization.

3.2 Course Structure and Implementation

This studio course was unique in that it explored the future of commercial space travel in
the year 2030 but was also an industry collaboration between the University of Washington
Industrial Design program and aviation industry sponsor, TEAGUE. This collaboration was
instrumental in establishing a strong grounding and professional context for designing for
transportation needs. With decades of experience in this field, the TEAGUE’s contribution
helped to guide several of the parameters of the course as well as some of the prototyping
platforms that were utilized in this studio class. As a leader in aviation design field, TEAGUE
was interested in exploring possibilities in this emergent form of travel. For over 70 years
TEAGUE has worked with Boeing to envision the future of flight [9].

The actual class structure was based on a single project and team work spread across the
quarter with individual deliverables contributing to the overall performance of the group’s
work. To best support the various research and design activities over this 11 week term, the
20 industrial design 4™ year students in the class were broken into teams of four. The class
met in a studio style format twice a week for three hours each meeting. These two meetings
were initially split each week between a range of activities including studio tours, lectures,
and workshops as a means of accelerating students into the research collection phase. The
overall design project was initialized with a secondary data research portion coupled with
primary research. This then advanced into a range of generative design activities exploiting
various sketching and prototyping methods with the ultimate aim of designing a unique
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vehicle interior and focused touchpoint (bed, lavatory, galley, etc.). Teams were asked to
conceive a seven day space journey within the cislunar area that started from Earth orbit,
travelled out and past the Moon and returned to Earth orbit for the year 2030. This journey
would be supported by three crew members and four passengers (tourists). Additionally, the
envelope of the vehicle interior was defined for teams and the key connection point to the
Scaled Section Platform (S.S.P.) prototype elements.

3.3 Prototype Usage in Studio Course

IMMERSIVE AND EMPATHIC RESEARCH

The student teams did not have direct contact with anyone that had spent time in space,
which required them to explore other research methods outside of traditional user-centered
observations and interviews. A portion of this was supplemented by secondary data but

the other main component was a series of student designed immersive and empathic
research experiments (Germany and Lund 2019). As many researchers have reported on the
importance of introducing empathic methods into design curriculum (Malins & McDonagh,
2008) (Feng, 2017), the goal of these initial experiments was to speculate and ultimately
emulate some of the experiences that future space travellers might experience. To that end,
students were tasked with examining the effects of isolation and physical constraints on
social and emotional wellbeing. To explore these elements, student teams utilized portions
of the S.S.P. prototype structures. They positioned these structures in full and partial
configurations in that allowed for a set of experiments. Team constrained tasks ranged for
group exercises like the ‘human puzzle’ or other games where individuals had to coordinate
their efforts to a single goal inside the closed space provided by the S.S.P. structures (figure
4).

Figure 4 Student immersive studies in S.S.P. structures

IDEATION AND CONCEPT EXPLORATION

After collecting research and synthesizing their findings, teams then moved on to exploring
a range of interior design concepts. Initial methods of exploration were done in sketch
form but these ideas were then advanced to 1/10™ scale section mock-ups (figure 5). These
scale mock-ups were constructed from tubular forms and cardboard elements to represent

1619



LUND, GERMANY

an abstract interior concept. These section pieces of tubular cardboard worked in a
conceptual parallel as being analogous to the % section pieces (2 unit) of the full scale S.S.P.
prototype structures. In starting with this small platform, students could quickly explore
and reconfigure their mock-up concepts and couple those design concepts with their direct
experience in the full scale S.S.P. structures.

Figure 5 1/10" scale team mock-ups

The 1/10% scale mock-ups were evaluated and a down selection was made. The advancing
designs were then enhanced through additional rounds of sketching. The next aim was to
begin working at full scale as quickly as possible to explore specific components of their
interior designs. To make this transition from reduced scale (1/10%) to sketch to full scale
mock-up, teams utilized 2D full scale wall drawings (figure 6) to generate starting templates
for their larger mock-ups. Beyond the direct template aspects of this wall drawing approach,
these were used to ideate around cross-sectional volume and to build an understanding of
the relationships between individual design components within the interior concept.

L i

Figure 6 Wall drawings to templates to component mock-ups

From wall drawing to paper template teams then utilized foam core and card board to
generate volumetric elements that were positioned within the Scaled Section Platform
structures (figure 7). The interior of the S.S.P. was most commonly skinned with a single
layer of foam core to act as a smooth wall and doubled as a pinnable surface for quickly
moving mock-up pieces in and out.
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Figure 7 SSP structure and volume mock-ups

Students repositioned these structures as 1/4, 1/2, and full sections in both horizontal and
vertical configurations depending on the mock-up elements they were exploring. One team
exploring the sleeping units utilized a horizontal configuration where another team that was
designing an observation bay positioned the S.S.P. After several rounds of prototyping, each
team narrowed down the final elements of their overall concept. Again, teams returned to
utilize the S.S.P. structure elements as their platform to display the final interior concept.
Using a mixture of foam core, paper, and fabrics, teams assembled their primary interior
touchpoints as a final presentation and exhibit (figure 8).
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l

/4

Figure 8 Final interior mock-ups (sleeping pods concept)

FINAL CONCEPTS VISUALIZATIONS

The S.S.P. proved to be an affective platform for all phases of the design process and greatly
aided the visualization for the final outcomes of this experiment. Each of the student teams
advanced the physical prototyping on the S.S.P. by developing a series of renderings and
visualizations that combined their speculative scenario with the primary touch point that
they focused on. Some teams identified flexibility in sleeping spaces as critical in their design
(figure 9) as other teams found that the shared open spaces in the vehicle were the key
driver in their concept (figure 10).
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Slingshot ergonomic support and strap system

Figure 9 Final concept example 1
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versatile public space

domed windows

Figure 10  Final concept example 2

4. Discussion

The results of the studio activities were primarily collected by faculty observations as well

as input from liaison designers from the industry sponsor, TEAGUE. Observations and
interactions occurred during regular class meetings throughout the quarter; specifically,
twice a week for three hours each meeting. The primary objectives were to observe how
student design teams utilized the Scaled Section Platforms (S.S.P.) from initial research
activities through iterative concept development all the way to final visualizations. The main
points based on these observations are highlighted in the following section.

4.1 S.5.P. and Research Activities

As previously outline, the premise of the studio was focused on commercial space travel

in the year 2030 and the speculative topic presented underlying challenges. One of those
challenges was devising a strategy for collecting insights about an activity (space travel) that
students could not directly experience and where there were no end users (astronauts) that
could be interviewed or observed within the scope of the class time. To that end, teams
leveraged the Scaled Section Platforms for several of their initial immersive research studies.
In providing an enclosed volume that was a full scale representation of the vehicle, the
students began to develop an understanding of some spatial orientation issues, limits on
personal space, as well as coordinating team movements inside a confined environment.

1623



LUND, GERMANY

4.2 S.S.P. and Design Activities

The rough full scale explorations using the S.S.P. structures provided a direct understanding
of the constraints exhibited inside the confined vehicle and allowed teams to empathize
with the future space travellers they were designing for. Accelerating their understanding

of the challenges and providing a feedback loop to the next round of prototyping. This
appeared to be particularly important when they were trying to achieve three main activities
in the design process. The first was translating sketch based concepts to full scale volume
mock-ups, the second was addressing the 3 axis layout of their design components where
there was no defined ceiling and floor and the last activity was the coordination of human
movements through the design interior. The last two were of particular importance in the
feedback and refinement of the team designs.

Beyond the research and design related activities, the overall performance of the S.S.P. units
was accessed throughout the studio course. The key take-away from those observations
was that the prototyping platform (S.S.P.) showed significant benefits in that it was a
modular, flexible and easy to deploy and redeploy tool that could be utilized not just at

the terminal portion of the design project but throughout the class. The modular aspects
allowed for design teams to explore interior design sections ranging from 1/4, 1/2 and full
tube configurations as well as stacking these full tubes in horizontal modules. This point
leads to its flexibility as students utilized the S.S.P. structures in both vertical and horizontal
orientations depending on their need. Lastly, because of the ribbed construction, units were
light enough that 2-3 students could move them around quickly. The remaining benefits
observed in this studio experiment were that the S.S.P. proved to be far more durable than
previously thought leading to their reuse over and over throughout the project.

4.3 Limitations

Although Scaled Section Platform prototyping structures appeared to support a range of
design activities in addition to their utility applications, there were several areas where
improvements could be made to future iterations. The first pain point was related to 1/4 and
1/2 section supports. When deployed in these configurations, the structures had stability
issues depending on the volumetric foam core models that were hung on them in the vertical
orientation. The work around to this issue proved to be the addition of secondary plywood
ground stabilizers or to anchor the section to a wall. The second issue exhibited during

the studio was related to the application of skinning materials to the inner ribbed surfaces.
The primary skinning material was white 1/4in foam core that required perforation cuts on
the back to accommodate the curved interior and mounted with wood screws. This was

the least resilient portion of the whole platform and required continued maintenance or
replacement as mock-ups were added and removed from the interior space or where foot
traffic impacted the surface. Future applications of the S.S.P. would require a more durable
surfacing sheet material like styrene or masonite. The last issue to this prototyping platform
was that it was modular and scalable but limited to a fixed diameter. For the studio class
experiment this was a problem but if applied to a wider range of vehicle applications, this
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could be a defining constraint.

5. Conclusion

When designers are tasked with the role of future forecaster, they engage in speculative

act that is aided by tangible analogues. These analogues can act as a platform for building
ideas as well as empathy in an effort to approximate the activities and experiences of end
users. The emergence of space tourism as a viable industry in the near future, will require
designers to develop concepts for experiences that are not readily replicated. The challenge
in developing a prototyping strategy for these experiences is to allow for enough flexibly and
adaption to facilitate a range of concept explorations. The Scaled Section Platform (S.S.P.)
prototyping structured outlined in this paper aimed to support this range of explorations
from initial immersive research to concept iteration to final visualization. This effort is in
alignment with other ‘experience prototyping’ strategies (Buchenau & Fulton Suri, 2000)
which focus on user understanding, exploring and communicating as the primary activities.
In the context of aerospace design, the S.S.P. prototype structures targeted the first and
second columns of Cohen’s (Cohen, 2012) “Design Research Matrix”, namely concept
development and design development but also allowed for primary immersive research
which precedes the concept development phase. The primary benefits of the S.S.P. system
is that it allows for a modular, flexible and easy to deploy and redeploy set of structures

that can accommodate much of the front end prototyping needs of vehicle interior design.
Additionally, these structures are reusable thus reducing time and money needed to move
to full scale mock-ups. The constraints to this strategy are limited to its fixed diameter and
challenges associated with developing a durable and reusable skinning surface. That being
said, the underlying strategy of the Scaled Section Platform is one that could prove to be

a promising solution to future spatial and space vehicle oriented design efforts. This is
particularly true for design teams that are still at the front end exploration phase of a project
as this acts as a relatively standardized platform much like a pencil and paper are for other
design activities.
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Abstract: Virtual reality (VR) has become an increasingly common tool in consumer
and professional settings. While there are many documented applications of industrial
designers using VR in large corporations, there is limited literature detailing applications
in studio-based education. This paper shares learnings from three case-studies
across undergraduate, postgraduate, and design research projects. These projects
share some of the possibilities and limitations of VR tools for future industrial design
practitioners. The application of these tools spans across the product development
process, from virtual 3D sketching and CAD modelling, visualization, usability testing
to co-design workshops with members of the public. VR has moved beyond just a tool
for visualization and decision making, and can now play an active role in all stages of
the design process. These projects detail the possibilities for VR in industrial design and
illuminate some of the challenges in teaching these emerging technologies and tools
to design students.

Keywords: virtual-reality; design education; emerging technology

1. Introduction

Virtual Reality (VR) is used to create immersive, three-dimensional (3D) virtual environments,
through visual and audio simulations. While VR technology has existed for decades, it has
only recently become a reliable, flexible, and affordable tool (Berg & Vance, 2017). With this
increased accessibility, VR is moving from a niche design tool used by large industry players
—in the well-financed product development contexts of automotive and aerospace —to an
affordable design tool that will be integrated into many product design contexts (Berg &
Vance, 2017).

These VR product development environments are increasingly desired due to their ability to
be used as an immersive test-bed for prototypes of product designs and proposals (Grajewski

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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et al., 2015), particularly in large scale projects. With VR, designers are less restricted to

2D concept visualizations as VR provides a means for designers to ‘interact with synthetic
object’ within a ‘rich immersive 3D experiences.” This immersion helps designers to be

more creative through a more direct engagement with their designs (Jimeno-Morenilla et

al., 2016, Abulrub et al., 2011). VR provides a relatively low-cost platform to quickly iterate,
test and prototype concepts within a 1:1 scale 3D environment. With these immersive
environments also providing additional communication tools to explain designs to clients and
external stakeholders. As VR becomes more common within the industry, sharing concepts
and experiences is becoming normalised, allowing for greater immersion and concept
understanding to be achieved.

Computer-aided design, digital sketching, and rapid prototyping technologies all had a
significant impact on the product development process. Like these technologies, VR offers
the potential to not just enhance the quality of the outputs of the industrial design process
(Lawson et al., 2016), but to have a significant impact on the design process itself. Industrial
design education needs to respond to the challenges of preparing young-designers for the
rapid changes that new technologies bring to the design process. Equipping students not
just with the skills needed to use these technologies, but with an experimental mindset and
openness to trying, learning, and incorporating new technologies in their design practice. VR
is an emerging technology highly related to 3D form development and provides a timely and
relevant experimental ground for furthering technological exploration with young designers.

This paper presents a series of three case studies that detail the application of VR tools in
the industrial design programs at Monash University in Melbourne, Australia. These case
studies are grounded within a review of published literature related to applications of VR in
industrial product development. Each of these projects demonstrates the possibilities and
limitations of virtual reality tools for future industrial design practitioners. The application
of these VR tools spans across the product development process, from virtual three-
dimensional sketching and CAD modelling to visualization, usability testing and co-design
activities in VR. We observe that VR has moved beyond just a tool for visualization and
decision making, and is now capable of playing an active role in all stages of the design
process. These case-studies illuminate some of the breadths of possibilities in the application
of VR tools for industrial design and highlight the challenges in teaching these essential new
tools to design students. Figure 1 is an example of a design developed in VR.
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gravity sketch

Figure 1 Gravity sketch (Gravity sketch 2019): drink bottle ideation

2. VR in industrial design and new product development: a review
of published literature.

There is limited literature describing the use of virtual reality tools in industrial design
education. Yet, in industry and academic publications there is a growing discussion of the
use of VR tools in new product development. Due to the previously high cost of VR devices
and the computers necessary for high-quality immersive virtual environments, these tools
are primarily discussed within high investment product development contexts such as in
automotive vehicle design (Lawson et al., 2016). Yet, as these tools become more affordable
and accessible they are trickling down to lower-investment product design contexts and
educational environments.

In commercial product development, VR tools are documented not just for visualization but
to also aid in the layout of manufacturing workflows, optimising assembly, and enhance
worker’s ergonomic comfort through simulating automotive assembly line production tasks
(Caputo et al., 2017). These tools are also used to assist in the visualization of customization
options, allowing complex products, with bespoke public transport fit-outs, to be easily
customized and visualized in consultation with the client (Gorski et al., 2016). In many
cases, these immersive visualizations can replace costly physical mockups and offer greater
experiential detail than flat two-dimensional visualizations. These highly realistic immersive
environments are allowing users to experience products earlier — and at more frequent
stages — throughout the design process. Conducting user observations and interviews in
virtual environments has been used to allow people with cognitive and other impairments
to describe their knowledge and experiences and evaluate designs (Wallergard et al.,

2008) in ways that allow for more controlled testing and evaluation environments than
physical mockups. Additionally, this tool enables visualizations to occur in context, virtual
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environments that reflect where the final design will be used (Grajewski et al., 2015; Rentzos
et al., 2014), allowing access to difficult contexts or currently non-existent environments
(Wallergard et al., 2008). Within these environments, designs can also be animated and
visualized in motion with added sound and other effects, adding realism that can be difficult
to achieve with physical properties alone.

Not all design is even intended for the real (physical) world anymore. The prevalence of
online, virtual communities, games and ‘realities’ is necessitating design methods that are
oriented exclusively for the virtual (Kohler et al., 2011). VR’s use in other aspects of product
development, such as manufacturing and training, is championing its use across all aspects
of new product development, including design. Utilizing these technologies increases the
compatibility of the design processes with these other functions (Lawson et al., 2016)
through common experiential access to CAD files. This allows for better collaboration and
review, with files able to be easily sent across the world.

