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Editorial
LearnxDesign2015=Design in Kindergarten Through
Higher Education
Welcome to the conference proceedings ‘LearnXDesign2015’ a comprehensive
engagement of topics across themed design pedagogy and research. The papers delivered
at the 3rd International Conference for Design Education Researchers, co-organized by
DRS, CUMULUS, and DESIGN-ED, are the focus of these volumes.
The richness and variety of themes and subjects at the conference and the sheer
number made it impossible for the delegates in attendance to take in the full range of
presentations. The excellence of the presentations deserves to be shared, especially for
those who have missed the opportunity to participate in all sessions. These volumes offer
a chance for everyone to read the papers that capture the varied nature of the forums and
presentations.
The conference was graciously hosted by the School of the Art Institute in Chicago.
Highlighted at the heart of the conference were varied presentations and workshops. To
prepare for the conference, we asked design researchers to submit their work for
consideration. Scholars proposed 289 paper abstract, 31 workshop and 2 symposia
submissions. The International Scientific Review Committee invited 243 paper abstract
submissions to proceed into the next stage to submit as full papers. After double blind full
paper review by the International Review Board, 106 full papers were accepted to be
included in the conference proceedings with an additional 23 workshops and 1 symposia
delivered at the conference.
The high quality of papers are due to the International Scientific Review Board
members whose expertise and time was essential to the success of the conference paper
review process. The board was co-chaired by Dr. Erik Bohemia of the Institute for Design
Innovation, Loughborough University London, and Dr. Ingvild Digranes of the Oslo and
Akershus University College of Applied Sciences. The significance of the papers from this
conference foreshadow the fate of the field and show how design education has the
potential to be an instrumental part of the larger marketplace of ideas.
Subject threads organized the schedule of presentations. The delegates were able to
follow a single thread, attending sequential sessions or could mix sessions to suit. The
papers covered topics for elementary, secondary, and higher education. The subject
threads addressed the local and global multidimensional relations and interconnections of
design education and design thinking with such diverse topics as nature, society,
engineering, economics, media, and ecological urbanism. Academic and vocational
curriculum development was presented in many sessions in reference to design as an
integrative tool through a multidisciplinary philosophy to education. The most discussed
aspect during the three days was that design should be used to improve life and the world.
i
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As was emphasized at the 2nd conference in Oslo in 2013, this conference continued
the focus of the teaching of design to elementary through higher education as an essential
contributor in support for a better tomorrow. Every day we need to apply knowledge from
a variety of sources to resolve problems, manage relationships, and establish a quality
life. The interdisciplinary model of making connections within fields of study creates
relevance and context, and assists students in understanding relationships among
concepts. The goal of this conference was to contribute, on both theoretical and practical
levels, to the analysis of the potential of multidimensional relationships and interactions of
Education and Design to enlighten a citizenry that will strive to constructively problem
solve to make a better life and world.
A prime motivation in our opening keynote session was to inspire a dialogue about
design and the world. With representatives from 34 countries participating, a major theme
of the conference debate was that the global community must change in a very
fundamental way if it is to become stable. Why are these issues of concern for design
educators worldwide? If we are to have a better world, the general populace has to build
it, and if we are to be successful, everyone must take responsibility. Design thinking
through the design process of problem solving is an approach to rethinking certain
assumptions by looking at our everyday world with a new perspective, challenging what is
possible, and reconsidering our relationship to things familiar. Design education is
addressing the welfare of people and the environment, reflecting a renewed appreciation
of and respect for nature. Sustainability is taught to show that a less consumptive lifestyle,
respect for the environment and the interdependence of life, creating safe objects for
long-term use, and concentrating on communities and economic systems will help improve
our world. There is attention being given to designing for improving the physical and
emotional quality of life for everyone, referred to as universal design. Socially responsible
design reflects the growing awareness of our finite resources and factors that are
damaging to the environment as well as the realization that designed objects should have
flexibility in order to be accessible to all. Design education brings all of this to the
consciousness of students in order to show them ways to be empowered to do something
constructive to help.
I want to thank our scientific review members for their diligent work in reviewing a
large number of paper submissions. Many of our reviewers read multiple papers and wrote
comments to help guide the authors in revisions for improvement. This was time intensive
and could never have been accomplished without a great deal of help. The reviewers’
names are listed before the Table of Contents.
Post- conference a few of these papers will be published in special issues of the
following academic journals: Design and Technology Education, TRACEY, FORMakademisk,
and Curriculum and Instruction. The role of journals as an arena for design education
research is essential for the advancement of knowledge production within the field.
A heartfelt thanks to Joe Schwartz, trustee of DESIGN-ED, for putting so many of the
conference pieces in place. Thanks are also due to leaders of the School of the Art
Institute: Professor of Architecture and Environmental Design, Linda Keane; Dean of
Continuing Studies, Rob Bondgen; assistants Brandon Labash and Zachary Thomas Sayers;,
and Professor of Art, Design, and Education, Drea Howenstein, for their tremendous
support in hosting this conference. Our gratitude also to SAIC students for their valuable
contributions.
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Editorial

We are also grateful to our supporters and sponsors: Autodesk, Stratasys, Morgan
Manufacturing, School of the Art Institute of Chicago, The Chicago Cruise Line, and The
Public Society branding firm, as well as other supporting partners. The trustees of DESIGNED are pleased to have partnered with DRS and CUMULUS to have collaboratively provided
this platform for a community of scholars and practitioners to join together in advancing
design education. We look forward to a future of working together to create new
conferences bi-annually.
Although we might be successful in providing the ‘flavor’ of the 2015 Conference in
these volumes, we know that much evades us. We cannot, for instance, capture those
enthusiastic conversations that followed presentations and spilled into the hallways and
receptions. We are unable to produce the ‘community’ spirit where a group of individuals
explored new ideas and cultivated collaboration during and after the event. We cannot
invoke those unpredictable moments of sharing stories and asking questions; the chance
to challenge and be challenged, and where learning together fueled motivation.
However, the foundation of the conference came from the papers that exist in the
pages of these conference proceedings. The papers provide a major avenue to
communicate research results and ideas to one another. The real success lies in the
opportunity afforded design educators and researchers from all over the world, whether in
attendance at the conference or not, to share topics of mutual interest, to learn from each
other, and to collaborate in order to better prepare our students to contribute in a positive
manner to this rapidly changing world.

Robin Vande Zande
Associate Professor of Art Education, Kent State University
Chair of the 3rd International Conference for Design Education Researchers
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Introduction

Introductions

A Perspective on the Learn X Design Conference from
the DRS Special Interest Group in Design Pedagogy
Michael Tovey
Leader DRS SIG in Design Pedagogy