In an educational environment, the application of blended learning within design

education (incorporating digital learning materials within traditional classes (Chen, Huang,
& Chou 2017)) has grown in recent years. Such approaches are said to improve learning
effectiveness, content accessibility, deliverability and flexibility, and costs (ibid) as they
provide alternative tools to deliver information, through active learning platforms. When
user-centred these tools have been identified with encouraging student curiosity and
motivations helping to improve their ability to learn (ibid; Herloa 2015). VR offers blended
learning opportunities, providing students with tools to learn and engage within realistic
real-world simulations, as well as environments to develop and assess their designs within
(Kirkley & Kirkley 2015). Digital designs allow files to easily be worked on at home by
students on personal computers and then shared in class in virtual reality environments. VR
supports a more natural and better intuitive understanding of scale and spatial relationships
in an experiential and direct manner (Chang 2017) compared to the abstraction of evaluating
CAD on a 2D screen. The directness of these interactions can reduce errors, by allowing
real-time editing within a direct 3D experience (Jimeno-Morenilla et al 2016). Overcoming
the errors caused by the abstraction of perspective and scale in 2D media (Dorta & Lalande
2014). Barriers to adopting VR as a blended learning tool are the users’ ability to learn and
engage with the new technologies (Kirkley & Kirkley 2015), as well as accessibility issues.
However, if effectively taught, one of the primary drivers of VR prototyping is the reduced
design development time and reduced costs when compared to physical prototyping (Caputu
et al., 2017; Wallergard, et al., 2008), particularly during the early design stages (Rentzos et
al., 2014) when multiple options may need to be explored, drastic changes happen often,
and detail may not be sufficient to create physical properties.

These environments allow for greater immersion and real-time interaction with the type of
early product design work that is often conducted in sketches and CAD systems. While 3D
CAD systems allow us to experience a design’s shape, materials, movements etc. they do
not allow for real-time interaction and immersion at scale in the way that VR environments
do (Rentzos et al., 2014). This allows for more than just visualization but extends to allowing
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formative testing, experimentation, simulation and evaluation within the early stages of
design. Conducting usability testing in VR allows data about users (such as reaction times,
or eye-tracking) to be comprehensively captured and analyzed, such as through motion
capture (Caputu et al., 2017) enhancing the role of virtual prototypes in design validation.
Data can also be captured through video and other data points such as reaction times can
easily be quantified in software. This data can also be used to demonstrate compliance with
ergonomic and other standards (Caputu et al., 2017).

Beyond the challenges and learning that is always present with new technologies, VR fits
easily within product development as it is able to leverage these existing CAD development
processes. In this way, VR evaluation can be seen as an extension of conventional CAD
tools (Rentzos et al., 2014), with designers able to seamlessly move between these tools
while using a common file language. This workflow offers a more direct experience of the
object being designed and evaluated than forms of more abstract representation such as
engineering drawings, sketches, or 3D models viewed on 2D displays. Allowing designers
to have direct experiences with form manipulation analogous to working with a material
such as clay, but with the benefits of digital technologies (such as undo, infinite materials,
changing scales etc.) (Dorta & Lalande, 1998). This can be compared with analogous trends
in digital 2D sketching, which is now a firmly established part of a modern industrial design
process and offers similar advantages of the direct experience of sketching, paired with the
advantages of infinite brushes, undos, colours and a direct integration between other image
editing and image generating software (such as sketching directly over a CAD underlay).

This provides an additional means of exploring, testing, validating, and visualizing designs
early in the design process increases the quality of the final design output (Lawson et

al., 2016) through increasing opportunities for design validation. At the same time, the
integration of these tools with the CAD workflow can speed up the design process and
reduce time to market (Lawson et al., 2015). This allows designers to make better product
design decisions through overcoming the limits of 2D visualization methods (Jimeno-
Morenilla et al., 2016). This is similar to the way 3D printing and digital fabrication allows a
more direct connection between design and prototyping. The following diagram (Figure 2) is
a representation of how VR tools can be placed to help connect design methods and advance
the design process. CAD is the centre of the diagram, with its development being a central
anchor for multiple different virtual and physical fabrication techniques.
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Figure 2 VR design process diagram

The development and application of new technologies is a key factor for success in an
increasingly competitive market that requires faster time-to-market and ever-higher

quality of products (Choi and Cheung, 2008; Lawson et al., 2016). Design is an iterative
process wWhereby alternatives are constantly created and evaluated against other options/
concepts. This iteration is one of the most expensive and time-consuming aspects of design
development with up to 70% of the total cost of a product can occur in this design phase
(Lawson et al., 2016). Virtual mockups can replace physical ones, saving time and money
(Shao et al., 2012). Additionally, they simplify the review process as virtual models don’t
need to be modified and rebuilt (Kim et al., 2011 via Lawson et al., 2015) to match changes
in digital CAD files, but can be reviewed in VR directly within the CAD environment. Using VR
rather than building physical prototypes also allows for quicker iterations between design
changes and showing the design to the client — or other stakeholders — between design
changes as workflows can go directly from CAD to VR without the complexity and cost of
building or editing physical mockups (Gorski et al., 2016). Multiple concepts, changes and
modifications can be toggled on and off and reviewed side by side, by both designers and
clients. Training can also be enhanced through immersive environments that allow for direct
interaction with a product before it is constructed (Grajewski et al., 2015). This allows for
better communication with clients ahead of design signoff as they have a better experience
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of the design, and an increased cooperative understanding (Gorski et al., 2016).

2.1 Current software and hardware technologies for VR in industrial design

Virtual reality technology consists of a spectrum of different configurations and setups,
each providing various levels of engagement, cost and ease of use. For simplicity, virtual
environments can be divided into two main categories to indicate the level of immersion the
technology provides the user. Firstly, full immersion refers to users being fully surrounded
by the virtual environment, helping to provide full audio and 1:1 scale visual experiences
(Wallergard et al., 2008). Full immersion hardware configurations include Computer
Automatic Virtual Environments (CAVE) and virtual reality headset systems. Secondly, semi
and non-immersion consist of virtual environments such as desktop computer games or
vehicle simulator rigs that allow people to experience the virtual environment whilst still
being fully aware of the real world (Wallergard et al., 2008). Other virtual visualisation tools
that can be considered within design education include augmented reality and mixed reality
configurations, however, they are considered out of scope for this paper.

The virtual reality communication tools used within the following case studies centred
around virtual reality headsets which incorporate screens and sounds to place the user
within a 360-degree virtual environment. These headsets can be driven by computers with
high processing power and a surrounding rig of sensors and controls to provide motion
detection (eg. Oculus Rift, HTC VIVE). Additional headsets can be powered by mobile or
tablet devices, where the device is inserted into the headset providing a screen for use (eg.
Google Cardboard). The Oculus Quest; a computer, cable and sensor free version of the VR
headsets, provides portability, accessibility, ease of use and cost-effectiveness to the VR
field. The portability of the combined headset and controller arrangement allows increased
access to VR software and applications within the classroom and between different site
locations, encouraging borrowing, and VR engagement throughout the design process.
Additionally, mirroring the viewpoint of the headset grants shared VR experiences and virtual
presentations to be made, encouraging collaboration and discussion to take place between
others and the headset user.

Programs such a Gravity Sketch (2019) allow designers to easily pick up, move and scale
their designs during their creation. This provides additional layers to the traditional design
process, allowing 3D development to be more of an engagement and a necessity during
the designing process. The incorporation of Unity (2019) - traditionally gaming software
skills - to the designer’s toolkit allows designers to go beyond the development of a
single product, allowing a means of developing product and service iteration, as well as
realistic environments, interactions and digital signage within an overall environment.
These environments can provide a more accurate simulation for usability testing and
behaviour understanding from a first-person perspective. Allowing designers to use VR to
tell, and evaluate, ‘stories’ about a design (Berg & Vance, 2016), enabling people to ‘walk’
people through the experience. These tools are particularly important with products that
incorporate digital and service components within their designs.
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3. Case-studies of VR in industrial design education

As virtual reality continues to gain prominence within the industry, design education has
begun to shift, allowing students to gain knowledge surrounding virtual technologies and
the opportunities they provide within the traditional design process. Three case studies will
be discussed, detailing how VR can be applied within educational settings to help lead the
design process.

3.1 VR as a tool for early ideation and exploration

A semester-long industrial design studio based unit was developed that emphasised product
development through virtual reality. This unit focused on how virtual tools can be applied
throughout the design process to lead ideation and transition concepts towards physical
outcomes. To prepare students for changing technological environments, the unit was
structured to teach both software skills and independent project development. Independent
learning and broad project scope was incorporated to encourage digital technology
adaptability, allowing students the freedom to choose and apply appropriate tools based on
individual project requirements.

The project focused on the development of smart home devices, with an emphasis of
incorporating apps, digital displays and services in relation to the product. Exploring these
different components as well as the incorporation of Gravity Sketch and Unity programs,
allows students to learn and test different capabilities of VR within the single project. Gravity
Sketch and activities such as virtual crazy 8’s (Google, 2019) are used at the beginning of the
design process to initiate design generation and allow students to become familiar with the
hardware and software. As students progress through the unit, students are able to

use different VR tools to help design and express different elements of their designs.

For example, Gravity sketch could be continually used to bridge sketching, CAD, and 3D
printing, where scale and correct 3D form could be developed. Alternatively, Unity could be
incorporated to allow coding and animation to detail product interaction further, providing
an additional platform for design iteration, see Figure 3. This structure challenges students
to work out how virtual tools fit within their design process and how they can be used to
create or inform their work. Similar to Jimeno-Morenilla et al., (2016) findings, these creative
and thought-provoking processes which VR possess are believed to encourage active student
participation during the design process as well as increased motivation.
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Figure 3 VR design process using Unity software

VR application within the design process is believed to strengthen the diverse abilities of
students, including enhancing their creativity (Abulrub, Attridge & Williams 2011 as cited in
Jimeno-Morenilla et al., 2016) and engages them with autonomous learning environments.
These kinds of autonomous learning environments are essential for preparing modern
designers to adapt to the constantly changing technology tools and practices of modern
design.

3.2 Evaluating usability and user experience in virtual environments

The second case study consisted of an industrial design practice-based PhD project, that
used virtual reality as a means of conducting formative usability testing to better understand
bus user experiences and validate design outcomes (Roberts 2020). As human research was
undertaken Monash University ethical approval was gained - 9513.

As established, VR provides a low cost and time-efficient platform for establishing immersive
3D, context-specific, environments that early stage usability testing can be performed within
(Caputu et al., 2017; Rentzos et al. 2014; Wallergard, Eriksson & Johansson 2008). These
environments allow ergonomics, usability, aesthetics, scale and many other attributes to be
assessed and improved quickly.

During early design stages of product development, formative testing is preferred as it allows
concept validation, and feedback to be developed and applied as the project continues to
develop (Falcdo & Soares 2013; Hannington & Martin 2012; Jerald 2015). By placing the
participant within a realistic environment and correct emotional context, more accurate
product experiences can be met, resulting in more closely represented responses and real-
world comparisons (Cooper & Evans 2006; Jerald 2015; Lindley, Sharma & Potts 2014).

The project’s virtual environment was developed using Unity, enabling products, services
and apps to be developed and tested cohesively. This arrangement allowed alternative
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scenarios as well as multiple iterations of products and services to be developed, providing
a repeatable method to test general use, service failures and other points of difference
within. The testing scenarios were set within a 1:1 scale, 360° accessible, low-polygon,
highly saturated and cartoon aesthetically styled world (Figure 4). This style was designed
to help prevent latency caused by hardware limitations, as well as to elicit a less refined

and playful environment encouraging critique and creativity. Multiple alternative activities
were undertaken to test environments with altered services, and product installations to
determine a variety of interaction scenarios. During the activities, the headset imagery was
cast onto a computer screen, visible to the facilitator (Figure 5). This coupled with the think-
out-loud approach helped the researcher to gain a first-person view of the scenario and
usability being undertaken, helping to build an empathic understanding of the design’s value
and failures.

Figure 4 Virtual environment

Figure 5 Outside the virtual environment
The VR usability testing was considered a successful way to conduct quick, formative testing,

to gain qualitative information that can further inform the concept development process
and to be controllable over differing testing environments. This low-cost, but highly complex,
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research simulation was especially well suited to a PhD research project, as it allowed a
single researcher to conduct testing with a moderate budget.

Specific attention was given to user reaction during testing to determine the value of virtual
environments during complex scenarios. Even with the low fidelity environment, participants
(after the primer activity) interacted with the bus environment as expected, following
footpaths, checking bus stop signage etc. Interestingly during one scene where the bus was
delayed and unexpectedly missed the stop, the participants gave similar reactions and asked
similar questions to what has been observed within similar real-world scenarios, helping

to validate the potential worth of the tool. Although VR cannot replace real-world usability
testing, it provides a great alternative for collecting qualitative user behaviour early on,
helping to shape designs towards more user-centred solutions.

3.3 VR tools for co-designing with non-designers

CoMake Melbourne (MUHREC 19365) was an initiative funded by the Lord Mayor’s
Charitable Foundation run across 2019 with 15-24 year old students who have fallen outside
mainstream education to help prepare them for the future of work. A team of academics
from Monash University and RMIT collaborated with partners from Gateway School, Youth
Central Broadmeadows, and Hume City Council to deliver a program aimed at fostering
intrinsically motivated learner-led learning. Over the year we ran weekly sessions designed
to develop participants’ ‘soft’ and ‘hard’ skills for more adaptive, technologically adept and
resilient skills acquisition. The project team worked intensively with the participants to gain
a grasp of cutting edge technologies like 3D printing, virtual reality, digital media production
and media broadcasting, but also to develop future-of-work personal traits such as curiosity,
tenacity, peer-to-peer sharing, and emotional resilience. Our primary motivation was to
discover how we might use hands-on making to generate engaged learning of future-of-
work-skills for those who do not have access to them through traditional school learning.

As a hands-on future-of-work technical skill, the project team introduced digital modelling

in virtual reality using Oculus Quest Headsets with the applications Tiltbrush and Gravity
Sketch. As learning facilitators we had very little experience with the tools, having briefly
encountered them only a week prior to giving them to participants to use. On the first week
of the program, the participants were briefly introduced to the applications then left to their
own devices to develop digital models at 1:1 scale in virtual space through unstructured play.
Our aim was then to translate these to physical models through 3D printing, laser cutting and
CNC routing to replicate what we anticipate future industry processes to be.

Our proposition was that, given the ability to see and ‘feel’ products at full size using
intuitive modelling tools, the tools themselves begin to disappear into the background and
imagination can come to the foreground through ‘hands-on’ digitally mediated making. Both
Tiltbrush and Gravity Sketch allow participants to ‘sketch’ in 3D using surface-generating
brushes controlled by controller handsets. We paired the learning of the modelling
applications with other games available on the Oculus Quest platform which shared many of
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the control and interactivity mechanisms as the digital modelling applications. This allowed
seamless, fluid intuitive and embodied interaction across the applications providing tacit
dexterity shared between the digital modelling applications and games. Like the games,

the applications were designed with simple and intuitive interfaces, menu systems and
controls that directly relate to coordinated body movement. We found this reduced the
abstract thinking required when using a mouse or other controllers in industry-standard CAD
programs like Solidworks and Rhino.

Given the user is ‘in’ the modelling environment and the controllers are represented, the
virtual reality process effectively removes the need to translate 2D sketch to 3D form through
a CAD program and/or production drawings, modelling directly through sketching in a
cartesian environment. This reduces barriers to making sophisticated objects that can be
made through digital-physical production tools. Even though we provided very little tuition
and relied on the participant’s curiosity to drive their learning, those who were interested
enough to engage with the technology were able to develop sketch models that were
thoughtfully ‘designed’ within the space of an hour and continue building on this learning at
their own pace according to each project’s needs moment by moment.

4. Conclusion

This paper expresses the importance of introducing VR to industrial design education, to
prepare students for the shifting trend towards virtual design tools. Emerging technologies
are increasingly becoming part of industry design teams and are driving shifts in how young
designers practice. The development of methodologies to successfully teach technology
resilience and adaptability to industrial designers is necessary. Numerous literature was
found to discuss the applications and benefits of VR to provide cost-effective design
evaluation and development during the early design process. However, limited literature
discussed studio-based education practice and methods of teaching VR skills and processes
to industrial design students, so that they can be prepared for shifts in industry practice. This
paper discussed three case studies that emphasised the benefits, challenges and methods of
teaching VR within an industrial design context. This discussion focused on the application of
VR to aid the design process at various stages from concept development to usability testing.

The advantage of using VR tools within design education was found to offer additional tools
for students to undertake the design process, allowing blended learning opportunities and
engagement to take place. Currently, within industrial design education, the application of
blended learning and digital software is rapidly expanding, with CAD being a central point of
design development, communication, and fabrication (see Figure 2). VR was found during the
literature and case studies to offer alternative tools to develop, evaluate and present CAD
product designs, within contextual, 1:1, immersive 3D spaces. Whilst encouraging service,
interface and environmental relations to be continuously considered and assessed during the
product design process. Additionally, VR tools promoted the following:
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¢ Develop and test designs within a realistic 1:1 scale environment.

e Quick generation and modifiable designs, encouraging iterative usability testing
and human insights to be gained at early design stages.

e Easy transferral of CAD files, allowing designs to be constructed and evaluated
remotely.

e Oculus Quest VR headsets allow for cost-effective and portable headset solutions.

¢ VR software allows 3D sketch generation and interactive scenario development
tools.

¢ VR challenges students to become adaptive to applying new technologies to
the design process. A skill that will encourage greater technology flexibility with
emerging technologies during their careers.

Lessons and limitations of VR in industrial design education learnt from the studies and
literature are described.

* Objects can be difficult to perceive and interact with due to depth perceptions,
especially near scale applications (Lawson et al., 2015) and the lack of haptic
feedback including the absence of object weight, tactility and force (Lawson et al.,
2015). The lack of fine-grained levels of hand control is limited in most VR systems,
this affects physical touch, causing indirect manipulation of the digital product to
take place and making design evaluations such as ergonomics and tactile functions
difficult to assess (Kuutti at el. 2001; Ran & Wang 2011). Augmented reality and
mixed reality (Ran & Wang 2011) can bridge these limitations.

¢ Limited sensory attributes caused by headset usage, can cause isolating, limiting
virtual collaboration amongst students and communication during usability
testing. To help encourage communication, think-out-loud approaches, casting VR
screens to monitors, limited audio usage and screen projections were used. CAVE
like systems are also suggested as an alternative solution to encourage virtual
collaborative spaces.

¢ Motion sickness and latency problems caused by headset usage and hardware
limitation can influence usability and can cause attritional biases (Jerald 2015).
Low polygon designs and less asset inclusion can help reduce this with designers
needing to be aware of their scenes capabilities.

e Students are required to learn additional skills to be able to implement their
projects within virtual environments.

¢ VR hardware is rapidly evolving and can be expensive and tedious to continuously
install and uninstall. The Oculus Quest headset featuring minimum cables and
inbuilt computer provides a solution.

e The lack of familiarity students have with VR tools, and the lack of industry-
standard processes and tutorials.

Despite the above limitations, VR was identified as an important tool to help lead and
advance the design process, providing multiple avenues for creativity and iteration to be
developed within a 3D context. These case studies identified future work to help teach
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virtual reality tools consisting of a better understanding and application of mixed reality and
augmented reality tools within industrial design education. Adapting mixed reality processes
so students can learn to integrate physical and digital products allows ergonomics and tactile
usability of a product to be assessed. Figure 6 is an example of how physical objects such as
a bus stop, can help mentally and physically prepare users for the environment within the
virtual reality headset.

Figure 6 Virtual reality bus stop. Part of Roberts (2020) thesis exhibition.

Further understanding and translating of traditional design methods — from early ideation
to usability testing — across to virtual tools is also considered an area of future exploration.
Current connections between VR and traditional design methods are currently limited
beyond visualization, VR can be implemented across the breadth of activities within the
industrial design process and further development in the technology will only open up
additional exciting possibilities for industrial design.
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Abstract: The conceptual distance between the inspiration source and the design
subject affects the performance of idea generation. Despite many studies about
the significance of distant or near sources of inspiration to boost design creativity,
which source of inspiration plays a greater role remains unclear. This paper explores
the benefit of incorporating both distant and near sources of inspiration in concept
generation in a design studio context. An idea-generation process is implemented in
a third-year industrial design studio for three years. The project outcome indicates a
potential advantage in guiding students to collect and organize diverse inspirational
sources to improve their design productivity and quality. While the distant source of
inspiration advocates the ideas’ novelty and originality, the near source of inspiration
supports design quality and details in further development.

Keywords: passion; inspiration; concept generation; creativity

1. Introduction

The designer’s creative process of generating ideas is a domain filled with research studies

in the design community. In the process of ideation, designers usually do not generate new
designs completely from scratch. Instead, they learn from existing designs, integrate and
transform multiple elements into something new (Jasson & Smith, 1991) (Marsh, Ward, &
Landau, 1999). As an effective way to spark innovation, “different sources of inspiration have
been a focus on the study for years about the relevance between the inspiration source and
the productivity of idea generation” (Eckert & Stacey, 1998). Researchers try to identify which
type of sources that impact the idea generation process in a greater positive way (Chan,

Dow, & Schunn, 2015). Inspirations are generally categorized into two sources: “incidental
knowledge from daily experiences, and intentional learning in a particular domain” (Purcell &
Gero, 1996). Both sources of inspiration play a role in the designers’ creative process. Forms
of inspiration is another matter being investigated. While inspirations can take many forms
such as texts, audios, tactile senses, sketches, diagrams, works of art, designers tend to work

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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better with visual forms (Keller, Pasman, & Stappers, 2006) (Cheng, Megge, & Schoormans,
2014). While research has shown that rich visual inspirations enable designers to create more
original designs than lacking supplementary sources of inspiration (Goldschmidt & Smolkov,
2006), “inspirational texts also improve the quality of design solutions in terms of originality”
(Goldschmidt & Sever, Inspiring design ideas with texts, 2011).

1.1 Near and Distant Sources of Inspiration

Conceptual distance is a term to describe how different the inspirational stimuli or analogy
is from the design subject or the problem domain (Chan, Dow, & Schunn, 2015). Most
sources of inspiration can be characterized as a near or distant source of inspiration. “Near
or distant sources of inspiration influence the idea generation process in different ways”
(Chan, Dow, & Schunn, 2015). So, which type of inspiration will likely play a greater role

in the creative process? What are the best sources of inspiration for the design? Current
studies show a mixed view of both sources in supporting the creative design process. Many
researchers, mostly studying the role of analogy in creative problem solving, proposed that
far sources of inspiration are likely to be the best source for aiding creative breakthroughs
(Gentner & Markman, 1997); (Ward, 1998). Specifically, a process called” Conceptual Leap
Hypothesis” is established by consistently identifying creative discoveries such as George
Mestral’s invention of Velcro by analogy to burdock root seeds (Freeman & Golden, 1997).
However, other recent studies show “an equivalent benefit from near and distant sources
of inspiration” (Enkel & Gassmann, 2010). While distant sources were more impactful in the
middle of the ideation process, “distant sources not always led to more novel ideas” (Tseng,
Moss, Cagan, & Kotovsky, 2008). In some cases, research revealed that “distant sources of
stimuli even caused lower novelty and quality of ideas than near sources” (Fu, et al., 2013).
Other studies also propose that “conceptual distance of the inspiration sometimes does not
matter, but the within-domain expertise is a primary driver of creative cognition.”. The study
indicates that creative design ideas are more likely to come from relying on a predominant
source (Chan, Dow, & Schunn, 2015).

Due to methodological limitations (Chan, et al., 2011), a lack of statistical power (Chiu & Shu,
2012), and substantial problem variation in different studies (Goldschmidt & Smolkov, 2006)
(Liikkanen & Perttula, 2008), more empirical work is called to investigate “the functional
factors of inspiration sources” (Chan, Dow, & Schunn, 2015). On the other side, for design
concept generation, the supporting role of both distant and near sources of inspiration have
been validated explicitly in all studies. In design education, a more relevant question is how
to utilize both sources of inspirations to support and enhance students’ idea generation.

1.2 Inspiration versus Fixation

While stimuli are widely exploited as inspirational sources in the idea generation with
positive outcomes, studies have also revealed that consulting existing designs may instead
negatively impact the quality of the design solution. When individuals are given a solution
example as a reference, they often tend to produce solutions similar to the example
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provided. This effect is called “Design Fixation” (Crilly, 2015). Since Jansson and Smith’s

first study, the idea of design fixation has fascinated researchers from different fields. “The
interpretation of design fixation has been narrowed or broadened from its original meaning”
(Youmans & Arciszewski, 2014). While narrower interpretations focus on designers’
tendency to build new concepts that conform to a shown example (Finke, 1996), “broader
interpretations consider any cognitive or process interference that affects the design work”
(Perttula & Sipila, 2007).

To be more relevant to the ideation generation process in this study, fixation in design

refers to “the phenomenon that designers adhere to a couple of existing ideas or concepts
unconsciously” (Jasson & Smith, 1991). It is a broad phenomenon commonly seen in
engineering, industrial, and architecture designs (Jasson & Smith, 1991) (Purcell & Gero,
1996). Experiments demonstrated that participants without being exposed to a solution
example, tend to generate more novel ideas. The more individuals learn from the referencing
examples, the smaller the number of ideas they can generate. On the other side, through
studying existing examples, participants will likely improve their designs in terms of quality
(Sio, Kotovsky, & Cagan, 2015). Studies also show that expert designers will likely be aware
of and recognize their fixation episodes. They learn about causes and indicators of fixation
which can help them to be more sensitive and “guard them against such fixation episodes in
the future” (Crilly, 2015). With a respect to the fixation risk discussed in the literature, the
ideation process in this study was designed to avoid or minimize the chances of fixation by
delaying the introduction of near sources of inspiration to students.

1.3 Sketching Abstraction

Sketching is an essential step in the designers’ creative process. Studies approve that
sketching plays a critical role not just in documenting and communicating ideas but affecting
a designer’s creativity in idea generation. “In sketching, two mental processes revealed
themselves as critical in the creative process: Restructuring and Combining.” (Verstijnen,
Hennessey, Leeuwen, Hamel, & Goldschmidt, 1998). These two processes are imperative

in the idea generation process. Design experts consciously combine and restructure their
ideas to achieve high productivity and quality. In terms of sketching behavior, some expert
designers tend to create simple sketches and rapidly generate a high number of sketches

in the early stage of ideation. To avoid distracting designers from focusing on a few ideas,
sketch rendering, perspective drawing, and high-level details should be delayed in the early
stage of sketching (Linsey, et al., 2011) (Booth, Elkin, Karthik, & Tahira, 2016).

A sketching process in capturing certain characteristics of objects in an abstractive way is
understood as a generic abstraction (Zhang & Norman, 1994). The study shows “generic
abstraction through sketching is an effective exploration strategy that fosters creativity

in design” (Dogan & Nersessiam, 2010). With an intent to enhance students’ creativity in
ideation, a generic abstraction process through sketching was integrated into the ideation
process in this study.
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2. Method: an individual passion-driven process

With an intent to take advantage of both near and distant sources of inspiration, an idea
generation process is devised to incorporate activities exploiting both sources. The course
framework is shown in figure 1. Both distant and near sources of inspiration were integrated
into a parallel process.

Distant source of inspiration: Individual interest

Individual Concept
Interests i Generation

\ Concept Final
Development Design

Near source of inspiration: Chair & funiture

Figure 1 A concept generation process is driven by distant and near sources of inspiration.

Intentionally, the research activity was designed to tap into students’ passion for design as
a distant source of inspiration. Specifically, students were asked to search for things that
interest them the most in design including man-made products or natural objects. These
things were represented by images. Through comparing and grouping, these objects were
summarized into several key attributes with visual representations. The outcome was
developed into one imageboard. Then through a visual-abstraction drawing exercise, these
attributes and visuals were simplified into basic sets of lines, shapes, and symbols. Based
on these abstract drawings, students started their initial idea generation with an attempt
to transform them into a surface or form for sitting. In terms of utilizing near sources of
inspiration, a study on the same or similar product samples was included on a parallel

but delayed path. Students were given opportunities to examine good design products in
person. In addition to a general exploration, students were required to conduct a focused
examination of products through a sketching process including perspective drawings of
the whole piece as well as detailed drawings of parts of the product. Based on the learning
from the literature, near sources of inspiration were planned mainly to support students in
further design development. After the concept generation, both sources of inspiration were
integrated into the concept development and final design execution.

To manage a project through this process with clear and visible indicators in each step,
a tangible and straightforward simple product is selected as the design challenge for the
experimentation. It is to design a chair with a set of criteria as following:

¢ A chair of the original design should be aesthetically pleasing.
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e Create an offering that can be marketed to the context of residential and/or
contract trade.

e Any material or combination of materials will be accepted.

e The chair should be appropriate for manufacturing, fiscally feasible, and suitable
for mass production.

The generally open design requirement provided a wide space for students’ ideation
exercise.

3. Case study

This method was applied to the same project in an industrial design junior studio in the fall
of 2017, 2018, and 2019. The class size ranges from 14 to 16 students. Since the detailed
project description, learning process, and requirement remains virtually the same in three
studios, the detailed narrative of the case study will not hinge on by years, but be treated as
one case.

STEP 1. PERSONAL INTEREST EXPLORATION.

Students were instructed to search for their interests in design and reflect on subjects they
are most passionate about. The subject is open to everything including objects, memorable
experiences, enjoyed activities, and so on. Students had a week to conduct this activity. They
were tasked to identify three to five key attributes in adjectives representing their interests.
Then they would collect a set of visual images embodying these attributes, compile them
onto an imageboard. Their board should be structured by the attributes. Figure 2 shows
three samples of students’ exercise. The theme of the board a. is power. Primary attributes
are sharply rising, high contrast, aggressive and angular. The image collection covers a wide
range of things from movie characters to architectures. The theme of the board b. is music.
This student plays drums in a band and loves music. His board is filled with flowing music
notes in all forms. The theme of board c. is nature. Primary attributes are layered lively
forms, heavy vs. light, manipulation of materials, soft vs. hard, asymmetric patterns. The
board is occupied by striking natural landscapes and creatures.
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Figure 2 A collection of individual’s interests visualized as a distant source of inspiration.

STEP 2. VISUAL ABSTRACTION

When the board was completed, students were advised to transform the essence of their
visual interests on the board into simplified abstractive forms composed of dots, lines,
planes, and surfaces. This drawing exercise was limited in 15 minutes. Students were
instructed to focus on the quantity but not the quality of ideas. They did not have much
time to draw more details but go through a brief visual reduction process to translate visual
elements into simple lines and forms. Although their drawings were minimal and abstract,
most of them captured the essence of visual elements successfully. As shown in figure 3,
simple lines and curves were mostly seen in drawings. Figure 3 shows two sample drawing
collections. Drawings on board a. are done by the student inspired by music as shown in
figure 2. Drawings on board b. are done by the student inspired by nature. While most of
the students learned and mastered this abstraction process, a few students had trouble to
simplify their visuals to abstract representations. They tend to draw more detailed forms
shown on their image boards. Board c. is such an example. The students’ original inspirations
are many animals. Images of specific animal heads, overall body, and body parts were noted
in detailed sketches.
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Figure 3 Examples of visual abstraction.

STEP 3. CONCEPT GENERATION

Based on their abstractive drawings, students started sketching their chair concepts. To avoid
inhabitation in concept generation by a confined concept of chair analogy, the established
concept of ‘Chair’ was replaced by ‘a sitting surface’ in this exercise. This exercise was also
timed within 15 minutes. Again, they were instructed to focus on the quantity but not the
quality of drawings. Under the influence of their inspirational drawings, in simple lines and

forms, students tried to draw as many concepts as possible, but not spend much time in
drawing details.
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Figure 4 An example of students’ initial ideation concept

STEP 4. EXPLORATION ON NEAR SOURCES OF INSPIRATION

While students were generating their initial concepts, they were led to a local Design Within
Reach (DWR) showroom to study chairs and furniture. This showroom showcases about 50
well-designed chairs including some classic modern designs. Students were instructed to
conduct sketching exercise onsite and drew a minimal 5 chairs from multiple perspectives.
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To improve students’ chair design vocabulary, analytical sketching exercise was designed
into this process. Right after the field trip to DWR, students were asked to draw their most
favorite 5 chairs from the memory in two different perspectives plus 3 details of each chair.
This exercise was timed for 30 minutes but extended to 45 minutes. Most students faced a
challenge to draw from memory with relatively high quality and accuracy.

Figure 5 Onsite study at a Design Within Reach showroom.

STEP 5. FURTHER DEVELOPMENT

After onsite study and drawing exercises, students gained more knowledge about the
fundamentals of designing a chair: sizing and proportion, sitting topologies, joineries,
materials, and sitting ergonomics. They were prepared to develop their concepts into final
designs in terms of applying the real materials to a full-scale prototype. Through iterations
of drawings and prototypes, the chair structures were modified and developed with enough
strength to sustain a person up to 250 Ibs. The chair designs were also finalized with real
materials and finishes. By the end of the project, students were required to build a fully
functional appearance prototype which will be reviewed in a jury.

Figure 6 An example of design development from initial concept sketches to the final prototype.

3.1. Design Assessment

Each year, students’ works were reviewed by a panel of jurors composed of a mix of
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professional designers and design faculties. Studio instructors were excluded from the final
review to avoid subjective views. The same review sheet was used through three years as
shown in figure 5. Jurors evaluated students’ designs based on 5 listed criteria: originality,
aesthetic quality, functionality, craftsmanship, and feasibility for mass production. More
rating details were listed in the sheet for the juror’s reference.

PROJECT NAME:

CRITERIA SCORE
ORIGINALITY

A CHAIR/FURNITURE OF THE ORIGINAL DESIGN, CREATING A STRONG SOUL
AESTHETICS QUALITY

CHAIR/FURNITURE MUST BE AESTHETICALLY PLEASING

FUNCTIONALITY

SCALES, PROPORTION, SITTING ERGONOMICS

CRAFTSMANSHIP

THE QUALITY OF MAKING: APPROPRIATE PROCESS, MATERIALS, FINISHES, DETAILS
MASS PRODUCTION

FISCALLY FEASIBLE AND SUITABLE WITHIN THE CONSTRAINTS OF MASS PRODUCTION

(1-5 RATING SCALE: 1 1S POOR, 2 IS AVERAGE, 3 IS GOOD, 4 IS EXCELLENT, 5 IS EXCEPTIONAL)

Figure 7 Jury evaluation criteria.

Juror’s review summary is shown in table 1. Based on the assessments performed by the
jurors, overall, students’ work’s scored 4 out of 5 in originality over three years and scored
3.92 in aesthetic quality. Students who fully engaged in the concept generation path, likely
created more original work comparing to the rest of the students. On the other side, a few
students had a hard time to follow through the process and quickly settled on a few ideas at
the beginning, likely their designs were a close interpretation or iteration of some existing
chairs.