The Design Research Society is a multi-disciplinary learned society for the design
research community worldwide. The DRS was founded in 1966 and facilitates an
international design research network in around 40 countries. It has three main aims. It
focuses on recognising design as a creative act, common to many disciplines. It has the
intention of understanding research and its relationship with education and practice. Then
there is the overall aim of advancing the theory and practice of design. The membership of
DRS is international.
The Society’s Special Interest Group in Design Pedagogy is one of nine in the society. It
aims to bring together design researchers, teachers and practitioners, and others
responsible for the delivery of design education, and to clarify and develop the role of
design research in providing the theoretical underpinning for design education. These aims
are not directed simply at one type of design education, but are intended to include all
ages. However as the current membership of DRS is predominantly from universities
inevitably there is some emphasis on design education at that level.
The first DRS/CUMULUS Symposium was held in Paris in 2011. Its overarching aim was
to explore how innovation in education is informed by and is informing design research.
The symposium focused on design education, innovation in general education through
design, and on innovation in business and engineering education through design
integration. It was successful and it marked the point at which the Design Pedagogy Special
Interest Group became could be said to be established as an effective force in design
research.
The second DRS/CUMULUS conference was held in Oslo in May 2013. The theme of the
conference was ‘Design Learning for Tomorrow – Design Education from Kindergarten to
PhD’ Its theme of design was large and ambitious. The conference was intended to be an
international springboard for sharing ideas and concepts about contemporary design
education research. It was open to different facets of contemporary approaches to such
research in any aspect and discipline of design education. With several hundred
participants it was a great success and has led to several journal publications.
This is the third DRS/CUMULUS conference. Entitled Learn x Design, and held in
Chicago in 2015, it has an ambitious range of topics from theoretical research to practical
application. The assumption is that at a career level, the intention in the study of design is
v
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to create a well-crafted, aesthetic fit of form to function, materials, and tools. We can
interpret each designed product in terms of a narrative about the culture from which it
evolved, about the person who produced it, and the values and practices of both. Design
academics who have engaged in scholarship and research to develop theories and
principles about learning have the opportunity to present their work at the event. For
many the classroom can be a laboratory in which they test and validate new approaches
and thus extend policy and practice. The conference is international and it aspires to be a
springboard for sharing ideas and concepts about contemporary design education research
and the teaching of design. The range and quality of the papers provides evidence of the
vitality of research and scholarship in design pedagogy.
Other research societies have similar strands of research in design education. The
Design Society has an annual international conference in Engineering and Product Design
Education, and International Association of Societies of Design Research includes a strand
dedicated to design pedagogy research.
It is quite appropriate that design academics should engage in investigations which are
intended to extend our understanding and capability of the discipline. Design academics
do almost all of the design research which leads to academic publications. Design
practitioners get on with designing, and leave design research to the academic community.
One of the key questions addressed in the book Design Pedagogy1 is whether or not
there are links between design research and design teaching. The clear conclusion is that
there are such links, and maybe they could be closer. The strand running through the
chapters is that design research does support design teaching, and they show a number of
ways in which this is the case. This is a good reason for undertaking design research. If
there is a close link with design teaching, particularly if design research supports effective
design teaching, then that will gives design academics good reasons for doing such
research.
Although design research is wide ranging in the approaches employed, and design is a
holistic discipline which can overlap many areas, its research is in some ways limited. In a
science such as physics the research is fundamental and if its research stops then
effectively the discipline comes to a halt. Without physics research there is no physics. We
cannot claim that design is like that. For if academic design research were to stop then
design would continue, more or less regardless. Designers would continue designing
things, and probably the world would notice very little difference. It could be argued that
design research is not central to design practice.
Although in much design practice there is a stage which is labelled as ‘research’ it
usually consists of the process of information gathering to provide the starting point for
designing, to inform the evaluative framework, and the context for the design. And these
are crucial parts of the process and essential to its success. But this is not what we mean
by design research in an academic context. In a university design research is an activity
which is directed to exploring and understanding the nature of design, its processes and
methods. It has more rigorous academic ambitions than the data gathering part of the
design process and it is expected to conform to conventional standards of academic
scholarship.
1

Tovey, M (2015), ‘Design Pedagogy – Developments In Art and Design Education’, Gower, Farnham,
England, and Burlington, USA.
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Universities and colleges which provide design courses have a long tradition of
recruiting designers from design practice. However the tendency now is to regard the
possession of conventional academic qualifications as a necessary pre-requisite for holding
a full time academic position. Good practical experience as a designer is desirable but a
PhD is often essential. In the context of the design discipline the clear implication is that to
create a body of work for a PhD in design then you must undertake design research.
It is notable that many of the key insights of design research have in fact come from
academic studies involving students. This was particularly true in the early days of such
research. An example is the identification of the solution led approach as a key ingredient
in the process2. However the problem in studies involving students is that they are only
novice designers, and so any conclusions are not as powerful as those based on
professional designers.
The area of design research where this conclusion does not apply is research into
design education. Self-evidently research based on design students has relevance to the
process of teaching design. To this extent design pedagogic research can be seen as
possessing particular authority. It functions crucially to enable us to understand design
students better, and thus to enable design education to be improved. Where the research
is into pedagogy which has a design practice focus then it also allows us to understand
more deeply what is needed in preparation for the professional practice of design.
Design education research has taken a number of directions, focusing on the designer,
the design context and the design interface, each of which provides a useful agenda for
developing such research1. Many see the end goal as that of achieving design programmes
which are directed towards equipping graduates for entry to the community of
professional practice. This in itself justifies the engagement of practitioners in the process.
Various teaching strategies can accommodate these approaches. The studio, tutorial,
library and crit. are the traditional components, but using them effectively depends on the
approach being informed by a deep understanding of the designerly way of knowing. The
design education research reported on in this recent compilation of activity of the Design
Pedagogy Special Interest Group of DRS shows some of the ways in which this can be
achieved. The papers of the Learn X Design conference show much more extensively what
is possible

2

Lawson, B (1980) ‘How Designers Think’, Architectural Press, London, England.
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Luisa Collina
President, Cumulus Internationational Association of Universities and Colleges of Art, Design and
Media
Full Professor, Politecnico di Milano

The international association Cumulus was set up 25 years ago to promote knowledge
exchange and sharing among universities and colleges of design, art and the media. This is
both an aim to achieve by involving increasing numbers of students and teaching staff, and
means of raising overall standards of professional training, to the benefit of all. Over the
years, as it has grown and became more recognizable as an international interlocutor,
Cumulus has also assumed a role of orientation with regard to certain issues of general
interest. From the Kyoto Design Declaration (2008) onwards all members of the Cumulus
network have committed to promoting lifestyles, values, and educational models centring
on environmental sustainability and human-centred development. In particular, the
association members have pledged ‘to commit themselves to the ideals of sustainable
development’ and ‘to seek collaboration with educational and cultural institutions,
companies, governments and government agencies, design and other professional
associations and NGOs to promote the ideals of and share their knowledge about
sustainable development.’
Exchange, sharing and the promotion of sustainable development by spreading the
culture of design underpin the collaboration between Cumulus and the Design Research
Society that has given rise to the International Conferences for Design Education
Researchers, of which the conference this year is the third. These biennial encounters
carry on the idea of design as a cross-disciplinary activity that cuts across various
professional fields and right through the formative years from infancy to adulthood. From
an educational point of view, design does not address only future professional designers,
but can also accompany numerous courses of study at all levels.
Cumulus, as an association focused on education, and the Design Research Society, as a
research organisation, jointly promote the idea that design is a way of thinking, of
developing creativity, of helping to tackle and solve problems, and that its teaching
contributes to creating more aware and responsible citizens, producers and consumers.
However, research, experimentation, pilot cases, assessment and validation activities,
moments of reflection and sharing are required to achieve these aims. In such a
framework, the 3rd International Conference for Design Education Researchers DESIGN-ED
‘LearnXDesign’ constitutes an extraordinary opportunity for growth in this direction. For
this, I would like to thank all those who, on behalf of the Design Research Society, have
made this event possible with their constant, daily commitment and great professionalism.
I am certain the results will be of exceptional interest.
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Using Nature to Inspire Design Values, Issues & Ethics
Jacquelyn MALCOLM* and David SANCHEZ RUANO
Duncan of Jordanstone College of Art & Design, University of Dundee
*j.y.malcolm@dundee.ac.uk

Abstract: Exploring contemporary design values, issues and ethics was the
purpose of a new module delivered to design students at Duncan of Jordanstone
College of Art & Design as the University of Dundee, Scotland. Using Biophilia,
Biomimicry and Resilience as themes for design thinking, was crucial in
establishing a framework, to explore the potential for these themes to embrace
natural systems thinking and inspire conceptual opportunities. This required each
student to shed any preconceived ideas about potential design outcomes and
experience a deepening their ‘self’. David Orr suggests that it requires us to
‘come home’ (Orr, A 2004). This empirical study is a reflection of these key
themes, using a synergistic methodology, brought together through a symbiotic
view of participation through and with nature and design. The impact of this
experience for the student, and for design, is evaluated and discussed within this
paper.
Keywords: Biomimicry, Biophilia, Resilience, Design
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Introduction
The reflexivity of the design educator is crucial in promoting a learning environment
that encourages the exploration of one’s ethical and environmental values within a
contemporary context. To explore the learning environment for design we need to reflect
on our past failures as designers and realise that we live in a society that is driven by
negative economic forces rather than positive environmental ones. David Orr (2004, p.xiixiii) on questioning our education system asks, ‘How do we teach [our students] to love
land and community when our society values such things far less than it does individualism
and consumption?’ Orr suggests we are ‘failing to equip them to deal with the
consequences of what we are leaving behind’.
Given an opportunity to create a new module ‘Design Values, Issues and Ethics’, it
provided the potential for design education to embrace a new set of principles that
promoted an environmentally and ethically driven design process. Using the UN Decade of
Education for Sustainable Development 2005-2014 strategic goals for ‘reforming
education’, and the Higher Education Academy recommendations (2009) for sustainable
development within Higher Education Institutions, this module set out to explore the
potential of Biophilia and Biomimicry to inspire design, and through this activity we have
conducted an empirical study of the work and learning experience of participants who
engaged with this new module.
Recognising the value of design in improving the quality of life for humankind, and the
need for students to become aware of the relevance of environmental issues and ethical
values as an important aspect of their creative practice, the module has promoted a
holistic approach to theory and practice, enhancing the learning experience for students
and promoting reflexivity as an embedded process for design.
This paper presents the results of this empirical study and provides an analysis of the
data collected through the work produced by the students, reflection articles and an
evaluation of the module and its contents, highlighting some statements provided by
students.

What did we want to know?
Design Values, Issues and Ethics is an optional, expansive module, offered to level three
undergraduate degree students within Duncan of Jordanstone College of Art & Design at
the University of Dundee, Scotland. The module is delivered to students from a range of
subjects such as jewellery & silversmithing, illustration, product design, interior and
environmental design, textiles, animation, graphic design and fine art. With such a diverse
range of disciplines, a conscious decision was made to use biomimicry as the driver for a
practical project, bringing an ecological lens to the design process. Marrying this with
biophilia gave the process a unique view of nature as it inspired not only the project, but
also the learning experience of the student.
The aim of this study was to examine the way in which nature can be a catalyst for
design inspiration. This led us to consider the research questions we were asking and
consider what it was we wanted to know. Using a new design process model REASON, we
were asking whether giving emphasis to the ‘Nexus’ through reflexivity would facilitate a
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sense of ‘self realisation’ (Naess, p.81-82) within the student, enabling a deeper
understanding of design values, issues and ethics.
Using nature as inspiration for design, promoted the environmental issues we felt were
important for a designer in the 21st century, and through a duality of biomimicry and
biophilia, we set out to examine how such concepts can influence and inspire the design
process, promoting a more ethical perspective of creative practice.

A Symbiotic Methodology
As stated previously, Design Values, Issues and Ethics is an optional, expansive
interdisciplinary module, offered to level three undergraduate degree students within
Duncan of Jordanstone College of Art & Design (DJCAD) at the University of Dundee,
Scotland. To encourage a closer connection to nature, the module was delivered at the
University’s Botanic Gardens. This became important when delivering the workshops and
related activity.
The module is now in its third year and this empirical study utilises data collected from
participants over a three-year period, from September 2012 to December 2014. This has
involved 63 students over the 3 years, 15 in year 1, 25 in year 2 and 23 in year 3. The
research was designed to examine the ability of biomimicry and biophilia to inspire an
ecologically driven design output, through a practical, brief driven project, combined with a
theoretically driven written submission promoting the reflexivity of the ‘Self’ (Naess, p.8182).
The key themes of biomimicry, biophilia, resilence and symbiosis were introduced
through four workshops, delivered by David Sanchez. David is currently a PhD student at
DJCAD, and his thesis focuses on biomimicry. David was invited to use the module to
conduct research for his PhD and he developed the four workshops to gather data. His
input was crucial in promoting a research led teaching philosophy for the module. The
workshops will be discussed in more detail later in this paper.
The project, in year one, was refined and changed for year two to accommodate a
wider range of design disciplines. Therefore, the data gathered in year’s 2 & 3 have
provided a deeper level of understanding of the project submissions. The written articles
however, have remained the same and have drawn on theory presented over the first 5
weeks through specific book chapters that were aligned with the topics delivered in each
session. Three levels of data were collected: the practical project submissions, the
reflection articles, and an evaluation of the module and workshops.
We invited two visiting lecturers to contribute to the module. Now in its third year, the
module has evolved to embrace ecology and ethics, through a biological lens, by inviting Dr
Keith Skene, a world renowned biologist to work with the students, deepening their
research and understanding of ecology. Professor Seaton Baxter who, as founder of the
Centre for the Study of Natural Design, was invited to contribute insights into the role of
indigenous wisdom, to enhance the students understanding of a ‘moral community’ (Holt,
2015, p.xi).
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The Synergistic Workshops
To deliver the themes of the module, biophilia, biomimicry, resilience and symbiosis,
workshops were developed by David Sanchez to engage the students with nature, helping
them to understand the complexity of each subject. Orr (2004, p.2) suggests that we
require ‘ecological design intelligence’ which is ‘motivated by an ethical view of the world
and our obligations to it’. To encourage this ‘ecological design intelligence’ biophilia and
biomimicry became crucial concepts as drivers for design inspiration through this module.
Janine Benyus (1997, p.2) suggests that we can make a ‘conscious’ decision to emulate
‘life’s genius’. However, to engage with a natural system and mimic it through a creative
process requires a conscious awareness of and understanding of nature and its potential to
inspire design. This however, assumes that we, as a human species hold a respect for
nature’s potential to inspire, and that any design outcome therefore will be ethical. This of
course is not so.
Wilson (1984, p.1) defines biophilia as ‘the innate tendency to focus on life and lifelike
processes’ and suggests that ‘a quiet passion burns, not for total control [of nature] but for
the sensation of constant advance’ (1984, p.10). Wilson goes on to suggest that the ‘same
knowledge that brought the dilemma to its climax contains the solution’. As a human
species we are unaware of the impact of our actions. Our ‘unconscious’ actions, as
Anthony Giddens (1984) suggests, is driven by culture and social interaction, and it is
therefore necessary for us to become ‘conscious’ of the potential of nature to inspire
design. This requires a re-engagement of the human spirit with nature, to nurture the
connection of the unconscious response, to become the conscious act. As Edward O Wilson
states, our ‘crucial inadequacy is not likely to be remedied until we have a better grasp of
the diversity of the life that created and sustains us’ and ‘it is a frontier literally at our
fingertips, and the one for which our spirit appears to have been explicitly designed’.
(1984, p.20-21)

Biophilia: Engaging with Nature
This workshop aimed to establish a reconnection of the human spirit with nature
through emotional, cognitive, aesthetic and spiritual development. Locating the workshop
within the University Botanical Gardens proved fruitful and it was the first step towards a
‘mental development’ through which the students could understand the relevance of cocreating with nature and consider an ethical dimension to their design practice.
Students were taken into the grounds of the Botanic Gardens and, in a circle, used their
senses to hear, see and feel nature. Whilst this might seem very ordinary, students
experienced very different sensations when, working in pairs, one was blindfolded and
taken around the gardens to touch plants and trees. This activity stimulated the
‘unconscious’ response we recognise as the first step to engaging with nature.
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Figure 1 & 2 Biophilia workshop.