Table 1 Mean values of jury assessment based on the rating scale of 1 to 5.
Criteria 2017 2018 2019 Average
Originality 3.75 4 4.25 4
Aesthetic quality 3.25 4 4.5 3.92
Functionality 35 4 4 3.83
Craftsmanship 3.25 3.5 3.75 35
Mass production 3.25 3.5 3.5 3.41

An external evaluation was realized through a design competition. For two years, some
students’ designs were recommended to participate in a furniture design competition which
is a nationwide competition open to all design institutions. Both years, student’s designs
were recognized by the competition judges. In 2018, for the first time to participate in this
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competition as a school, Michael L. Dillon’s chair ‘ERGO’ won the first place. In 2019, Dymon
Johnson’s chair ‘LUFT’ won second place. Both chairs are shown in figure 8.
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Figure 8 The Furniture Design Competition winners: ERGO, the first place in 2018, LUFT, second
place in 2019.

4. Observation and discussion

This process has been implemented over three years in a junior industrial design studio in
the fall semester. Three years of experimentation revealed some results consistently in terms
of affecting the ideation process by the distant and near source of inspiration.

4.1. Observation

Based on their reactions and performance through the process, students can be divided
into three groups. The first group of students represents the majority of students. They
were relaxed and immersed themselves into the process, engaged in drawing exercises

in every step. They were not necessarily best sketchers and their sketches were not the
best ones either. But they produced most concepts in the stage of transforming visual
attributes to abstract sketching and then to the initial concepts. Their concepts were rated
high in originality as well. As an example, figure 9 shows a students’ process presenting

a clear path from key attributes and distant inspirational images to initial concepts. The
student demonstrated well in terms of abstracting the key visuals into lines and forms,
then translating them into the concepts. This outcome indicated that the distant source of
inspiration likely contributes to the quality and novelty of the initial concepts.
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Figure 9 An example showing the concept generating path: visual interests, abstractions,
concepts.

The second group was a few students in the studio. They reacted oppositely from the first
group and almost completely shut themselves off from this process. They were constantly
looking for a comfort stage in every step. As quickly as possible they settled down on a few
concepts, and fixed on a design concept early and through the rest of the project. Their
designs were evaluated low in novelty and originality. Two examples are shown in figure 10.
Two students were from two different studios, but both followed through a similar process as
described above. They fixed on their final design at the early stage of ideation and rejected
any changes. One student’s sketches were mostly a repetition of a couple of similar concepts
through the process. The other student has produced a low number of sketches in design
refinement once his mind fixed on one concept.
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Figure 10  Two examples of design fixation.

The third group was another small cluster of students. Their reaction to the process and
performance fell between the first two groups. They engaged in most activities through the
process with a limitation in energy and concentration. The reasons behind this are varied.
Some students were not fully engaged due to a lack of interest in the design subject. Some
were not productive in personal interest exploration so they did not prepare well for the idea
generation.

4.2. Discussion

Every year, a short survey was conducted at the end of the project to collect students’
feedback followed by a group discussion about the survey questions and outcome. 7
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guestions were asked in the survey as shown in table 2. The question is rated at a scale of
1-10. 1 represents ‘strongly disagree’, 10 represents ‘strongly agree’. On average, students
recognized a positive impact on their concept generation through this process. Most of them
are favorable to their performance in terms of effort and the design outcome. Key responses
from students are boiled down as follows:

Table 2 The mean values of the survey result for over 3 years.

Question Score (average over

three years)

The inspiration board is effective to identify my passion for design. 8.5

The sketching abstraction process from inspiration to ideas is easy to follow. 7

This sketching abstraction process is helpful for my concept generation. 8

I am challenged in this process to find my true passion for design. 6.5

The process helps generate a large number of concepts. 9

The process helps generate novel concepts. 8.5

The focused chair study helps me to understand the chair design basics. 9

Particularly, students concur that this method helped them to generate a high quantity of
concepts strategically. They are often required to generate a high number of concepts in
studio projects. Due to a lack of effective approach and strategy, it is challenging for them to
reach a self-satisfied quantity and quality in ideation. In this process, students appreciated
and enjoyed the method of exploring their interests in design which became a noticeable
stimulation to motivate them in design and provided them streams of inspiration. Some
students liked the fast pace sketching based on the abstract sitting surface concept which
contributed more constraint-free ideas. Both factors helped them to be liberated from a
captive concept of designing a chair.

Another notable factor is that this process helped students to reflect on their true passion
for design as a distant source of inspiration. The procedure of personal interest exploration
allowed students to think over objects, designs, and attributes that excite them and visualize
them through an analytical process. Most of the students’ final designs were some forms of
inspiration from this study. This process made a considerable contribution to the novelty in
design ideas.

The survey result also indicates that studying near sources of inspiration is effective in
supporting students’ further concept development. Students’ response to the survey
question is consistent with the author’s observation. During the design development,
students’ learning from the existing chairs and furniture in terms of structure, proportion,
ergonomic sitting typology, etc., were naturally transformed in helping them develop their
designs. Since their design concepts are already set in a clear theme, this process helped
them to further refine their designs without altering their design direction or changing their
original design ideas.
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During the discussion, some students suggested allocating more time to concept sketching.
While a majority of students enjoyed the process with better productivity and quality,
students with a strong fixation during the exercise rated medium or low in the survey with
less interest since it did not make a strong connection with them and brought not so much
change to their normal way of design.

4.3. Limitations and Future Work

The practice of this concept generation process demonstrates that strategically managing
distant and near sources of inspiration have the potential to positively impact students’
creative performance. With a deeper understanding of the effects from varied sources
through the process and knowledge to apply them at the right time, it will likely improve
students’ productivity and creativity in ideation. While the distant source of inspiration
advocates the ideas’ novelty and originality, the near source of inspiration supports design
quality and details in further development.

This study is limited to a small number of participants (a total of 57 students over three
years) and one testing design subject. The timing of introducing distant and near sources
of inspiration was not carefully planned and evaluated. Due to the limited time allowed in
the studio teaching context, both paths were running with a partial overlap. Near sources
of inspiration might affect students’ initial idea generation in some cases. While the case
study over three years demonstrates a fruitful success in teaching and learning, there is

a need to conduct a comparative study between this process and a conventional concept
generation process to further investigate the strength and the weakness of this method.
Further experimentation is called to hone in the process to be an effective teaching tool in
the exploration of design concepts.
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Abstract: Material interactions are fundamental to design and craft education;
however, they might also provide opportunities to reflect on sustainable behaviour in
general. In this paper, we present an interdisciplinary undergraduate course in which
students interacted with clay and wool. By engaging novices in material-based craft
processes, we examined renewed ways of experiencing the materials to reconsider our
everyday material interactions and our dependency and responsibilities in regard to
materials in general. Through this example, we discuss the potential of craft practice
as an educational platform to discuss materiality and to facilitate a deeper and more
holistic understanding of the consequences of our material behaviour beyond the
creative practices. The students’ reflections over the five weeks touched upon their
renewed appreciation of materials, and their changed interactions with materials —
moving towards a dialogical stance rather than only using them as a means to an end.

Keywords: design education; material exploration; interdisciplinary; novice makers

1. Introduction

The present environmental crisis indicates that we are not fully aware of the destructive
extent of our material engagements. Understanding that we co-exist with our environment,
animals and materials can change our thinking and behaviour from being destructive to
becoming more inclusive and sustainable. In this study, we utilised craft practice as an
educational platform to examine ways of engaging with and thinking about materials.
Experiential knowledge of materials is built through personal engagement with material
environments and material explorations (Groth, 2017; Aktas, 2019; Nimkulrat, 2012).
Reflecting on these experiences can also evoke a deeper understanding of human-material
interactions in our everyday lives. Crafting requires co-operation between mind, hand and
material (Sennett, 2013) that facilitates thinking while making (Ingold, 2013; Nimkulrat,
2012). Craft processes can, thus, illuminate material interactions more clearly and propose

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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new ways to experience the materials.

Experiences emerging from material interactions shape our ways of thinking and behaving
(Malafouris, 2013, p. 44). Therefore, we may perceive them as active factors in our everyday
lives. Seeing material in a more active way has been studied to some extent within making
processes, particularly to understand how they shape the emergence of an artefact through
the intentions of the maker (Bolt, 2007; Ingold, 2010). Materials have also been studied

to understand how the designer’s decisions and the user’s interactions can be interwoven
through material qualities and the notion of materials experience (Karana, Pedgley & Rognoli,
2014).

In the present study, we examined the performativity of materials in the making processes
and its contribution to new ways of interacting with them, not from a technical and solution-
oriented viewpoint but from a reflective one, by studying personal experiences. Rather than
working with professional craftspeople, we chose to work with university students who
were mostly novice makers as we expected them to be sensitive to their new encounters.
Thus, they could potentially reflect on making activities with a fresh lens that was not
motivated by using the material as a means to an end.

The five-week-long Human-Material Interaction course familiarised students from multiple
disciplines with the notions of material interaction from a theoretical, embodied, shared and
societal point of view through lectures. In addition, the students concretised their theoretical
learning through hands-on material ideation and experimentation.

The aim of the course was not to teach a new practice but a new way of experiencing the
materials and to challenge established ways of thinking about materials. The hands-on
materials experience was used as an educational tool for critical thinking by employing the
materials as the main learning setting (as described also in Makelad & Loyténen, 2017, p. 254).
As teachers, we initiated discussions about how our experiences are affected by materials
and how our actions impact on our material surroundings. The empirical data used for this
study consists of the reflective texts of eight of the 15 students in this course.

The analysis indicates that the bodily experiences of materials triggered a self-reflective
process in which students challenged their established understandings of materials as

inert instruments. Next, we present some theoretical views that underpin the study.

Then we present the setting and the study, and finally, we discuss how studying material
interaction through craft practice can generate critical questions about our everyday material
engagements.

2. The role of the material in the process of making

In our everyday encounters, due to their different qualities, our experiences with materials
affect how we feel, think or behave (Karana, Pedgley & Rognoli, 2015, p. 19). Political theorist
Jane Bennett (2010) writes about material’s power to affect us, and she calls this the vitality
of matter. She argues that things and materials, or nonhumans in general, are vibrant,
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active, and creative since even when there is no contact with humans, materials continue
transforming and making recognisable change (ibid. p.93). Thus, according to Bennett, the
attentive power of things significantly shapes the world and affects human experiences (lbid.
p. 93).

Design researchers Elvin Karana, Owain Pedgley and Valentino Rognoli (2015) also refer to
the activeness of materials and how this continues even when the material is transformed
into an artefact. They argue that “A material ages with its users, matures in time, carries the
traces of one’s life span, facilitates the recall of memories, and relates one to the familiar
and usual” (lbid. p. 24). Focusing on the experience aspect of material engagement can
significantly contribute to the meaningfulness of our material interactions. Understanding
materials experience is important for designers and design students as through these, they
can ideate and develop new products or user experiences (Karana, Barati, Rognoli, & Zeeuw
van der Laan, 2015; Tung 2012; Makela & Loytonen, 2017; Nimkulrat, 2010; Pedgley, 2019).

However, not only designers or craft practitioners interact with materials. Therefore,

we find critically studying human-material interaction necessary to point to the urgent
need for changing our behaviour with materials. A more attentive attitude towards
material interaction may have the capacity to make a difference in our behaviour with
the environment at large. Acknowledging this capacity can stimulate and provide a wider
understanding of the lifespan of the material that is not limited to the direct engagement
with products but also includes how the raw materials are obtained and what happens to
them at various stages.

Crafting is a powerful platform to study material interaction since it conveys universal
values contextualised locally through “social and cultural, economic and ecological settings”
(Niedderer & Townsend, 2018, p. 196). Being local and universal at the same time enables
craft-practitioners to start discussions based on personal experiences that are globally
relevant (ibid.). Also, importantly, craft-making connects materials with body and mind
through a dialogical relationship (Brink & Reddy, 2019; Sennett, 2013; Makela, 2016). As
anthropologist Tim Ingold (2010, p. 97) argues, while practitioners engage with materials,
they follow the material properties to let the final artefact emerge. The maker travels with
the material to look with it as the work unfolds (ibid.). While making, the maker is not
expected to force a preconceived idea, but rather to collaborate with and listen to the voice
of the material (Pallasmaa, 2009, p. 55).

In this dialogue, while making, we constantly follow the material’s responses and re-evaluate
our own intentions to accommodate the material’s resistances and movements (Aktas &
Makeld, 2019, p. 64; Pickering, 1993, p. 576). The resistances and challenges emerging from
the materials are also needed for the development of the maker’s skills (Pallasmaa, 2009,

p. 63). As Ingold (2012, p. 434) states, a craft skill is gained through learning how materials
behave and how to be with these material challenges. This interaction grows into larger
meanings for craft, which acknowledges existing knowledge, while also going beyond them
and presenting new modes of knowing (Barrett, 2007, p. 118).
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Similarly, archaeologist Lambros Malafouris (2013, p. 9) argues that material engagement
actively shapes and co-constitutes the ways we think within an extended dimension of the
material surroundings. According to Malafouris (2013), thinking occurs between brains,
bodies and things, and this process is affected by people, artefacts, time, and space (p. 67).
Through the engagement between the material and the body “the world touches us” and we
understand “how this world is perceived and classified” (Ibid. p. 60).

Therefore, as philosopher Mark Johnson (2007, p. 265) argues, through our bodily coupling
or interacting with the material environment we also understand abstract concepts or the
meanings of things. We can further these meanings by following the possibilities emerging
from our bodily interactions, and how they propose new connections or relations (Ibid., p.
265).

Ingold (2013, p. 8, 110-111) proposes that we are always part of the surrounding and our
personal knowledge grows from, around and between being in the world. He argues that
knowing and learning should come from inside practice and should emerge through being
with it (p.10). Similarly, we propose that understanding human material interaction can shift
our perspective from being in the world to being with the world. Such intense engagement
with materials encourages a dialogical rather than dominating relationship between self and
the material (Brink & Reddy, 2019). Material engagement, thus, becomes a co-constitution of
the material and the practitioner. This discussion is especially important when our knowledge
about a certain material is limited, as in the case of novice practitioners, or because the
material is recently developed (Niinimaki, Kdaridinen & Groth, 2018).

According to research on expertise, novice makers follow rules to produce an artefactin a
context-dependent way (Dreyfus, 2004, p. 177). As they gain experience, they learn how to
handle various tasks simultaneously, and later they are able to lean on their skills intuitively.

Struggling with material resistances and experiencing the complex conditions emerging from
the struggle can change dominating knowledge types or behaviours (Haraway, 1991, p. 68).
Our idea was that if novice makers construct their material knowledge from a dialogical
perspective rather than through a set of rules for controlling the material, then their material
relationship could develop freely. They could then reconsider their sense of ownership of the
material and the process of creating the artefact, the latter moving from being a dominance-
oriented one to a dialogical one. To further elaborate on these thoughts, in the next section,
we will present the course design and learning outcomes.

3. The Human-Material Interaction Course

The course was offered through the University-Wide Art Studies (UWAS) platform at Aalto
University that aims at engaging undergraduate students with arts-based transdisciplinary
thinking. UWAS presents a wide selection of arts-based elective courses to challenge
students’ thinking and widen their perspectives across disciplinary boundaries. The idea is
that by working in a diverse group and discussing problems from many angles, the students
might be better equipped to build a common language and tackle complex problems and
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societal issues in the future.

To facilitate good discussions and to be able to handle the material processes and reflections
of the students qualitatively, we set the maximum participants at 15 students. The

course was conducted in spring 2019 with 15 students from the departments of electrical
engineering, computer science, business, arts and design. Data from eight of these students
has been analysed in this present study. Informed consent regarding their participation in
this study, including consent to the use of images and data in publications, was gathered
from all participants

Most of the students were novices, either in craft/design or to the material they used. Only
one design student had been working with clay after primary school, the other students
stated that their materials were new to them. As the course aimed at discussing materiality
in creative making processes, we incorporated theoretical readings and lectures with hands-
on craft making at the university’s makerspaces and studios.

Each class was conducted in three parts: in the first part, the students discussed the course
literature that they had read before the class, exchanging reflections on the readings that
introduced that day’s discussions on the topic of materiality and covered concepts such

as experiential knowledge, material resistance and affordance, material agency and non-
representational theories. This was followed by a 20 minute-lecture in which the teachers
articulated the concepts further, connecting them to design and craft practices, and
facilitated a discussion on students’ interpretations of these ideas in relation to their own
material processes.

The second part took place at the studios in which students worked independently but
next to each other. Working at the studio provided a safe environment with peers around
to exchange experiences and receive teacher-guidance when needed. Their making
processes continued independently in their own time, which encouraged experimentation
and provided freedom (Figure 1). After a couple of hours spent in the workshops, the
group reassembled for a shorter reflection meeting in the lecture room to exchange their
experiences.
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Figure 1 Two students felting at the studio. Photo by Aktas.

The students were free to choose their own materials, but we initially offered two materials
to the students: clay for ceramics and wool for felting. These materials were selected

since they were materials that the teachers have been working with in their research.
Selecting materials that the teachers were competent in facilitated deeper conversations
with the students. The students were given some demonstrations of the materials and also
experienced the materials themselves by touching and manipulating them. Then they

were asked to choose one of the materials to work with during the course. In the first two
weeks, we encouraged the students to be explorative with the materials to understand their
properties and aesthetic features. To deepen the discussions, the second author helped each
student individually to throw clay on the potter’s wheel while blindfolded. This exercise was
designed to reduce the powerful impact of sight and let other senses experience the material
(Groth, Mé&keld, Seitamaa-Hakkarainen, 2013 ).

The students were also asked to work with their material blindfolded sometimes to
experience the material’s haptic properties. Beginning with the third meeting, we
encouraged the students to focus on one aspect of their material interactions and emphasise
that experience or feature in their processes towards their final artefact. The students were
also handed diary notebooks and encouraged to document their explorations and reflections
as part of their making and thinking practice by taking notes, drawing and photographing
(Figure 2). This was a new way of working for many of the science and business students, as
were the studio-based material explorations and practices.
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Figure 2 A reflective diary page depicting the textures of the material. Photo by Aktas.

Our role as teachers, when in the workshops, was limited to being facilitators and to asking
the students questions in order for them to articulate their thoughts. We started discussions
and encouraged them to share their opinions and challenge the newly introduced concepts
of the theoretical lectures.

Previously, other scholars that share similar ambitions also employed designerly methods,
such as explorative making or reflective writing. Some also propose new methods, such

as material-driven design (Karana, et.al. 2015), material-based design (Oxman, 2010), or
DIY materials (Rognoli, Bianchini, Maffei & Karana, 2015). These approaches often seek
new aesthetic experiences through material innovations by bringing design, science and
technology together (Rognoli et.al. 2015). Although we used similar tools, our study differs
from these examples as we do not aim to develop new materials or products in this course,
but rather to generate a modus of experiencing and being with the world.

3.1 Explore, Adapt, Overcome

After working with the materials for five weeks and reflecting over material interaction in
several ways and modalities, the students completed their final artefacts and prepared for
the exhibition at the university gallery. They ideated the name and poster independently
and entitled their exhibition “Explore, Adapt, Overcome” to describe their creative processes
(Figure 3).
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Figure 3 On the opening day of the exhibition, the interdisciplinary student group presented their
work to their course mates and their teachers in a crit typical for courses in creative
subjects. Photo by Groth.

Some of the works presented were the outcomes of explorations rather than finished

art pieces. We selected exhibition as a method of assessment to increase the sense of
responsibility and community. Being part of a public event with their course mates also
provided a dynamic exchange among the students. By exhibiting one’s work, the maker

can see his/her work from the viewer’s standpoint while a viewer can see the work from

the maker’s standpoint (Nimkulrat, 2010, p. 75). Thus, having a group exhibition provided a
dynamic communication not only between students but also between the final works and
the viewers. To facilitate such communication, the students prepared a final oral presentation
and wrote a short reflective essay on their creative process and the artwork to be displayed
next to the artefacts.

4. Reflections on the students’ processes

The final assignments and the reflective diaries during the course constituted the main
empirical data of this study. The first author also conducted notes in the teaching sessions
while the students were discussing and reflecting over their experiences and the theoretical
aspects of the course. We studied the students’ texts through thematic analysis (Fereday
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& Muir-Cochrane, 2006), and after reading the texts several times we searched for places
where mention was made of material engagement and reflections on material experiences.

To find this information, we coded repetitions, use of unique words, metaphors and
transitions between different topics. Later, we grouped these codes as large themes to
understand patterns in their thinking (Braun & Clarke, 2006). Identifying these themes for
each student’s text provided basis for seeing similarities and differences between their
reflections (Ryan & Bernard, 2003). The key themes emerging from the texts revealed how
the students developed their reflective and critical thinking in relation to their creative
processes and prior knowledge. The analysis also highlighted how students make sense of
their experiences (Braun & Clarke, 2006, 78; Fereday & Muir-Cochrane, 2006, p. 81).

Some key themes emerging from the texts were related to (i) getting to know the material
and its behaviour from a new perspective, both with and without human presence, (ii)
referring to previous knowledge and experiences to make connections, and (iii) referring to
natural environments that they had encountered earlier, such as being on a beach. While
identifying these themes, we found that bodily experiences emerging from the craft-making
facilitated thinking beyond the crafting activities.

The students bonded various senses together, such as the smell of the material and the
studio, hearing the sounds coming from the surrounding and the tools, with particular
attention to their use of their hands. Their thinking emerged through their peers, tools, and
studio space, or in Malafouris’s (2013, p. 67) words, within people, things and space. Being
open to these multidimensional experiences also required accepting their lack of skill as a
new angle to discover the material’s properties. The students elaborated on the material’s
properties, nature-related features, transformations, movements, and what the material
seemed to demand from them. While making, they studied both the material itself and their
own relation to the material in a dialogical manner.

These findings encourage us to speculate on how first-hand material experience provides

an educational platform to challenge the current understanding of materials and material
environments more dynamically and collaboratively. Studying the first author’s observational
notes that she had written down after each class meeting also supported this examination. In
the next section, we will present some quotes from the students’ texts to exemplify how they
articulated their experiences of the materials.

4.1 The student reflections

Often, the reflections of the students sought for co-operation between them and the
material. Being open to the voice of the material and their bodily interactions with the
material started a new dialogue that pointed at a more holistic understanding of material
engagement. The initial experiences in the course helped students understand the
materials’ behaviour and how they could interact with them. One of the students examined
the durability of the wool fibres, so he developed a form based on the properties of the
materials.
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“The black wool that was used to craft this piece was so fragile, it was easy to pull apart
with little force. After wet felting ... the felt piece here is significantly sturdier than wool. This
transformation had relatively little to do with me. Rather, it’s an intricate property innate

to the material that | tried my best to explore and showcase.” (a computer science student,

I

Figure 4 A student’s exploration of wool. Artefact presented in the student exhibition. Photo by:
Aktas.

The students also referred to how the tools and surrounding environment actively affected
their experiences while interacting with the material. For several students, previous material
experiences and prior knowledge played a significant role in how they interpreted the
material’s possibilities. This also enabled them to interpret the concept of material agency
in their own ways. They also referred to their embodied knowledge of other practices and
discussed them as part of their reflections on the readings and the material interactions:

1 The texts from reflective diaries were written in English by non-native speakers and they have been edited
slightly for clarity.
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“Embodied skills make me think of sports - in my case volleyball - ... it can happen that a
player is rewarded as the most valuable player (MVP). This can make people — or even players
— think that the MVP did it, he won the game, he scored the most points. But actually, it is
the global situation that allows him to score those points. The opponents made the mistakes
and lost the ball, the MVP’s teammate gave him the perfect set, the teammate sitting on the
bench encouraged him to make the MVP more confident, the light of the gym was perfectly
fitting with the sensitivity of the MVP’s eyes.” (reflection made by a business student).

Both in the final written assignments and in the reflective diaries, the students discussed
their works in relation to their prior experiences by explaining what the material experiences
remind them of. We interpret this as an attempt to make their experiences meaningful for
the projects or interpret the abstract concepts in a way that is more personally relevant. This
phenomenon also shows that the experience of the material is remembered and retriggered
in the next similar encounter; thus, previous interactions can be revisited to find familiarity
(Karana et.al. 2015).

As a result of experiencing the activeness of the material and the dynamism built around
these interactions, some students questioned concepts, understandings, and approaches
that are deeply embedded in creative fields. For instance, one student questioned the idea
of functionality as this may be seen as solely human interest and how we can move from

a function-oriented making process to an experience-oriented one. Another project, by a
design student, focused on the aesthetics of the material as opposed to the aesthetics of
the maker. She examined the use of tools and worked with the ways the tool marks left their
presence on the artefact as an aesthetically valuable aspect instead of an error (Figure 5).

|
|

|

Figure 5 A design student worked with the clay to develop material-based textures and tool
marks. Photo by: Aktas.

1669



AKTAS, GROTH

In her project, she reflected more on the responsiveness of the material and questioned

the sense of controlling the processes. As teachers in the course, we connect this to the
understanding that when makers articulate their practical and theoretical knowledge through
iterative making, they transfer their understandings of abstract concepts to their artefacts,
too (Pollanen, 2009, p. 255; Johnson, 2007 p. 228). This was also visible in the student’s final
text and artefact:

“The main aim was to leave room for the material to show its features and emphasise the
traces that are left during the process of making, either through hands or from the tools that
are used. As a designer with a strong background in ceramics, the process of making is often
tightly connected to the end results and the fulfilling of my own expectations. | have realised
that these expectations can often restrict the creative process and set limitations on the
maker and the material. Through this work, | wanted to avoid any expectations and purely
focus on the process itself by making room for tactility, serendipity and movement.” (A design
student, Figure 5).

Another interesting discussion that emerged from several students’ reflections was taking
on the idea of the material’s life cycle. After experiencing the vitality of the material, the
students started discussing what happens to the material when there is no human presence
such as, how material generates its own patterns without humans or how clay cracks while
drying overnight. For many of the students from fields other than the arts or design, these
were interesting experiences as they could concretely observe how materials make changes
“on their own”. One computer science student reflected over the aftermath of the material:

“It’s obvious that humans don’t understand materials as well as they might think they do ...
The extent of material produced by humans is hard to comprehend without seeing it, as is

the permanence of inorganic man-made materials lying on landfills or floating in the ocean ...
Think about how the material came to exist, how you will make use of it, and how and when it
will eventually cease to exist.”

Overall, the students challenged themselves to truly understand what the material was like
and what it could become. At the end of the course, the students’ idea of what and how a

material can be was significantly broader than a means to an end. For example, a business

student wrote:

“Materials are employed by us in order to produce something we need ... in this sense, the
relationship between human and material is unidirectional and dominated by humans. This
is the way | recognised materials before. Nevertheless, even the first touch of clay altered my
mind. It was sticky and heavy but gave rise to a desire to knead and play (with) it. So, it has
magic. The subsequent production process is the exploitation of its magic for me, in a way.”

The reflections indicate that the students were able to question their own perceptions of
materiality in general, which were mostly built through societal understandings. Craft making
became crucial in concretising abstract concepts and in making new personal interpretations
of the material’s capacity as the students experienced the dialogical nature and dynamism of
their material interactions. One student visualised this process by showing the cycle between
feedback (thinking) and decision (making) within the material environment while throwing
clay on a potter’s wheel (Figure 6).
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Figure 6 Visualisation of the material interaction by an electrical engineering student.

His drawing positions the responsiveness and dialogical nature of making in the centre and
visualises how the surrounding elements come together in a sensible way. We believe that
these material interactions helped students to position their actions in a wider context and
understand the effects of other elements in their surroundings and how their own actions
affect the environment. In the next section, we will discuss the potential of craft practice
as an educational platform to discuss materiality and to widen the concept of sustainable
material behaviour in contexts outside the creative practices.

5. Discussion

The final assignments and reflections indicate that for most students the process started with
“losing control”. Several students referred to the importance of being open and attentive to
the material features. Starting the course by blindfolded material explorations encouraged
being with the material in a flexible and open-minded manner. Even when the students

were frustrated at times because of the material resistance, they challenged themselves and
continued working.

As the students documented their making sessions by writing and sketching in their

diaries, they reflected on and articulated their thoughts, experiences and feelings further.
Reflecting on craft making processes reveals the insider’s knowledge and how decisions are
made during creative processes (Makeld & Nimkulrat, 2018; Groth, Makela & Seitamaa-
Hakkarainen, 2015). Reflections that emerge from craft making can inform both the practice
and the theoretical understanding of the practice (Nimkulrat, 2012, p. 11). They also enable
the reconstruction of the practice by reviewing processes and planning future material
engagements (Aktas, 2019). Thus, for the students, the documentation functioned both as a
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reflection on what they did and what they would do in the next session (Makelad & Nimkulrat,
2018, p. 12).

By using the craft experience to think about their material engagement, we encouraged
students to also reconsider their other everyday material experiences. As the key themes
that we identified from their texts suggested, students explored the materials, revisited
their previous knowledge, and referred to their experiences of their natural environment
to understand the material. These themes were later elaborated on in their material
engagement, and the students reflected on the idea of controlling the material while
interacting with it.

We found that first-hand material experiences facilitated a transition towards the sense of
being with the world in five ways which emerged from the above themes. The reflections
indicate that when the students employed an interactive way of working with the materials,
they could understand their behaviour from a wider and more critical perspective, and follow
the flow of the material rather than forcing through a preconceived idea (Bolt, 2007; Ingold,
2012; Pickering, 1993).

In this way, some students were ideating while making by employing material movements
as a design element. Accordingly, the first-hand experiences enabled students to understand
how the materials behave and how to be with the materials. In particular, starting the
process through blind-folded working provided an invaluable experience for the students to
“lose control” of the process and to become more open to material movements and their
haptic sense.

Their journey included challenging their skills and established ways of thinking about
material interaction, as well as developing the mental persistence to continue working with
the material resistance rather than against it. Despite the frustration and intimidation of
sometimes failing in their attempts, the students found their own ways to accommodate the
material resistances (Pickering, 1993), by experimenting and perceiving making as a dialogue
with the material (Makeld, 2016).

This process contributed to critically re-considering human-material interaction.

By provocatively looking at the materials as active participants of our everyday lives,
students gained a wider perspective on what materiality means and how much it impacts
our thinking and being in the world. As argued earlier, to make sense of the world and
understand our position in it, it is necessary to recognise that material engagements shape
thinking and making (Malafouris, 2013, p. 44). In a sense, the students stayed with the
material resistances to find different ways to be with the material and what to do with it.
They, as makers, were no longer dominating but following the intuitive flow of material
transformations.

To concretise the new conceptual knowledge and review their existing knowledge from

a new perspective, the students referred to their previous experiences and personal
knowledge. This indicates that we need prior experiences to make sense of what we are
experiencing today. Our previous knowledge and skills facilitate making sense of new
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materials and finding ways to overcome challenges emerging from new materials (Groth &
Makeld, 2016, p. 18). This also enables us to understand our past experiences in relation to
new ones (Haraway, 1991; Fredriksen, 2011). In our study, reviewing prior knowledge also
enabled students to find ways to develop their own interpretations and ways of interacting
with the material.

At the end of the course, the students were using the word material in a broader meaning,
referring to media, nature, and light as materials and actors in their projects. This also shifted
the idea from one of using materials to one of working with them (Pallasmaa, 2009; Ingold,
2010). They also referred to their materials as a resource to learn a craft skill. In connection
to the concept of experiential knowledge, students argued that listening to the voice of the
materials can become a significant way to learn new knowledge, since “the material teaches
the craftsman about its capabilities and limitations” (reflection by a computer science
student), (See also Makelad & Léyténen, 2017).

As Bennett (2010, p. 12) proposes, we need to ontologically shift the ways we understand
the material to overcome hierarchical social constructions. These constructions affect the
ways we perceive the world, and the current situation indicates that this perception has been
destructive. Thus, with this course, we aimed at starting a discussion on how we engage with
materials and what other ways there might be than the normative.

We could observe that a shift in perspective was emerging from the course, and the
students’ material processes re-conceptualised established human values such as aesthetics
or functionality. These re-conceptualisations offered to embrace the features emerging

from the material as opposed to seeing them as failures, mistakes, or errors. This approach
also questioned the idea of humans as owners of the materials and the world and instead
emphasised co-existence and co-evolvement with it. Considering the growth in developing
bio-based materials, most designers and makers will be novices in working with these
materials. Thus, we need further studies to widen our perspective on material interactions
that include environmental sustainability as well as ethics (see, for example, Niiniméaki, Groth
& Kaariainen, 2019).

6. Conclusion

Our current ways of thinking about our interactions with materials are insufficient to
understand the results of our actions. Often, our understanding of a material is limited
to the engagement period, paying insufficient attention to how the material is before the
interaction begins and after the interaction is completed.

By using craft practice as an educational platform in this study, the students engaged in
reflections on material interactions and triggered critical thinking that could possibly also
affect behavioural change. The thought-provoking concept of material agency, the notion of
the “voice” of the material and a dialogical making process encouraged students to critically
review their ways of engaging with their material surroundings.
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A change in thinking about our relationship with the material environment begins on the
personal level. Utilising first-hand experiences to understand human material interaction
can become a powerful tool to better understand how we should interact with materials in a
responsible and respectful way, realising that humans do not own or dictate but collaborate
with materials. In our study, we observed a change in students’ thinking and the benefit of
having such an interdisciplinary group of students enlarged the scope of discussion beyond
the individual and the specific disciplines.
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Abstract: While literature on (design) education understands passion as positively
impacting learning experiences, our point of departure in this paper is to ask whether
too much passion can be detrimental in the design studio. Using our autoethnographic
accounts as design educators in a university recently established in the Middle Eastern
and North African (MENA) region, we make visible broader social structures that
granulate our analytical understanding of passion in the design studio. More specifically,
our experiences highlight the temporality and contextuality of passion, and drawing
on sociological studies on emotion work, we refer to the actions that individuals take
to manage their passion as passion work. As passion work is a collection of activities
balancing between individual desires and institutional frameworks, our findings
contribute to the growing body of design education knowledge, with a conceptual
lens oriented to unfold possible modes of passion-writing and its manifestations in the
design studio.

Keywords: passion; passion work; design education; autoethnography

1. Introduction

IDEO Shanghai is in search of a Design Research Lead who is passionate about leading project
teams, adept at uncovering human-centered insights, and skillful at translating these insights
into meaningful opportunities for design and innovation. (IDEO Shanghai job advertisement
for design research lead, accessed 18 November 2019)

The Digital Producer is a creative and strategic thinker who is passionate about partnering to
create amazing work. You will work closely with creative, strategy and account teams. (Fjord
job advertisement for digital producer, accessed 18 November 2019)

As the two excerpts above illustrate, passion has become a crucial currency in the
contemporary design job market. It is no longer adequate to be good, but in order to
pursue a career in design, passion is of utmost importance. In other words, passion has

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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been understood by both practitioners and researchers as something that almost without
exception yields positive impact or outcomes. Academic research also seems to support
this as passionate people are often associated with positive outcomes stemming from their
actions (Cardon, 2008; Cardon et al., 2009).