Biomimicry: Designing with Nature
The Biomimicry workshop aimed to identify Biomimicry as a tool, through which the
designer could achieve an ecological design outcome. It was suggested, through the
workshop, that by emulating living systems, one could achieve ethical values, inspiring
design solutions. Observing their natural environment within the grounds of the Botanic
Gardens encouraged activities that were conducive to their project. An inspiring
environment in which to learn, the students were given tasks that encouraged them to
recognise that emulating living systems added intrinsic ethical values to our culture.
Students were required to choose an animal and mimic it in some way. Although a fun
exercise it promoted the value of a non-human species.

Resilience: Change with Nature
The theme of ‘resilience’ in relation to ecological systems is a term that has been used
widely by ecologists (Gunderson, 2009) to describe the ability of a ‘system to recover to its
former equilibrium state after disturbances’. The relevance for design is that ‘resilience’
can be a concept that is fundamentally at the heart of any design outcome. Holling (1973)
suggested that ‘resilience’ as a concept would be used to describe the temporal
transformations that can occur within an ecosystem. What was key to this concept was the
‘persistence of relationships within a system’ and the ‘ability of systems to absorb changes
of state variables, driving variables and parameters, and still persist’.
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The Resilience workshop promoted an emotional and conscious response to nature and
how it can change. Students were asked to gather materials from the gardens to build an
island. They were split into two groups and began to immerse themselves in the activity.
They were given words relating to nature, such as ‘river’, ‘mushroom’, ‘wheat’, ‘pine’, to
place strategically within their island. The students then named their island and they were
then given artificial things to include, such as plastic straws, post its and pegs. Once they
had taken pride in their creation, the groups switched and were tasked with destroying the
other team’s island.
It became obvious the students had become emotionally attached to ‘their’ island, and
were uncomfortable with the concept that they would destroy something the other team
had spent time building. The words used by the students to describe their emotions were,
‘sad, disappointed, not fair and guilty’. The students then went back to their island and
rebuilt it. This then gave them a sense of hope that they could rebuild their island but
make it better.
We would suggest that for designers the concept of resilience is a greater challenge and
yet one that should frame any investigative research within the design process. If we
design with a historical bias we can clearly miss the fundamental requirements of the
systems to change and adapt to new conditions. Design can play a crucial role in providing
communities that ‘nurture’ and ‘protect’ humankind from the natural disasters that are
becoming commonplace, through our changing climate.

Symbiosis: Transcend with Nature
The final theme was where students examined the holistic experience for design
through understanding the value of biophilia, biomimicry and resilience to compliment
each other and generate a symbiotic relationship with the living planet through design. In
this context, the meaning of symbiosis is referred to as the benefit of a mutual relationship
between two or more different entities, in this case the designer’s intention and earth’s
sustainability. This brought a reflective perspective to the learning experience of the four
workshops.
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Figure 3 Resilience: Building an island.

The Design Process
The module initially used the design process framework REASON: Research //
Environmental Evaluation // Analysis // Selection // Outcome // Nexus (Malcolm, J 2010)
which places environmental evaluation within the research phase of the design process
and gives credence to reflective practice as the link between the learning experience from
one project, to its application on the next through ‘nexus’. This provided a platform
through which key principles were driven. The REASON framework was then
complemented, in year 3, with a Symbiotic Design Practice Helix (Figure 4), which
interconnects the concepts of biophilia, biomimicry and resilience in order to design
ethically. Such concepts were intended to reconnect, rediscover and reflect, on the design
process through the learning journey. This framework is based on ‘integral theory’ (Wilber,
K. 2001) and serves as a guide for the educator when encouraging awareness,
understanding and action, as well as establishing a legacy beyond the module.
To understand and realise the true potential of design within our world we need to
acquire ‘an affinity for life, earth, forests, water, soils and place – what E. O. Wilson calls
Biophilia’ (Orr, 2004, p.129). This reference by David Orr to Edward O Wilson’s concept of
biophilia is particularly relevant to this discussion. Wilson (1984, p.1) suggests that ‘to
explore and affiliate with life is a deep and complicated process in mental development’.
He also suggests we need a new way of ‘looking at the world’ (Wilson, 1984, p2) that
allows us to embrace our ‘instinct’ as a human species, thereby placing a ‘greater value on
[other organisms], and on ourselves’. If we consider that the use of our ‘long-term
memory’ (Wilson, 1984, p.41) through our interaction with nature could influence our
‘short-term memory’, what learning experience can be achieved?
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Figure 4 Symbiotic Design Practice Helix.

Moving from the ‘unconscious’ to the ‘conscious’
Adopting biophilic, biomimetic and resilience principles to influence and inspire design
presented the project with an interesting complexity. To understand fully the relationship,
it is important we consider the way in which our conscious and unconscious responses to
nature and design can act. As Wilson has noted, the ‘long-term memory’ can influence the
‘short-term memory’, and for this purpose we would suggest that there is a relationship
between the unconscious ‘long-term memory’ and the conscious ‘short-term memory’. As
children we engage with nature through acts of play, discovering a slug under a stone, or a
spider crawling up a wall. We are not conscious of the influence of such interactions, but
we retain a ‘long-term memory’ of this world in which we lived. If we therefore consider
stimulating such dormant memories through an emotional response, whereby the
‘unconscious’ memory becomes the ‘conscious’ act, through a re-engagement with nature,
the potential to inspire the designer is endless.
Anthony Giddens (1984) presents a notion that we act as individuals within our
environment, and such actions are driven largely by our ‘practical consciousness’. Giddens
suggests that ‘all social systems, no matter how grand or far-flung, both express and are
expressed in the routines of daily social life, mediating the physical and sensory properties
of the human body’. (1984, p.36) This theory suggests that we act as individuals in the
world, in an unconscious way, through our ‘practical consciousness’, embedding a
response within our memory. It is therefore inevitable that if one thing happens we will
respond in a particular way, because that is how we have learned to respond to that
situation or within that environment. Our response is triggered by temporal, social and
spatial conditions, by knowledge that we have acquired through our interaction with the
space in which we exist. If we take Giddens’ notion that our ‘conscious’ response has
become the ‘unconscious’ act, we therefore need to achieve, through the design process,
an ‘unconscious’ response to nature, through our ‘practical consciousness’. Figure 5 below
illustrates the fluidity through which our ‘unconscious’ response to nature becomes the
conscious act, thereby inspiring design through our ‘practical consciousness’.
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Figure 5 The unconscious response to nature.

Although Giddens ‘Theory of Structuration’ (1984) draws its hypothesis from social
science, this paper suggests that the ‘practical consciousness’ of the ‘new’ ethical designer
can and must be driven by the natural systems they interact with, and the duality of ‘time’
and ‘space’ can be contextualised through an ecological avenue.
Arne Naess (2008, p.81-82) suggests that ‘we cannot help but identify ourselves with all
living beings’, but that we ‘largely ignore’ our ‘identification with nonhuman living beings’.
Arne Naess’s concept of ‘ecological self’ should be noted here, as it is the human
relationship ‘with other living beings’ that provides the focus for the ‘practical
consciousness’ that Giddens’ relates to. Naess however, suggests that ‘the meaning of life,
and the joy we experience in living, is enhanced through increased self-realisation’. We
would like to suggest therefore that the designer must ‘realise’ the potential opportunity
presented by co-creating with nature to inspire a new world, and that to achieve this there
needs to be a deepening of the ‘Self’ to become the ‘new’ design thinker.

The Ethical Dimension
A ‘Self-realisation’ of our relationship with nature and the potential it has to inspire
design however does not necessarily mean that the design outcome will be ‘ethical’. To
fully understand the relationship ethics has with the environmentally considered design
outcome, we need to observe what we consider to be ethical. The reflexivity of the
educator must be prevalent here, as ethical dimensions lie within the values and principles
of each and every one of us. But who is to assess the morality and ethical practice of every
educator? This presented a grave dilemma, as it can be, and should be, a daunting
prospect delivering a lecture on ethics. We would argue it requires a further ‘selfrealisation’ of the educator to fully understand that there is no right and wrong and that
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the ability of the individual to be ethical, through their design practice, is always open to
interpretation. What we must always remember is that ethics is a human-centred concept.
The duality of ‘ethics’ and the ‘self’ therefore requires further analysis. It is a
controversial subject, that we align ‘ethics’ and the ‘self’ as a relationship, as it is based on
an individualistic perspective of our ‘self’ within the world and promotes an egocentric
vision. As individuals, we are influenced by the culture and beliefs of the society in which
we have grown. We can therefore question whether our personal beliefs are based on an
ethical foundation and ask who is to measure this phenomenon? We would suggest that
critical reflection is key to the process, however we use reflexivity from a personal bias and
therefore the process cannot be considered ethically challenged.
We cannot claim to be able to teach ethics, but rather to deepen the critical thinking of
students to facilitate a move towards ‘Self-realisation’. John Nolt (2015, p.160) suggests
‘ethical biocentrism is the view that all living things are morally considerable’. Nolt (2015,
p.163) discusses Naess’s belief in the ‘Self’, where we are required to have compassion for
other non-human species. There is a significance attached to the capital ‘S’ where is
becomes the ‘expanded version’ of the ‘self’ where it suggests a more egocentric and
individualistic act. The ethical principles by which we measure our actions therefore
requires a deep understanding of our ‘Self’ and this can only be achieved by recognising
our ability to be wrong.

Evaluating the Student Experience
As stated earlier, the evaluation of the student experience drew data from three
sources, the practical group submission, a reflective written article and the module
evaluation. John Nolt (2015, p.xi) discusses the concept of the ‘moral community’ and
suggests it is related to ‘those whose welfare we hold to be morally considerable’ and that
ethics was originally the domain of ‘tribal’ communities. The sense of belonging to a
‘community’ or ‘tribe’ means ethical decisions are culturally driven, hence the problems
the planet faces, arising from bad moral judgements by communities.
It is this ‘moral community’ the students were asked to consider in their ‘Design of a
Community’. The ‘community’ was sub divided into Housing, Water, Food, Communication,
Education, Transportation and Health. Each group then chose a topic at random, pulled
from a hat. They were also asked to consider the ethical dimension through the values and
principles they believed to be crucial in achieving an ethical community that could protect
and nurture its inhabitants.

The Practical Project
Evaluating the project itself raised an interesting point where the design brief
challenged the students to consider what they believe a design outcome should be. The
following statement by a student highlights this point:
‘This course has been challenging in parts. For some time near the beginning of the
project I found it difficult being unsure of exactly what I was working towards as a final
outcome. In the learning model that I am used to it is generally made very clear.
However, I think that I actually learnt more because of this uncertainty. Because I was
not always researching with a specific goal in mind I was able to explore and experience
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outside of what I thought I ‘should’ be learning. I was not just absorbing facts so that I
could hand them back in the form of an assignment, but making discoveries that
actually made me consider how, as a designer, I could bring about change.’
This reflective statement suggests that as educators, the way in which we deliver
projects can affect the way in which students will learn. The written brief, therefore, is
crucial in facilitating the learning experience to become expansive, promoting an
understanding of the complexities of designing for a community, whilst acknowledging
there is a role for the designer whose desire it is to nurture change.
Through the project submissions, we were able to observe the transformation of design
thinking, where it moved from a single vision lens, to a complex symbiotic vision,
incorporating multiple facets for a new society. Research into specific organisms, both
animal and plant, became more rigorous, particularly through the contribution of Dr Keith
Skene.

Figure 6 Design for Transportation mimicking the Giant Lily Pad and Pond Skater.
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The resulting designs varied in complexity, allowing us to observe the impact nature
can have on design and the creative process. This is illustrated in Figure 6.
Designing ‘Health’ for a community however, was far more complex and required an
understanding of systems thinking within an ecological context. Dr Keith Skene promoted
this aspect through his concept of ‘sub-optimality in nature’ (Skene, 2011, p.378). To
understand how organisms function and interact together to ensure the sustainability of
each species was crucial in understanding how the health of a community could be
examined or indeed improved. Figure 7 illustrates the complexity of working with multiple
organisms to design a system aiding the health of an individual and their environment.
Taking inspiration from the Leaf Cutter Ant, the Glass Frog and the Hummingbird, students
proposed a way in which we can become more observant regarding the emotional and
physical changes within our own body. They promoted a system based on nutrition, health
and recycling, important dimensions of well-being

Figure 7 Health.

Being able to visualise a system, which does not already exist, can be challenging and
at times students did struggle. To overcome this they were given a short activity on
drawing, using a Goethian method of scientific observation. To draw using the imagination
required them to lose any preconceived intentions where visualisation is not copying, but
rather creative, from one’s own imagination and experience. The activity gave students an
opportunity to draw and enjoy the surroundings of the Botanic Gardens, not initially
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realising the relevance of the method to help them visualise a concept. This was reinforced
when they began visualising their ideas.

The Written Article
The ‘nexus’ within the design process invited the students to be reflexive through
critical thinking. In this case the format used was a written article in which they discussed
their process and reflected on their learning journey. A learning map, outlining their design
process, complemented the article. Both the written article and learning map were
individual submissions. Through these submissions they could reflect on team activity and
what their contribution had been.
The importance of this process is to holistically marry theory and practice together,
aligning it with their creative practice. The articles also allow us, as facilitators of the
module, to evaluate the individual learning journey and ascertain whether the student
achieved a sense of ‘self-realisation’. The following quotations from the students suggest
this process was successful and whilst students recognised the complexity of the themes,
they also recognised the principles they presented. As one student suggested ‘it was a light
bulb moment’.

Figure 8 An example of a reflection article.

In her reflection one student suggested she had ‘learned that being ethical is about
more than just putting plastics and paper in the right bins and that what is needed is a
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greater conscious effort within all aspects of life in order to make a notable change’. In her
closing statement she added:
Finally, one message I would give to people that I have found both insightful and
enlightening, is that people have to realise that humans are a part of nature and not
superior to it and to remember that nature is the reason we survive.
What is important to note is the recognition given by students to the role Dr Keith
Skene and Professor Seaton Baxter played in deepening their understanding of natural
systems and indigenous wisdom. To use biology to complement design was extremely
successful and enhanced the students’ knowledge of nature and its potential to inspire
design.