Given that design organizations seem to encourage their current and prospective employees
to express their passion, how and from where do young designers discover about what

they feel passionate? Moreover, given the importance of design schools in educating future
generations of design professionals (Findeli, 2001; Frascara, 2007), how do design schools
serve as sites for passion to emerge? More specifically, what is the role of design educators in
exploring passion?

Especially the latter question serves as one of the foundations of this paper. If we consider
design as a practice geared at future-making (Margolin, 2007) that moves plans and ideas
from the inside to the outside (Kosonen, 2018), and passion as lived experiences of engaging
with the power of possibilities (Solomon, 1976 in Greene, 1986, p. 74), then design and
passion can be seen as deeply entangled. More specifically, following Vallerand et al. (2003,
p. 756), we refer to passion as “a strong inclination toward a self-defining activity that one
likes (or loves), finds important, and in which one invests a significant amount of time and
energy”. As both passion and design are concerned with transformation, we build on this
intersection to explore performative practices interconnected to the shifting perceptions of
the self, the other and the environment by referring to this as passion work (as per Brown
and Toyoki, 2013; Hochschild, 1979).

In this paper, we argue that passion work can emerge in the design studio, and here our role
and inputs as educators are crucial in terms of enabling our students to learn what it means
to feel passionate about design (Scagnetti, 2017). Granted, learning does not take place only
within the confines of the design school (Chew, Lehtonen and Schilli, 2019), but since our
paper deals with formal design education, passion for design outside the design school is left
out of the scope of this paper. In this paper, we set forth the following research question:

How do design educators communicate and manage their passion to the students, and how
might these manifestations be connected with the design profession?

To the best of our knowledge there are no prior studies on passion in design education,
which is why this paper is based on our personal experiences in joining a relatively new
design school in the MENA region. We contribute to studies on design education by showing
how exploring passion from a teacher’s point of view can offer novel vantage points to
design profession and teaching design. With this, we wish to stimulate discussion on passion
in design education and how reflecting on the different facets and the dialogical nature of
passion can contribute to a more nuanced and transformative approach to teaching design
(Greene, 1986, p. 72).

To accomplish this, we employ autoethnography (e.g. Boyle and Parry, 2007; Ellis and
Bochner, 2000) as a research method that allows the researcher to talk about their personal
experiences in order to broaden our understanding of specific phenomena (Wall, 2006; Xue
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and Desmet, 2019). Autoethnography has the potential to challenge existing societal norms
by bringing into the conversation voices and issues often silenced or marginalized (e.g.
McDonald, 2013; O’Shea, 2019). It has to be pointed out, however, that autoethnography
is not a research method exclusive to the margins: as Tienari (2019, p. 577), a white male
professor working in Northern Europe, writes, “by presenting myself as “different” from
some essentialized autoethnographer, | am in fact positioning myself very much in the
spirit of autoethnography”. While we, an Italian and a Finnish male in our 30s, cannot say
we represent the margins, the analytical strength in our autoethnographic accounts comes
from the notion that we are working in a newly established higher education institutions
in a cultural context that is foreign to both of us. Thus, having the roots of our professional
identity in Europe’s design tradition and now being located outside Europe allows us to
simultaneously reflect on two institutional settings through our accounts.

The rest of the paper is structured as follows. First, we will go through relevant literature on
passion, after which we separately offer our personal accounts based on existing frameworks
on passion by focusing on its conceptualizations, antecedents and outcomes (as per Ruiz-
Alfonso and Ledn, 2016). Next, we will connect our personal accounts to discussions on
design pedagogies, and this also serves as a springboard for providing future research
avenues on how we could study passion in the design studio. Finally, concluding remarks
note the end of this paper.

2. Literature review on passion in relevant disciplines

As Ruiz-Alfonso and Ledn (2016) state in their systematic review on passion in education,
scholarly interest towards passion within education has been gaining momentum since

the beginning of this decade, and during these turbulent times, understanding the
transformative capabilities of passion in teaching could not be more relevant. As Greene
(1986, p. 72) writes: “teaching is oriented to provoking persons to care about what they are
coming to understand [...], to be concerned, to be fully present and alive”. With this, Greene
(1986) draws attention to passion as a catalyst for reflexive teaching.

Entrepreneurship research, on the other hand, has focused on how company founders
can transmit their passion to the employees (Cardon, 2008). Covey’s (2013) work, on the
other hand, emphasizes the importance of educating people according to a whole-person
paradigm, which sees intelligence as based on four interconnected capacities - vision,
discipline, passion, and conscience. For Covey, the holistic intersection of these four
capacities leads people to find their own inner voice and inspire others, establishing trust
and developing shared vision. What is worth noting here, however, is that we know now
passion to be present in internal and interpersonal aspects of people’s life. In other words,
passion is something that individuals experience within themselves and something that is
enacted in relation to the surrounding socio-material context.

While passion has received less attention in studies covering design education, there is
nonetheless a considerable body of knowledge focusing on interpersonal and embodied
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dynamics in design education (e.g. Findeli, 2001; Oak and Lloyd, 2016; Wang, 2010). While
reasons for this interest are manifold, perhaps the most important factor here is that design
education focuses on close interaction between the educator and the student in the design
studio (Ferreira, Christiaans and Almendra, 2016; McDonnell, 2016). Similarly, in their study
focusing on MA and PhD students, Addison (2011) investigated affect and emotions as
essential elements of design pedagogies, and Luh and Lu (2012) explored the connection
between cognitive styles and passion. What these studies seem to have in common is their
call for more nuanced design education as Frascara (2007, p. 68) puts it:

“We have to set the bar high enough that we abandon the idea of training designers, and get
on with the practice of educating them, even if, in the end, they begin to think differently than
us.” (Frascara, 2007, p. 68)

As design education places great emphasis on learning through thinking and making, we
ought to pay close attention to what is going on in the design studio from a pedagogical point
of view (Thoring, Desmet and Badke-Schaub, 2018). Through our autoethnographic accounts
focusing on passion, we contribute to studies on design education by reflecting on our own
pedagogical practices in the design studio.

To frame our reflections, we draw on studies in emotion work (Hochschild, 1979) and identity
work (see e.g. Brown and Toyoki, 2013) that conceptualize ‘work’ in this context as the
individual’s management of their feelings in relation to their self, interaction with others,

and the surrounding structures and institutions. We refer to the enacted acts of passion in
teaching and their reflections as ‘passion work’. In the instance of this paper, we see writing
about passion as a way of highlighting and unfolding the individual’s reflective capacities in
managing passion over time. This is in line with Vallerand et al.’s (2003) seminal study on
passion as they, too, highlight the notion that passion is not something fixed, but instead
fluctuates over time and space.

3. Setting the scene: Dubai Institute of Design and Innovation (DIDI)
as a newly established design school in the MENA region

DIDI accepted its first students in the autumn of 2018, and as of writing this paper

two cohorts have started their studies. DIDI was established to educate future design
professionals to match the growing needs of the MENA region. While our university is not
the first fully-fledged design school in the region, what makes the university’s Bachelor of
Design curriculum special is its focus on cross-disciplinarity: after one year of foundation
studies, our students choose two concentrations out of four (product, fashion, multimedia,
and strategic design management), and we both are responsible for developing one of the
aforementioned concentrations. While the faculty has a tremendous amount of freedom

to develop the concentrations of which they are in charge, particular emphasis goes on
discussing and negotiating ways to facilitate cross-disciplinarity within the institution. That is
to say, while we are given relatively free hands to imbue our concentration with our passion,
in practice we are also seeking ways through which we can collectively engage in passion
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work.

Given that the faculty has joined the university from different geographical contexts in order
to create a new design school, it also implies we bring to the table our individual practices
for expressing and enabling passion. Thus, studying passion work through autoethnography
in such contexts becomes a performative act that enables analytical dances between
personal and enacted experiences of passion. In the following section we will describe our
individual journeys from passion’s perspective, to illustrate how passion work emerges from
interpersonal practices, institutional affordances, and reflections about them (see Figure 1
below).

4. Our journeys

In order to highlight our individual paths towards joining our current employer, we have
decided to write our sections separately below. This has been done in order to maintain
autoethnography’s analytical power in shedding light on individual experiences. We connect
these experiences on a more theoretical level through an analytical framework (Figure 1)
that visualizes our standpoint to passion work, how passion emerges, and how passion and
reflecting upon it are cyclical in nature.
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Figure 1 Analytical framework for passion in the design studio.
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The framework above is based on prior literature on passion, our autoethnographic accounts
as well as our conversations around them, thus illustrating the cyclical nature of passion.
More specifically, to frame our journeys, we have focused on passion’s antecedents,
consequences, and manifestations (as per Ruiz-Alfonso and Ledn, 2016): our aim is not to
offer all-exhaustive accounts on passion in the design studio, but rather, in line with Tienari
(2019), to explore how passion is intertwined with our identity as design educators.

4.1 First author’s journey: heightened reflexivity through changing institutional
frameworks

When | received my PhD from Aalto University in 2014, | moved to Tokyo and worked there
in academia for three years before joining Aalto University again with a temporary contract.
As my contract was ending, | was applying for jobs in Denmark and Japan without even
considering my current country of residence as a potential location. However, the offer |
received from DIDI was tempting content-wise, which is why | decided to accept the offer.
My prior knowledge about the region or Dubai more specifically were limited to two short-
term visits and what | had read from the news. In addition, | have several friends here, but |
had never felt the urge to delve deeper into the cultural and societal matters. Thinking about
this now, it fills me with a certain sense of shame as my preconceptions of the country were
plagued by tourists’ horror stories of getting into trouble with the officials. While my sense of
shame is slowly waning, it is nonetheless a crucial element of my journey as | feel passionate
about my career in academia, yet | was concerned to what extent could I let this manifest
itself at and outside work.

While | was concerned about to what extent | could express myself at work, there was one
incident during the recruitment process that greatly influenced my desire to join my new
employer. This incident involved me dancing in a unicorn costume. | am one of the co-
founders of Nordic Rebels, a movement aiming at transforming learning in higher education,
and on our website (when the first interview was carried out) we had inserted a video of me
dancing in a unicorn costume in my former employer’s campus in Espoo, Finland. As | noticed
during the Skype call the interview committee laughing at something, | could not stop myself
from asking what made them laugh. Then they told me about the video, and at that point |
was certain they would not choose me as | felt the video was ‘too’ passionate.

At Aalto University, | was pressured to remove the video and stop sharing it on social

media, meaning that this was the perspective from which | was evaluating the interview
committee’s reactions. But during some of my first days in my new job, my supervisor started
asking from me when do | start wearing the costume in class since all the students had

been waiting for that. Hearing these words evoked contrasting emotions in me: it reminded
me of the situation at Aalto University during which | was told to remove the video from

the website. In that situation, | felt both betrayed and isolated since | thought there would
be nothing harmful in me dancing in a unicorn costume given that one of the university’s
values focused on ‘passion for exploration’, and instead of having been provided with an
opportunity to explain my actions | was only told ‘a number of people’ had expressed their
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dissatisfaction towards the video. Thus, | understood | had pushed the envelope too far, but
was left without an explanation as to why this was the case. With this in mind, my current
supervisor’s question was also relieving in a sense that | was working in an environment
where matters could be discussed. However, switching from being cautious to exploring my
passion does not happen overnight, which is why it has been fascinating to reflect on how
the institutional context affords, appreciates, and prevents certain kinds of behavior.

Another, somewhat contrasting, experience relates to physical proximity. Nordic countries
have often been perceived as cultural contexts where respect for personal space is high,
but at the same time hugging and other means of showing closeness through appropriate
physical gestures have never been frowned upon. Especially after the #metoo campaign
became a global phenomenon, | started reflecting on this issue especially within the context
of interacting with my students. | would not, for instance, shy away if a student tried to give
me a hug, and at the same time | would not try to hug my students out of respect for their
personal space. Joining my current university, however, we were explicitly told it would not
be appropriate for men to touch women based on religious customs. Being faced with this
custom made me more aware of how | interact with the students, since in the beginning

of the semester | felt a certain sense of distance. Granted, the students met me for the

first time and vice versa, but | felt the no touching policy initially seemed to block me from
showing to our students | was there for them.

No touching policy, however, provided me with opportunities to reflect on my bodily
presence and how | have become sensitized towards students’ signals that they are
comfortable with me being passionate about what | teach. Instead of focusing my attention
to whether | can reach out with my body or not, | started paying attention to bodily signals
coming from the students. A local female student reaching out with her fist to bump it
against my fist, for instance, was one of those moments | retrospectively have realized | do
not have to be the initiator of passion: instead, giving space to the students to take the lead
in signaling passion has made me understand the cyclical nature of passion.

Moreover, instead of equating passion and engagement with touch, | reflected upon and
enacted on alternative tactics for communicating to our students | was passionate about the
topic | was teaching. For instance, when giving lectures on topics | feel | know enough about,
| have noticed myself pacing in front of the classroom to portray a sense of excitement about
the topic. Conversely, being the only person teaching in my concentration, | cannot choose
the topics | want to teach, which means some topics have been uncomfortable for me since

| do not know enough about them. In these instances, | seemed to have been less mobile in
the teaching situation: while | am not crafting a causality here, key point here is movement
as communicating passion, and how this is regulated by institutional limitations (i.e. faculty
headcount not being significant enough to ensure everyone gets to teach only what they feel
passionate about).
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4.2 Second author’s journey: encouraging ‘vision’ and ‘passion’ within the
design studio

My experience in university teaching draws on my professional experience as a designer.
Since 2009, | have been designing products and installations for galleries, museums and
design-related events. | believe to owe my appointments as lecturer to the projects that

| developed across my studio practice: exploratory works, mostly driven by a fascination

for imagining scenarios and future users. In a sense, what allowed me to teach design is
connected to this imagery, and to my dedication to follow it. A mindset that | developed
during my studies at the Design Academy Eindhoven, a school whose pedagogical approach
focuses on the knowledge of the ‘self’ and the exploration of subjective design aptitudes.
The students of DAE are mainly educated to train mental and emotional intellectual aspects,
intended respectively as vision and passion, and to exploit them as a way to get to better
know themselves as persons and designers. If it is true that the first (vision), especially for
designers, is mainly expressed through the development of innovative and solid concepts, |
see the emotional component (passion) as a subjective driving element, yet the one really
capable of stimulating motivation and resilience.

As a designer first, and Professor later, | tried to adhere to this forma mentis. What | try to
teach to the students of my classes is the expression of vision and passion for their design
ideas, and the tenacity and courage to carry them out. | strongly believe in the importance
of forging relationships of reciprocal understanding, empathy and sympathy between those
who teach design and those who learn about design. One main reason is that by entering
the heart of the teacher/student relationship, | find it possible to experience fragments of

a student’s identity, and then operate to tailor the teaching method and offered support to
what | like to call: the ‘subjective vision’, that is, the individual sensibility towards possible
modes of being-a-designer. When | worked as a visiting lecturer for WdKA (Willem de
Kooning Academie) | taught two courses, namely “Future Thinking” and “Future Products”.
My way of forging empathic/sympathetic relationships within both courses was based on a
dialogic principle. For instance, it often happened that, during my individual desk crits in the
studio, my conversation with students exposed some of their actual life experiences, even
intimate ones. Interestingly, my desk critiques moved towards the discussion of how such
experiences could be used as an identity ‘propeller’, that is, a powerful blend of motivating
factors capable of triggering the student in the exploration of his/her own design mindset. |
began to notice that such mode of teaching, which used the personal experience to promote
vision, engendered some positive reactions in the students. My perception was that, by
focusing on vision and passion in the studio, | was contributing to promote the development
of the students’ individual skills and their resilience to distress connected to their work. As
suggested, this occurs for me through wordiness and empathy; there is, however, a third
element, connected more to factors of proximity in interaction. As a good Italian, I’'m used
to express enthusiasm for students’ ideas using physical gestures, particularly moving my
head, arms and hands. Bruno Munari, in “Supplement to the Italian Dictionary”, emphasize
indeed how we Italians communicate through intense combinations of words and bodily
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expressions. During my end-of-the-course review with some students, | realized that, in the
specificities of that cultural context (White, European and male-dominant classes) gestuality
was perceived as an element of encouragement and appreciation of the teacher towards the
students’ work and functioned as a motivation propeller.