Module Evaluation
To evaluate the success or failure of the module ‘Design Values, Issues and Ethics’ we
produced a quantitative online survey, in year 1 and 2, including both open and closed
questions, relating to the learning experience. In year 3 the school evaluated the module
through a formal quantitative survey, aligning the questions with the National Student
Survey (NSS), where again both open and closed questions were included. In this
evaluation we draw on results from both surveys.
In year 2 we received 7 of a possible 25 responses. With 5 being very high and 1 being
very low, the respondents in year 2 were asked to rate their experience of the module and
the workshops in terms of their effectiveness. When asked ‘how they would rate their
learning experience’ all respondents awarded the module an overall 5. When referring to
the workshops all respondents rated them either 4 or 5. Student’s suggested the
workshops created ‘a sense of curiosity and discovery (enchantment with the natural
world)’ and an ‘awareness of what you are going to leave for future generations and our
world’. They believed they had achieved a ‘new way to see and act in the world [in which
they] live’. They also recognized they had gained ‘a sense of reconciliation between human
intention and nature’s purpose’.
The NSS survey in year 3, received 8 of a possible 23 responses. The questions gave two
options for answers, which was ‘agree’ or ‘disagree’. When asked if ‘the module aims were
clear’ 7 out of 8 agreed, commenting that they ‘liked the fact that tutors didn’t tell us
exactly what [the] final community designs should be as it allowed each group to go down
their own roots without worrying if it would be right’. Another respondent suggested the
module had ‘change[d their] perspective about design’ and how they ‘as designers’ could
have ‘direct impact in the world’. They did however acknowledge the complexity of the
module and stated they knew what was ‘needed to be submitted’ for the module, and
what they would ‘get out of’ it, but that ‘how to get there wasn't so clear’. They then go on
to explain that they [thought] it ‘benefited [them] as it encouraged [them] to be much
more creative with [their] thinking’. All responses were very positive and students also
commented on the location in which they were learning, stating they ‘enjoyed working at
the Botanic Gardens’.
What was also important to assess was whether the learning experience would have
longevity in relation to their design intention for future projects. Asked if the module had
‘made [them] think differently about [their] own design practice’ all respondents replied
‘yes’. The students also now believed that they had acquired the ‘tools’ to ‘become
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designers of a more sustainable and ethical future for biodiversity and human well-being’.
Students suggested that the module ‘would help them with their design projects’ and that
it helped ‘broaden their perspective on ethics’. They also expressed a desire to ‘explore
biophilia, biomimicry, resilience and symbiosis through further studies’. Five out of
eight students also claimed it would help them with their final research thesis.
Reflecting on the aims of this empirical study and the research questions we set out to
explore, we can observe that whilst the themes promoted through the module were
complex and multidimensional, through an ethically driven vision, students embraced
nature and achieved a profoundly inspired learning experience.

The Reflexivity of the Educator
What is fundamental to the teaching of such concepts is our responsibility as educators
to be reflexive and to constantly challenge not only the students, but our ‘Self’. This
project was not merely a partnership of ecological themes driven through an engagement
with nature, but also of two educators, one from a graphic design background and one
from industrial design. Although from very different disciplines we married our specialist
skills and vision to enhance the student learning experience. It was a partnership built on
trust and like-mindedness, with a desire and passion to use design as a tool to facilitate
ecological and societal change.
We can never be hasty in our endeavour to promote such issues without critically
reflecting on our own practice, and question our own ability to be ethical and
environmentally visionary. It is about accepting our failures in life and acknowledging that
through failure can come enlightenment. We can attempt to make change in small steps
and through the constant analysis of such steps we may contribute to a healthier planet
and a population that begins to examine the impact of their interaction with society and
the natural world.
Our most powerful tool is reflexivity. Through a ‘transparent reflexivity’ we become
more ‘visible and open to debate’ (Rose, 1997). As educators, what we do with our findings
and conclusions will determine whether we are successful in our quest for a world that
embraces empathy and compassion as fundamental qualities towards an ethical society.

Conclusion
Within this empirical study we set out to examine contemporary design values, issues
and ethics through biomimicry, biophilia and resilience, exploring conceptual opportunities
through an ecologically driven design project. We have also suggested that the student’s
engagement with nature has the potential to inspire design. Using a partnership of
biomimicry and biophilia to provide the designer with an understanding and knowledge of
nature, enhancing their awareness of the conscious and unconscious response to the
natural environment, deepened their design process and, we have argued, their ‘selfrealisation’. Through our unconscious response to nature we have discussed the impact
this can have on our conscious act through our ‘practical consciousness’ (Giddens, 1984).
As a new module delivered to design students, ‘Design Values, Issues and Ethics’ aimed
to promote a set of principles for design that were environmentally and ethically driven,
providing a platform on which we could ‘foster intelligence, thought, and good heart’
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(Orr, 2004, p.xiv). Through the delivery of four themed workshops, we promoted a
relationship that nurtured a journey of design, and through evaluation of the project,
written article and module, it appears that students have now been equipped with a new
vision for an ecologically and ethically driven design process. Using biomimicry, biophilia
and resilience as tools for design has proven itself to be a valuable relationship and one
that offers an avenue to promote Orr’s ‘ecological design intelligence’. The module won an
award for innovation (2014) from the University of Dundee.
For the educator the lesson is not so simple. Through constant re-evaluation and
reflexivity we need to examine our ‘Self’ and our own individual ethical intention. To
encourage new ways of seeing design, holistically aligning itself with nature, we need to
‘come home’ (Orr, 2004, p.202). As Orr suggests we must prepare young people to ‘restore
ecological and human scale to a civilisation that has lost its sense of proportion and
purpose’. Preparing our students to understand the complexities of designing through
ecological and ethical principles means we need them to question what they are designing,
whom they are designing for and what is their design intent. Only then can we begin to
achieve a truly holistic view of design and its potential to nurture change.
Acknowledgements: We would like to acknowledge the valuable contribution
Dr Keith Skene and Professor Seaton Baxter have made to this module. They
have both generously given their time and expertise, and encouraged the
development of an ecological design philosophy through their support of this
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Abstract: Place-based education provides ways to examine the influence of
combining art with science in the educational process. This project focused on
students’ artistic expression through interactions with the natural environment
through the design of original art projects, using products/artifacts that enhance the
environment. An ethnographic methodology provided a holistic way to understand
art, artist, and the wider environment as a cohesive whole. The study, integrating
science with art, revolved around the pollinator garden at the students’ high school.
Students created unique art projects for the garden, using natural and recycled
materials that could withstand the Michigan climate. Students became engaged
with the environment and incorporated elements of the environment in their
artwork. The work was completed in six weeks. Qualitative data were collected using
the researchers’ field notes, personal journal, student journals, interviews, and
students’ finished projects. After six weeks, the students’ completed art projects that
were hung in the garden. During the study, the students became collegial and
collaborative, offering suggestions and critiquing each other’s work. The students,
empowered to be creative, worked collaboratively and independently in planning
and completing their art projects.
Keywords: environment, place-based, empowerment, art
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Integrating Art and Science in Placed-based Education

Introduction
Despite Dewey’s (1902) identification of the environment as a way to make learning
effective, place often has been ignored as a tool to help people learn, connect, and express
themselves. Instead, place often has been considered a “container” in which events
happen, one not viewed as a player in the course of events, or as an influence on the
quality and depth of one’s experiences.
The problem investigated in this study was to determine which individual elements of two
environmentally-centered disciplines of place-based education and design learning,
support and enhance students’ ability to expand their creativity while learning and
contributing to the environment. While many possible elements might be examined, this
study focused on the foundational elements of the two disciplines.