When, after completing my PhD at Loughborough University, | began to coordinate the
Product Design concentration at DIDI, | taught a studio formed by a predominantly female
class (9 women and 1 man), composed of second-year Bachelor students who came from the
MENA region, India and different Asian countries. Many of them came from previous training
experiences in which education, rather than being seen as a horizontal process, was based
on principles of vertical learning. Perhaps this is why, in the advancement of my first studio
class, | noticed a form of resistance to my empathic/sympathetic approach. Not so much

for what concerns the student’s desire for relationships, but more in terms of motivation

to expose the depth of their personal stories. | felt that some students were struggling to
share their experiences, while | saw that as an important factor for initiating design work and
ignite it with passion. | also felt very much observed from the viewpoint of bodily gestures.
During one lesson, for example, one of the students photographed me while | was teaching,
and later manipulated the picture using a twirling filter, to ironically emphasize the constant
movements of my body. Instead of becoming a form of encouragement and motivation for
the students, | felt somehow exposed to vulnerabilities on a personal and professional level.
From my conversation with the school’s Dean, | also had the perception that my pedagogic
approach was at times intimidating the students, mediating the idea that | expected a lot
from them and their work. Ultimately, | do believe that my forma mentis on education, based
on promoting vision and passion, has a great impact on students; however, the experience

at DIDI reveals me that such aspects are not to be taken for granted, neither in terms of

how they are communicated nor in how they are perceived. Instead, it might be important
to work with students in the studio to get to better know each other and activate a virtuous
circle oriented to encourage freedom in self-expression. The question of how to balance
these two aspects, given the diversity of contemporary educational contexts, still remains

to be explored, especially in view of the fact that universities have a continuous turnover of
staff, and teachers, while moving from university to university, are forced to interact with a
multiplicity of different cultural contexts.

4.3 Synthesizing journeys: how individual’s passion is cyclical and dialogical

In our journeys described above, we have shed light on passion in the design studio from an
educator’s point of view by framing our reflections based on existing literature on passion

as well as our discussions based on the accounts we have written. While analyzing our
teaching and presence in the design studio from passion’s perspective, we realized passion
to be inextricably connected to reflexivity and reflectivity: sensations of passion are personal
experiences, and as such the moment we start reflecting on passion in our work, we may
start a long process that enables us to unravel and become aware of all those moments of
thinking and making where we engage in passion work. Building on this, becoming aware
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of our own passion as well as passion’s contested nature, enables us to focus on critical
incidents as making visible our passion while at the same time helping us understand how
institutional settings influence what kind of passion and forms of expressing it are desirable.
This, we believe, highlights the cyclical and dialogical nature of passion: we might not always
be aware of passion whilst living in the moment, but through reflection we can identify
passion in our past and thus pave way for passion to emerge in the future.

In addition to both of us becoming more aware of our respective viewpoints to passion,
through our conversations we have also come to realize how our experiences are both
intertwined and connected to the design profession more broadly. Whereas the second
author has an extensive career working as a design practitioner, the first author has entered
design more as an academic from a neighboring discipline. Realizing that passion is more
than just cognitive processes that we experience in solitude, has led us to reflect on our
autoethnographic accounts with the design profession in general. For instance, prior research
(Kosonen, 2018) has shown designer’s exploration for her professional identity to be a
cognitive process that does not stop after graduation.

Moreover, how designers express their passion is also inextricably bound to the norms
and conventions governing each branch of design discipline (e.g., service, product, graphic
design, etc.). In the case of our design school, where each student has to build their
professional profile on cross-disciplinary foundations, these disciplinary conventions mean
our students have to negotiate between novelty and traditions (Hargadon and Douglas,
2001). That is to say, although the institutional setting (i.e. the design school) nudges
them to channel their passion across disciplines (novelty), during and after their studies
the professional domain (traditions) influences how these expressions of passion are
received (Hirsch, 1972). Even though the students might express their passion through
crossdisciplinary means, they might have to narrow down their communication to only one
branch of design.

5. Discussion

While passion is often identified as something positive or beneficial (Cardon, 2008; Chen,
Yao and Kotha, 2009; Ruiz-Alfonso and Ledn, 2016; Vallerand et al., 2003), at the same
time our individual reflections illustrate how passion can make visible institutional barriers
and support. Relocating ourselves to a different (cultural and geographical) context has
enabled us to reflect on how higher education institutions allow or prevent passion to flow
between people and nonhuman actors. For example, the unicorn ‘incident’ being treated in
two different ways is a prime example of this: in the previous context, manifesting passion
through dancing in a unicorn costume was seen as a threat to the institutional and cultural
stability, whereas in the current context it is regarded as an extension of the university’s
brand. Through our autoethnographic accounts on passion work we have been able to
surface institutional and cultural boundaries of passion. These, in turn, not only serve as
constraining forces, but they also enable us to analytically explore our passion and how it
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develops in different spatio-temporal contexts.

As previous research has shown (e.g. Vallerand et al., 2007), passion seems to be built

on healthier foundations through accumulated experiences, and our explorations in this
paper illustrate design schools, and design studios in particular, as spaces that support
reflections on passion through interactions with materials and other people (Goldschmidt,
Hochman and Dafni, 2010; Stevens, 2019). While we fully agree that passion is something
worth achieving and maintaining, at the same time we have unpacked certain problematics
concerning passion and how its manifestations are being negotiated with what is accepted
and desirable within the design profession and, more broadly, situated socio-cultural
settings. From education’s point of view, passion work acts as a reflexive regulatory process
that does not focus on self-censorship but instead operates as a navigating act between the
individual and what is considered legitimate within the social and cultural context.

Finally, analyzing passion in our current university also allows us to analyze respective
practices in our prior universities, and while the latter is not the focus of this paper, these
reflections nonetheless make our insights stronger by linking them to different contexts
(Reed-Danahay, 1997). Building on this, we often conduct ethnographic research focusing on
one context, and here autoethnography is a powerful approach to constructing knowledge,
as the authors are in charge of what is being reflected on and why.

6. Conclusion

In contemporary societies passion is seen as something admirable or almost crucial if
one pursues a career in design, and while we agree that passion is something positive, at
the same time our autoethnographic accounts showed how passion work makes visible
institutional and cultural elements that either support or suffocate passion.

As Tienari (2019, p. 576) mentions, “autoethnography is not for the faint of heart”, and

we agree with this remark. Taking our own experiences as a point of departure to explore
passion in the design studio, we also exposed our thinking and emotions connected to
passion work in ways that might make us vulnerable, whilst at the same time produced
knowledge about design pedagogies. That is to say, research informants are always provided
with the freedom to decide what kind of information to disclose to the researcher, but when
it comes to autoethnographic practice, disclosing information becomes a balancing act
between generating knowledge and protecting oneself. In a way, passion work extends to
writing about passion: do we let it all out, or do we control our passion to protect ourselves
from being regarded as too open?

Building on this, such reflections also serve as directions for future research. During the
course of this paper, we have explored passion from a teacher’s point of view, and a logical
follow-up inquiry could focus on studying both teachers and students. In addition, and
echoing prior works on global design education (Amagai, 2003; Buchanan, 2004), more
contextually sensitive studies on passion could broaden our understanding of design
education across countries. As prior research on passion in education has highlighted (Ruiz-
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Alfonso and Léon, 2016), more diverse research methods could be employed to explore
passion from alternative perspectives. For instance, design research and practices that are
strongly linked to materiality and the interwoven relationship between craft and cognition,
might provide novel methodological contributions through participatory approaches

that involve cultural or design probes (Gaver, Dunne and Pacenti, 1999; Gaver, Boucher,
Pennington and Walker, 2004).

While literature on passion has not explicitly made the connection to emotions, this seems
like a potential avenue, especially from the viewpoint of well-being (Tugade, Fredrickson
and Barrett, 2004). Introducing the concept of psychological resilience, Tugade et al. (2004)
define it as the ability to recover from negative events through positive emotions. In this
respect, our journeys in this paper also suggested that passion work can increase personal
resilience when facing educational challenges, such as developing new curricula for
institutions situated in foreign contexts.

Finally, in terms of implications for design education, our study has at least three
contributions. First, autoethnography as a method is suited for potentially developing
teacher’s competence through heightened reflexivity. Second, our findings draw attention
to the interpersonal and intercultural dimensions of passion in design education: becoming
more sensitized to these dimensions might help educators to design engaging and at the
same time safe environments for students. Finally, understanding passion work as cyclical
and dialogical helps in seeing design education as beneficial for teachers and students alike,
and thus emphasizing education over training.
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Abstract: We investigate the use of five postphenomenological concepts by bringing
them to design practice and using them as a “generative lens” in design research. The
use of these concepts in design research creates tension between the general and
the particular. In a constructive design research process, we resolve this tension.
We follow two complementary lines of inquiry: first, we design a ritual to support
a postphenomenological analysis of the workplace. We discuss insights regarding
ordering and formulation of the concepts, selecting a technological intermediary and
assessing technologies. In the second, we use postphenomenology as a generative
lens in designing the ritual. We discuss the iterative process in which the designer
shapes specific uses by proposing different designs and reflecting on them using
postphenomenological concepts. These reflections point to a responsibility of the
designer to incorporate ways of being, ways of knowing and values on top of specific
uses and utility.

Keywords: postphenomenology; design research; design practice; generative lens;

1. Introduction

Postphenomenology is an empirically oriented philosophy of technology (lhde, 1993;
Selinger, 2006; Rosenberger and Verbeek, 2015). It has developed theoretical concepts

and handles to analyse and reflect on the particularities of technologies and how they

might affect our everyday lives. Postphenomenology focuses on the description of human
experience and action from a first-person perspective and on how these experiences and
actions are mediated by technology. Key to postphenomenology is the idea that things “are
not neutral ‘intermediaries’ between human and world, but mediators; they actively mediate
this relation” (Verbeek, 2005, p. 114). They “carry morality” because they co-shape how we
act, perceive and interpret the world around us (Verbeek, 2006b, p. 127).

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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1.1 Outline

Hauser et al. (2018) show that postphenomenology is an “under-utilized yet productive” (p.
10) framework for design researchers. In particular, they discuss two opportunities for how
postphenomenology could be drawn upon in design research. Firstly, to better support the
analysis of design artefacts, and secondly, as a “generative lens” (p. 10) to frame the crafting
of such artefacts. We follow up on this suggestion by reporting a design process in which
postphenomenology acts as a generative lens. Namely, we use postphenomenology (with
foresight) to inform or guide the design process, as opposed to its typical use, i.e. to analyse
the mediation of existing technological artefacts (in hindsight). We emphatically agree with
Hauser et al. that postphenomenology is under-utilised in the analysis of technological
artefacts and emphasise that this is not only the case for design researchers, but for design
practitioners as well. With this said, we arrive at the two lines of inquiry conducted in this
study. The first is an inquiry into how postphenomenology could support design practitioners
in analysing technological artefacts. The second is an inquiry into the novel proposition
brought to us by Hauser et al.: the use of postphenomenology as a generative lens.

Both these lines of inquiry, articulated in this way, immediately introduce a tension between
the general and the particular, which is a central theme in this paper. On the one hand,

we are presented with abstract, theoretical concepts and on the other, concrete designs

in use. In navigating and resolving this tension, we uncover insights and questions worth
pursuing with regards to the application of postphenomenology in design practice and design
research.

2. Theoretical Concepts

In order to scope our inquiry, we specifically draw upon four different dimensions that
postphenomenology gives us to describe characteristics of technological mediations: the
practical, ontological, epistemological and ethical dimensions of technological mediation
(Kiran, 2015). These dimensions all have a two-sidedness. This should not be read as a
positive-negative, but rather a mutually dependent relation, as “there can be no shaping
movement without a corresponding downplaying movement” (Kiran, 2015, p. 123). In
addition to this, we draw upon the concept of multistability (Ihde, 1986, 2012), which is in
direct relation to these dimensions. The concepts can be briefly described as follows:

2.1 The ontological dimension

In their ontological dimension, technologies exhibit a revealing-concealing structure.
Technologies co-shape what the world is for us. In using a technology, it reveals a relevant
context of engagement, while at the same time concealing other possibilities for action

that do not belong to that context (Kiran, 2015, pp. 125-128). The technology is thereby
simultaneously shaping the world and us as humans. For example, should you become skilled
in using a coffee grinder to make coffee every morning, the coffee grinder as an object will
withdraw from your experience and show up as something for-grinding (unless it e.g., breaks
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down). In a different context, for example when cleaning the kitchen with a cleaning cloth,
the coffee grinder might reveal itself as something that needs cleaning. With the cleaning
cloth in your hand, the grinder, as ready to be used to grind coffee, is concealed.

2.2 The epistemological dimension

In their epistemological dimension, technologies exhibit a magnifying-reducing structure.
Technologies may augment certain perceptual capabilities and simultaneously weaken
others. They may magnify some aspects of our experiential presence and reduce others.
In doing so, technologies shape our ways of gaining knowledge of the world (Kiran, 2015,
pp. 128-131). For example, if your workspace is getting cold, you might have a look at the
thermostat showing that indeed the temperature is below 18°C. The thermostat therefore
magnifies the temperature in your experience of the room while at the same time it might
reduce your experience of, e.g., the amount of oxygen in the room.

2.3 The practical dimension

In their practical dimension, technologies exhibit an enabling-constraining structure.
Technologies enable specific actions and ways of performing them, while constraining
others. In using a technology, we are forced to adapt to its material and social reality (i.e.

to the affordances that it does and does not offer). Technologies therefore shape how we
behave and act (Kiran, 2015, pp. 131-134). For example, if you have printed this paper, the
paper document enables you to make drawings or write things down with a pen. However,
it constrains you from sharing those remarks instantly with other people as a digital version
might enable you to do. Different media enable and constrain you to read and understand it
in a different way.

2.4 The ethical dimension

In their ethical dimension, technologies show an involving-alienating structure. The

three aforementioned dimensions have ethical implications and, in addition to this,
technologies might open up their own ethical issues. As such, a technological mediation
often pulls towards various moral directions (Kiran, 2015, pp. 134-137). For example, digital
communication technologies such as collaboration or teamwork hubs (e.g. Microsoft Teams,
Slack) grant many people the opportunity to do a lot of work from home. They involve these
people in a particular way of working, independent of their regular workplace. However,

at the same time, these technologies imply alienating aspects, as users are alienated from
physical social contact with coworkers.

2.5 Multistability

The described four dimensions might give designers the illusion that they can ensure a
certain change in values through design, but this would be to underestimate the complexity
of technological mediation. Multistability brings part of this complexity to light. The concept
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points to the indefinite meanings and uses a technology can have (lhde, 2012). For example,
one could use a screwdriver as a way to screw the components of a table together. However,
it could just as well be used to open a can of paint or, as we are doing now, to make a point.
This means that a design has the potential for being put to multiple purposes in multiple
contexts. These purposes may surpass (or be entirely different to) what the designer

may have considered in the design process. In other words, a technology potentially has
unintended applications or consequences.

3. Approach

To pursue our first line of inquiry, into how postphenomenology could support design
practitioners in analysing technological artefacts, we conducted a Constructive Design
Research (CDR) process (Koskinen et al., 2011). In such a process, knowledge is generated
through design processes in which constructing and materialising (prototyping) play a key
role. Carrying out this process, we designed a tool, embedded in a ritual, that supports
design practitioners in analysing technological artefacts in their workspace using the
aforementioned postphenomenological concepts. This analysis was done in a workshop
setting, whereby a specific focus was laid on the everyday of these organisations. The
everyday pertains to the reality in which they act and perceive through unremarkable
experiences (Levy, 2018). In the context of these organisations, the everyday is about
hanging up your coat, having a meeting, drinking tea or coffee, making plans, reading a
report etc. It is therefore entangled with a milieu of unremarkable technologies: the coat
hanger, the meeting table, the teacup or coffee mug, the whiteboard and the report to
be read. We tested this ritual during five workshops in five different design organisations
including an urban planning company, two design agencies in the Netherlands and two
design research departments in Sweden. These organisations were sized between five and
fifteen employees.

The tension at play here is between the postphenomenological concepts (the general), and
the workshop participants’ workplace (the particular) [Fig.1]. The iterative process of testing
the ritual in the workshops, developing both low- and high-fi prototypes and uncovering new
insights in and during this development is our effort to resolve this tension. The final result,
the ritual, is thus a concrete response to our first line of inquiry.

Generalu Particl &
----------- Concepts.

Figure 1 The tension between the general and the particular in the first line of inquiry.

In pursuit of our second line of inquiry, that is, the use of postphenomenology as a
generative lens for design researchers, we utilised the postphenomenological concepts to
frame and guide the crafting of the ritual as explained in our first line of inquiry. In this case,
there is a tension between the postphenomenological concepts (the general) and the ritual
(the particular). The use of these concepts in our design rationale is our effort to resolve this
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tension [Fig. 2].

Generalu i Particl @
----------- “ ooty |- - - P
concepts ratioal e ritual

Figure 2 The tension between the general and the particular in the second line of inquiry.

4. A Postphenomenological Ritual

The outcome of the CDR process undertaken is a ritual that supports design practitioners
in analysing technological artefacts in their workplace using the postphenomenological
concepts. In the following section the different steps of this ritual are described [Fig. 3-10].

Step 1

Trap goed voor lichaamsbeweging

e

Figure 3 [Translation: “stairs are good for physical movement”]. Participants select artefacts
in their workplace by taking photos of these objects and making annotations in a text
overlay using Snapchat.
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Step 2

Figure 4 The pen is given to one of the participants and they become the note-taker.

Step 3

Figure 5 The printer is placed in its printing position. This reveals a set of cards.
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Step 4

Figure 6 The printer prints a randomly selected picture of an artefact selected during step 1 of the
ritual.

Step 5

;Values:

.

Start with trusting others instead of trying to control people

°

Get to know yourself better instead of hiding your true self

o Dare to be honest and critical instead of skewing the truth to avoid conflict

Seek and claim your responsibility instead of conforming and picking up unfitting
jobs

o Be transparent instead of hiding information that could be interesting for the

sollective
Have fun instead of only reasoning by productivity

» Care for others instead of only being involved in the collective for yourself

Figure 7 An expression of an ethical vision of ‘a good work life’ in the form of a set of values along
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with counterparts, printed on an A4 sheet of paper, is introduced as inspiration for an
ethical vision to work towards. The aesthetics of this formulation reflect the in-process
and imperfect nature of it. Participants can alter the vision as they please.

Step 6

Figure 8 The cards revealed in step 3 are used to support a postphenomenological reflection on
the artefact in use which are captured in the printed picture. The cards contain brief
descriptions of each of the four dimensions of technological mediation and questions to
guide a reflection on them.
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Step 7

Figure 9 Having reflected on the artefact, participants write down how they are going to take
action on the reverse side of the printed picture.

Step 8

Figure 10  Finally, in step 8 of the ritual, the result is placed somewhere visible (e.g., on the fridge
door) using 10 numbered magnets, shaped to fit the photographs.
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5. Observations and Reflections From the Two Lines of Inquiry

The described ritual tacitly holds the knowledge generated in pursuit of the first line of
inquiry. At the same time, the design rationale behind this ritual is the result of our second
line of inquiry. Both inquiries were fully entangled over time. For the sake of clarity, we
proceed to arrange the knowledge generated under two headings. In the first, we make
explicit three insights that came to light in our attempt to bring postphenomenology as an
analytical tool to design practitioners. In the second, we explicate part of the design rationale
behind the development of the ritual in which the concepts played an important role.

5.1 Line of inquiry 1: a ritual to support postphenomenological analysis and
action

SHIFTING AND REFORMULATING THE CONCEPTS

In “Four Dimensions of Technological Mediation” (Kiran, 2015), the four dimensions of
technological mediation are laid out in a particular order. Kiran indicates that the ontological
dimension should be concerned with first (p. 125). However, for the purpose of the ritual

it appeared to be too abstract to grasp as a first step in the reflection. Although not
demonstrated here, this difference may be due to a difference of approach and perspective
between philosophy and philosophy-informed design. Therefore, in order for the participants
to perform a postphenomenological reflection, we changed the order in which the concepts
were presented: beginning with the practical, then the ontological, the epistemological,

and finally the ethical. This way, participants started with the most concrete and easy to
apply concepts and ended with concepts directly related to their ethical vision. Secondly,
the concepts needed to be understandable and guide participants through the reflection. To
do this, we reformulated the concepts in terms of non-jargonistic reflection questions with
corresponding examples and presented them on small reflection cards.

SUPPORTING THE SELECTION OF THE TECHNOLOGICAL INTERMEDIARY

With the intention of changing an already existing technological milieu that is used by
multiple people in their everyday, such as the workspace, come criteria for selecting the
technology to be reflected upon. These are different from those relevant for a typical
postphenomenological analysis (e.g., possibility of theory development). In order to support
this selecting, we initially presented the participants with an ethical statement in terms of
values and asked them to pick a value that they agreed was important in their organisation.
Following this, we asked them to collectively select a technological intermediary in their
milieu that they associated with that specific value. However, this turned out to come with
two major challenges. First of all, associating an abstract value with concrete technologies
was very difficult to do for most participants. In some cases, participants resorted to
selecting abstract concepts such as communication, instead of concrete technologies (e.g.,

a telephone). Secondly, we see here that that what is to be reflected upon has no inherent
boundaries outside an interpretation of ‘technological intermediary’. What this technological
intermediary is depends on where you choose to set the boundaries, and this has
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consequences for the practicality of the reflections. For example, in one case an entire office
building including its thousands of uses was selected. This reflection did not lead to practical
changes as for the participants the selection was not practical to change. They had little
control over the entire building. All its different uses meant that judgements on whether or
not it should be changed were difficult to make and concrete handles to act on were hard to
find. To address these challenges, we handed the participants a smartphone with Snapchat
and asked them to take pictures of those technological intermediaries that intuitively
affected them in a positive or negative way. This reasoning from the everyday experience
instead of abstract values turned them towards those artefacts that were relevant for
reflection from their experience. At the same time, taking pictures with Snapchat revealed
to them only those artefacts that were present in the building itself and turned participants
away from abstract concepts.

TECHNOLOGY ASSESSMENT

In a typical postphenomenological analysis, one does not necessarily have to take a
normative stance towards the technological intermediary. However, when the design
practitioners were asked to write down next steps for action, questions arose, such as:
“Should we include or exclude the technology?”, “Should we redesign the technology to fit
the vision better?” and “How can we change our relation with the technology?”.

Therefore, when aiming to practically change the technological milieu, some discussion
about ethics has to be carried out. In order to take action towards something, participants
need to have a common understanding of towards what they desire to take action. In order
to provoke this discussion, from workshop 3 onwards, we introduced an ethical vision after
the selection of the technologies (step 5 of the ritual). We formulated this vision in terms of
values which allowed for a discussion taking into account a variety of views. The addition of
counterparts to these values aided participants in recognising how certain artefacts may be
pulling in different ethical directions.

5.2 Line of inquiry 2: postphenomenology as a generative lens

In the following, we make explicit how our understanding of the concepts shaped some of
the decisions we made in the design of the ritual.

MULTISTABILITY

As technologies have multiple stabilities depending on, for example, their material
qualities and the (social) context, we cannot ensure that a certain design will be used in
the way that we intend it to be. On the other hand, a design cannot be used to do simply
anything (you cannot use the ritual we designed to grind coffee). An understanding of this
concept permeated our design process in two ways. Firstly, it shaped our understanding

of the appropriation of technology in the crafting process. For example, in order to afford
participants to take photographs in step 1 of the ritual and make notes immediately in
these photographs, we could have designed a dedicated smartphone application. However,
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understanding that Snapchat already provided these affordances, and with an understanding
of multistability, we appropriated the app to become part of the ritual. Once a photo was
taken and annotations were made on it in Snapchat, we instructed people to save the Snap.
This immediately uploaded the resulting image to the printer. Embedding Snapchat in a
different practice than its developers intended for it (as social medium), meant we were able
to give it a different stability, namely, as a selection tool for technological artefacts, affording
people to quickly take photos and make annotations on these photos.

Secondly, and more radically, an understanding of this concept brought a certain fragility

to our design intentions. We found ourselves talking about ‘opening up’ and ‘closing off’
stabilities of the artefact we were crafting. For example, we did not intend that participants
engage in a postphenomenological analysis of artefacts while they were selecting them in
the first step of the ritual. To close off this stability, we designed step four of the ritual in such
a way that the reflection cards were only revealed once the printer had been placed on its
stand, thus only once the selection was made and automatically uploaded to the printer. At
the same time, when designing the eighth step of the ritual (placing the numbered magnets
somewhere visible) we intended for participants to be able to place the next steps for action
(which they wrote down) somewhere visible in their surroundings, but wanted to leave room
for them to find a suitable place for this themselves. We designed ten magnets, specifically
to open up more stabilities for this placing (on any visible metal surface). With this frame in
place, the four dimensions of technological mediation become handles that give some grip to
navigate this opening up and closing off.

THE PRACTICAL DIMENSION (TECHNOLOGIES EXHIBIT AN ENABLING-CONSTRAINING
STRUCTURE)

In step 8, once the reflection on a certain technology has been carried out, participants
make decisions about what action should be undertaken with regards to this technology. We
learned that in the everyday practice of an organisation, it often does not make sense to take
action immediately after a decision has been made about what that action may be. At the
same time, if left unnoted or hidden away, these decisions can be easily forgotten. Also, if
the ritual would be repeated a number of times, there would be a possibility for reflections
to pile up and action to be left untaken. With these insights in mind, we attempted to design
the ritual in such a way that the reflections would not be easily forgotten, and participants
would in some way be triggered to take action. To do this, we purposely designed ten
numbered magnets, precisely shaped to fit the photographs, hereby enabling participants to
place the actions somewhere visible in their surroundings (for instance on the fridge door)
and enabling them to prioritise actions. At the same time, we constrained participants from
being able to place more than ten reflections by only providing ten magnets, thereby, to a
certain extent, constraining them from continuing to reflect on technologies without being
triggered to take action.

THE ONTOLOGICAL DIMENSION (TECHNOLOGIES EXHIBIT A REVEALING-CONCEALING
STRUCTURE)
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In the first step of the ritual, participants need to end up with technological artefacts that
they desire to reflect on. In the everyday comings and goings of a workplace, many of

such artefacts are likely to be used without their users reflecting on them i.e., they are
approached as ready-to-hand (Heidegger, 1927/1962). If this would not be taken into
account, there would be a likely possibility for many technological artefacts to be left
unselected, not because they would not be relevant to reflect upon, but simply because they
would go unnoticed. To reveal the workplace as a constellation of technological artefacts
that could be reflected upon i.e., as present-at-hand (Heidegger, 1927/1962), and reveal the
participants as ‘searchers’ of these artefacts, we gave participants a smartphone with the
Snapchat camera running. Pictures taken with this smartphone loaded automatically onto
the printer and would be randomly selected for reflection later on. With this knowledge,
and the smartphone in their hands, the use of these technologies as ready-to-hand was
concealed.

THE EPISTEMOLOGICAL DIMENSION (TECHNOLOGIES EXHIBIT A MAGNIFYING-REDUCING
STRUCTURE)

In step 6 of the ritual, participants use the question cards provided to reflect on technological
artefacts selected during the first step. Understanding that technologies shape our ways

of gaining knowledge about the world made us think carefully about how to present this
selection to participants, as different media would reduce and magnify different experiential
aspects of the artefacts. One thing that characterises postphenomenological research is the
analysis of (technologically mediated) experiences ‘from within’ (Rosenberger and Verbeek,
2015, p. 20). This means such analyses describe first-person experiences of technologies in
use. With this in mind, we designed the ritual in such a way that it printed pictures of these
artefacts. By doing this, we knowingly reduced participants’ perception of the artefacts’
material qualities, temperature, smell and temporality and magnified their perception of the
static, visual representation of the artefact in use. In doing this we sought a balance in, on
the one hand providing the affordance of writing on the back of the photographs and easily
placing them in one’s surroundings, and on the other providing as rich as possible reference
to the artefact as it is experienced in use. We considered, for example, having participants
film the artefact during the first step. This medium would not have reduced participants
perception of e.g., sound, as much as the photographs, but the affordances of, for example,
writing on the back, would not have been present.

THE ETHICAL DIMENSION (TECHNOLOGIES EXHIBIT AN INVOLVING-ALIENATING STRUCTURE)
The understanding that technologies can pull in different ethical directions, and that, through
postphenomenological analysis, we might be able to describe these directions to some
extent, led us to consider ethical directions the ritual might pull towards in advance. With
this in mind, we made an effort to elicit certain values through the ritual. For example, it

was our intention for the ritual to involve all participants in taking responsibility for their
surroundings and alienate the use of mere authority to steer these changes. For this reason,
in step 4, the ritual randomly selects which technological artefact will be reflected on. This
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random selection does not take authority into account, which could have been (as it often is)
a factor if this selection process had been carried out through negotiation.

6. Discussion

In this paper we started with five postphenomenological concepts: the practical, ontological,
epistemological and ethical dimensions of technological mediation and multistability. We
aimed to bring these concepts to design practitioners (our first line of inquiry) and use them
ourselves in the crafting of a design research artefact (our second line of inquiry). Following
our first line of inquiry, we discussed Kiran’s (2015) order of the dimensions, and proposed
presenting the concepts in a different order, starting with the most concrete. Secondly, we
found that it was necessary to support the selection of the technological intermediary to be
reflected upon and proposed a way of doing this through the ritual. Finally, we found that
some ethical vision had to be discussed in order to aid technology assessment and lead to
practical next steps for action.

As a result of the second line of inquiry, we note a few consequences of using
postphenomenology as a generative lens. The practical dimension is already commonplace
for most designers as the enabling-constraining structure is in line with a traditional

view on affordances as introduced by Gibson (1979). However, both the ontological

and epistemological dimensions build on top of this understanding of affordances and

offer novel perspectives to work with. Suddenly, designers are put in charge of not only
designing human-technology relations (focussing e.g., on concepts such as cognitive strain
and transparency), but also of co-shaping how humans experience and act in the world
(human-technology-world relations). This simultaneously brings to light that design and
designing have always been interwoven with ethics (Trotto, 2015). We are “materializing
morality” (Verbeek, 20064, p. 369). Now that these other dimensions have been laid down
by postphenomenology, we advocate that designers take up the responsibility that comes
with this. Incorporating the four dimensions and multistability in design processes, first of all,
leads to design intentions that incorporate ways of being, ways of knowing and values on top
of specific uses and utility. Secondly, it involves the designer in an iterative process in which
they try to open or close specific stabilities by jumping back and forth between proposing
different designs and reflecting on them using the different concepts.

6.1 An eye on the future

In this paper we explicate how postphenomenological concepts can be used as generative
lens by designers. The success of the generative lens hinges on the resolution of the tension
between the general and the particular: abstract postphenomenological concepts, and
concrete designs. In this last section we connect the process that was undertaken in this
study to a fundamental issue in design research: the tension between the aim of design
research (working towards general theories) and the aim of design (working towards
particular designs) (Nelson and Stolterman, 2012; Redstrom, 2017). Navigating and resolving
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this tension is imperative if design research is to address its own foundational concepts.

In this study, we worked from postphenomenological concepts to a particular design (i.e. the
ritual). Moreover, this design, in turn, mediates and facilitates the postphenomenological
analysis of the workplace. In this way, design research can contribute to and shape the
methodology of postphenomenology. This is a first step in closing the loop between
postphenomenology and design: in not only having postphenomenology transform

design practice, but in design practice transforming the philosophical apparatus of
postphenomenology (i.e. design-informed philosophy).
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Abstract: Creative outcomes require designers to continuously frame the problem
space and generate solutions, resulting in the co-evolution of problem and solution.
Little work has addressed the value dimensions of design activity with regard to this
co-evolutionary process and the role of the designer in acting upon specific and value-
laden framings and/or solutions. In this paper, we identify how triads of student
designers from user experience (UX) and industrial engineering (IE) disciplines frame
the problem space and generate solutions, foregrounding the ethical character of their
judgments in response to an ethically-nuanced design task. Using sequence analysis
to analyze the lab protocol data, we describe the frequency and interconnectedness
of process moves that lead the design team towards unethical outcomes. Based on
our findings, we call for additional attention to ethical dimensions of problem-solution
co-evolution, and identify key interaction patterns among designers that lead towards
unethical outcomes.

Keywords: co-evolution; ethics; problem framing; sequence analysis; decision-making

1. Introduction

Creative outcomes require the cognitive ability of designers to continuously frame the
problem space and generate solutions, resulting in what Dorst and Cross (2001) have called
a “co-evolution of problem—solution,” building upon a similar concept of co-evolution

from Maher, Poon, and Boulanger (1996). While the framing activities of designers have
been studied from numerous perspectives, little work has addressed the value dimensions
of design activity with regard to this co-evolutionary process and the role of designers in
selecting or choosing to act upon specific and value-laden framings and/or solutions.

In this paper, our primary contribution is to describe the co-evolution of solution and
problem space through a value-focused lens, identifying process moves among designers
that represent potential value inscriptions taking place as a set of inter- and intra-designer
patterns. Through the identification and articulation of these patterns, we move beyond

This work is licensed under a
Y NC Creative Commons Attribution-NonCommercial 4.0 International License.
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co-evolution as a cognitive or pragmatic representation of design activity alone, and identify
the value relationships inherent and foundational to these process moves—both within

a designer’s own cognition and as distributed among the frame negotiation of multiple
designers—further elaborating the ethical nature of design work.

2. Related Work

2.1 Co-Evolution and Design Cognition

The cognitive work that designers engage in has been the subject of substantial prior
scholarship, beginning with an effort to describe and elucidate the “black box” of design in
the 1970s (Jones, 1970), and then later with attempts to describe characteristic behaviors of
designers and design complexity as part of a “second generation design methods” (H. Rittel,
1984). While we cannot recount the entire movement from a focus on design as a rational
enterprise to design as contextually and socially situated, we wish to call attention to specific
features of design cognition that have particular impact on the framing of our present study.
The notions of problem and solution spaces that are investigated through various forms of
framing have been substantial components of design scholarship since the 1970s (H. W. J.
Rittel & Webber, 1973; D. A. Schon, 1990). These efforts identified the social and cognitive
complexity of design work, and the need for the designer to “frame a problematic design
situation: set its boundaries, select particular things and relations for attention, and impose
on the situation a coherence that guides subsequent moves” (Donald A. Schén, 1988). Many
scholars—Kees Dorst in particular—have built upon this notion of problem framing, noting
the role of framing in managing design complexity and identifying paradoxes that might be
productively addressed (Dorst, 2015).

Building upon notions of problem framing and the generation of potential solution spaces,
Maher, Poon, and Boulanger (1996) proposed that the concept of co-evolution acted as a set
of evolutionary processes whereby problem spaces continuously interacted with potentially
related solution spaces, and that design activity could be productively viewed as an set of
explorative and co-evolutionary processes. Building on this work, Dorst and Cross (2001)
validated this concept through a protocol study, defining the co-evolutionary processes

of expert designers. Since the early 2000s, numerous scholars have further extended the
concept of co-evolution, describing interactive characteristics that emerge in design tea