Placed-based Education
In addition, place rarely was used as the foundation for creative learning experiences. As
detailed below, three approaches exist for place-based education: (a) students use the
environment as a tool to improve learning, (b) students learn about the environment and then
act to protect the environment, and (c) students become politically active to change the
environment. These three approaches focus on environment as an important tool in the
educational process, and are becoming increasingly social and political in nature.
Place-based education as an environmental learning tool. This approach to place-based
education focuses on opportunities for students by engaging the environment as an integral
part of the educational process. Through this process, students and teachers have
opportunities not found in most classroom settings (Smith, 2002). Such a practice disrupts the
growing tendency to disconnect schools, communities, and families from the land on which
they live and work, and contributes to a reduced sense of ownership of place (Smith, 2002).
A substantial increase has been noted in the percentage of students who are committed to
their education as a result of the adoption of place-based education with the inclusion of
instructional practices that are dependent on student initiative and responsibilities. This higher
level of student engagement results in improved critical thinking and problem-solving skills, as
well as enhanced interpersonal communication skills (Lieberman, 2000). In addition to the use
of student-initiated instruction, place-based educational practices include interdisciplinary
integration of subject matter, collaborative instruction, emphasis on real-world problem-based
learning, learner-centered methods, and multiple approaches to independent and cooperative
learning (Chin, 2001).
Sobel (1999) suggested a guideline for place-based education that could be used with
children from pre- and elementary school through high school. Early childhood activities
centered on the home-based environment and focused on developing children’s empathy for
the natural world in which they interact daily. Children in the middle years of childhood began
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to bond with their environment because of maturation and increased personal exploration.
Adolescents, being sociable by nature, began to discover themselves and their connection with
society, with many inclined toward saving the environment. Their environmental curriculum
could encompass community-involvement projects, such as: school recycling programs,
environmental clean-ups, and park beautification projects. Over a period of 10 years, using
place-based educational practices, Sobel (1999) noted specific patterns in the relationship
between children and their expanding environments.
The use of place-based education, as a tool to help students succeed academically, has
been evaluated in a number of ways. Information gathered from 40 programs in 13 states was
presented at the State Environment and Education Roundtable, San Diego, California. The data
from these programs provided evidence that place-based education improved performance on
standardized tests, including reading, writing, mathematics, science, and social studies. The
programs also were effective in developing higher-level critical thinking skills, reducing
problems with discipline and classroom management, and increasing engagement in learning
(Lieberman, 2000). Additionally, teachers were more enthusiastic about teaching, as were
students in learning. Thus, place-based education incorporates multiple learning approaches,
collaboration, problem solving, independent and cooperative tasks, student initiated learning,
and interdisciplinary learning.
Personal, social, cultural, and environmental growth and awareness. Students learn about
the environment and then act to protect the environment as the second approach to placebased education. Some educators believe that place-based education can be an educational
tool that can increase students’ learning opportunities, with students becoming more
ecologically literate and sensitive to the environment. These students can become more
ecologically conscious adults, resulting in a more ecologically conscious society. This approach
embraces the use of environments and communities as educational resources. Students who
are working within their own local context and scale are more inclined to become stewards of
their environment once they identify and relate to real and proximate environmental
problems (Chin, 2001). This school of thought anticipates that educators who want students to
relate to the knowledge available to them in nature must be connected to the environment in
which they live (Sobel, 1999).
This approach has increased expectations that place-based education can affect more than
curriculum. Place-based education has the capacity to (a) improve academic achievement, (b)
revitalize teaching, (c) enhance social development, (d) and build stronger communities.
Students’ environmental stewardship can improve and they can become environmental
activists (Wood, 1993).
Connections between education and environment can be enhanced by incorporating
specifics of geography, ecology, sociology, and the politics of a place into local educational
content. Five forms or types of approaches to education exist within place-based education
(Smith, 2002):
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Cultural studies: students conduct investigations of local history and cultural phenomena
and identify themes important to the long-term viability of community.
Nature studies: students learn unique features of their place through environmental
monitoring, restoration, gardening, often with emphasis on science and mathematics.
Real-world problem solving: students determine an issue they want to explore in greater
depth, participate in developing a curriculum, and work with a community to solve the
problem.
Micro-enterprises: older students link with economic opportunities in their neighborhoods
through real enterprise partnerships, such as a recording studio.
Community regeneration: students learn to be citizens by being engaged in the
community, investigating issues, and making recommendations to policy makers.
These approaches may be used individually, or in different combinations.
Implementing place-based approaches can help students develop competence and
commitment to their education. Learning is extended beyond the school building and into
the real world, giving students opportunities to address problems that may influence
future and long-term issues. Communities benefit from place-based education when
students and community members work together to improve the environment. Students
realize that they can make a difference with community-based service projects. Students
work to improve the quality of community life and add to the overall social capital of all
members of the community (Chin, 2001).
By increasing community involvement, place-based education allows examining issues
related to the perceived dissociation between the community and schools, as well as the
disconnect between young and old, their history of place, and the sense of place, itself.
When community members, both young and old, understand their collective history, they
become able to create a future that integrates all community members. Shared
experiences can result in personal reflection and dialogue with others to identify what
contributes to community well-being.
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Nontraditional collaborations building life-long learning experiences. Critical pedagogy of
place, the third school of thought in place-based education, blends critical theory
(Gruenewald, 2003), critical pedagogy of Freire (1998) and Giroux (1988), and place-based
educational beliefs held by Orr (1992) and Sobel (1999). Creating an understanding
between students and the place they inhabit comes from place-based education.
Understanding both social and ecological responsibilities that students have to a particular
place, one that challenges assumptions, practices, and outcomes often assumed in placebased education comes from critical pedagogy (Gruenewald, 2003).
The blending requires modification of the both theories – place-based education and
critical pedagogy. Place-based educational approaches may be reluctant to link ecological
themes with critical themes, such as urbanization and homogenization of culture under
global capitalism (e.g., Harvey, 1996). Critical pedagogy, conversely, often fails to consider
that human culture has been, is, and always will be nested in ecological systems (Bowers,
1997, 2001).
Critical pedagogy of place generates interest in examining the relationship between
environment, culture, and education (Gruenewald, 2003). Teachers and students need to
expand their understanding of these entities to include social and ecological concerns of
the places they and others occupy. Developing a critical pedagogy of place requires all
involved people to be willing to look inwardly at their communities and lives. They must
then question those principles that need to be preserved continually, and determine what
cultural, political, economic, and ecological changes need to be made to improve
education. Students and teachers may be well advised to go outside of the school
environment and experience the world beyond the school walls. This movement could
include environment in all its forms, from urban to rural, encompassing the shared cultural,
political, social, and historical milieus.

Design Thinking
Looking to the environment for design models can provide new ways of thinking about
issues of place. The integration of place, environment, and science offers new ways to think
about ecological design. Collaborative pursuits among teachers, students, and the
environment promote new ways for students to interact with nature. Design thinking is
compatible with environmental stewardship when all stakeholders are involved.
Design thinking continues to evolve over time, with six dimensions included in what
constitutes an experience: (a) time/duration, (b) breadth/ consistency, (c)
significance/meaning, (d) interactivity, (e) intensity, and (f) sensorial/cognitive triggers
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(Shedroff, 2001). Here, all aspects of an experience adds to a person’s understanding, with
some experiences more notable than others. Certain experiences are worth sharing and
certain elements of experiences are knowable and reproducible, thus designable (Chochinov,
2009). The general principles of design thinking include informing and educating others on
sustainability and working collectively to create positive environmental and social experiences
(Chochinov, 2009). Thus, design thinking suggests a design approach in both technology
(digital and on-line communication and information-sharing), and real-world design
applications matched to environmental stewardship.
The purpose of this study was to develop an understanding of the nature of a creative
learning experience that incorporated the foundational elements of these different disciplines.
The research question addressed in this qualitative study was:
What is the nature of the learning experience that incorporates the environment and
encourages creativity?

Methodology
This project focused on students’ artistic expression through interactions with the natural
environment through the physical design of the artscape, using products/artifacts that
enhanced the artscape. An ethnographic methodology provided a holistic way to understand
artist, artscape, and wider environment as a cohesive whole.
The study included the participation of individual students in the Fine and Performing Arts
Academy of an ethnically and racially diverse high school situated in a community that has
both urban and suburban qualities. The Academy provides additional support to students
dedicated to pursing the arts beyond high school. The Academy involves high school students
committed to the visual arts as a method of personal communication, with many students
already having met with some measure of artistic success. Additionally, these students were
looking to improve their talents by seeking new experiences and challenges. The Academy
students were more advanced artists than non-Academy art students. As a result, the study
focused on the influence of the environment on Academy students’ current skill level, as
opposed to developing foundational art skills.
Students selected for inclusion in the study had demonstrated a long-term involvement in
the visual arts and were members of a group of dedicated students who comprised the visual
art component of the Academy. Eight students volunteered, had parents’ permission to
participate in the study, were informed of the nature of their involvement, had all concerns
addressed satisfactorily, and signed assent forms to participate in the study. The study was
approved by the school district and the Institutional Review Board at Wayne State University.
The students ranged in age from 15 to 18 years, with a balance between boys and girls. The
students had been at this high school for at least three years with the exception of one
freshman student. None of the students seemed to consider the environment a source of
creative inspiration; on the contrary, these students lived, worked, and created in urban
communities, where being outdoors was uncommon. While study participants possessed
characteristics relevant to the study, they were representative of high school students living in
urban communities, in that they were visually creative, but lacked exposure to the outdoor
environment for creative growth (Schensul & LeCompte, 1999).
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The Art Activity
The arts activity was a partnership with the science department’s newly planted pollinator
garden. A pollinator garden uses native plants to attract bees and other insects to enrich the
landscape and provide a safe haven for endangered native species. The students created art
projects that would be used in the garden at the school. The type of art projects was left to the
students. Art productions, drawings, paintings, and sculptures, created in different mediums
were important for understanding the impact of environment on creativity. The students were
informed that the art project must be completed within the six-week period.
The partnering science teacher introduced the project by presenting a PowerPoint™
presentation on native plants, including images of mature plants and insects native to the
garden. The students began to plan their art activities and record their thoughts in their
journals. The students were encouraged to be creative, but were informed that the art
projects would be placed outside in the garden, so some mediums would not be appropriate.
The students maintained journals that were their personal investigations into sketching,
materials, techniques, and mediums, in addition to exploring, experimenting, and developing
ideas for the art project. Reference images, photographs, thumbnail sketches were included in
the journals and were part of the class discussions. Students were expected to make entries
into their journals several times a week.
The eight students participated in environment observations, non-directive interviews, and
the creation and documentation of artifacts. The teacher took notes related to students’ inclass activities, students’ art progress, and teacher-student exchanges. Students also
maintained journals about their experiences during the art activity. Pseudonyms were used in
the teacher’s notes. Keeping teacher notes using pseudonyms reduced the potential for loss of
confidentiality should teacher notes be seen by others and minimized the likelihood of
identifying information being included in the research records. Their finished projects were
assessed on aesthetic value as well as the research that they conducted prior to and during
their work on the art project.
The Academy is embedded in a public school, and I am one of its teachers. As the visual art
teacher for the Academy for the last 19 years, I have long-standing, established relationships
with students. They, as well as their siblings, have taken a number of my classes. Additionally,
many students are involved in the extracurricular activities I sponsor (e.g., art club, set
construction crew for the yearly plays and musicals). The planned art activity for the study is
consistent with the curriculum and presents minimal intrusion in their coursework.
At the end of the semester, the chair then informed the researcher which students
assented. The researcher used portions from the student information (the teaching notes and
informal conversations during teaching, as well as art projects/artifacts, or still images of
these) that relate solely to participants. This portion of the student information was removed
from the school and become a de-identified data set for research analysis that was stored in
the researcher’s home office. Non-participant names and pseudonyms were removed from
the list that linked the students’ names to their pseudonyms. The shorter list of participants
was shredded after the final dissertation is approved.
Multiple data collection sources were used to assure redundancy of information or
triangulation of findings (Denzin, 1978), including: participant-observation field notes and
reflective commentary, informal interviews, group discussions about the art activity (termed
“group critique”), artifact collection, semi-structured interviews (following submission of
grades and limited to participants) and student journals. The ethnographic methods approach
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in this study revolved around participant observation of activities, a strategy that the teacherresearcher routinely uses during art-education activities. As an embedded member of this
population, the teacher-researcher participation was both expected and required. Insiders’
understandings of events recorded in the field notes and reflective commentary were sought
through informal conversations during art activities. In addition, artifacts were collected.
After submitting grades, a thorough semantic data analysis was performed. Transcribed
field notes and reflective commentary were reviewed to identify cultural domains embedded
in them, as part of semantic domain analysis that followed patterns of sameness in the
information. Included terms (phrases, ideas, actions, etc.) were identified that related in the
same way to a cover term (or domain name). Domains that persisted in multiple sources of
data and at different points in time in the same kind of data deserved retention in findings,
and demonstrated triangulated results.
Debriefing sessions, peer reviews, and the researcher’s journal were used to help the
researcher remain open to alternative approaches and receptive to challenging assumptions,
as well as to examine developing patterns and theories. The researcher’s journal provided a
record of fieldwork activities and provided places to note the researcher’s observations that
needed to be checked against data. Through such activities, the researcher’s journal could
help minimize researcher bias and support the credibility of the study (Guba & Lincoln, 1989).

Findings
Incorporating the Environment to Encourage Creativity
Venturing out into the pollinator garden for the first time was a new experience for some
students. Their previous involvement/relationship with the environment typically was
confined to the space in which they moved from point A to point B (e.g., parking and going
into a store). Beyond concerns for personal safety in the environment, most students were
unaware of the interdependence of plant and animal life supported in a garden.
When the students began researching possible art projects on computers, they realized the
enormity of possibilities. Janet wrote in her journal that she did not realize the lines and angles
that were possible in the environment. Laurie began to see the environment as art, and Owen
wanted to use the collected grass to create a grasshopper to understand the environment
better. Janet found that being in the garden sparked the idea of building an organic bird
feeder. She was beginning to see how that creating art could include things that were
functional, beautiful, and environmentally friendly. Similarly, Laurie wrote:
The whole perspective on nature’s creativity, I began to grasp the concept of how plants
adapt to the earth and how the climate creates beautiful reactions. Now I created an idea for
me to do for the project, studying nature and my surroundings and adapting to them can help
me create a beautiful work of art.
Larry named the project “the creative endeavors.” When the project was first explained to
him, he felt that it would be impossible because he considered creativity to be intangible. He
asserted that creativity could not be taught, it was internal, not external. Additionally, he
wondered how creativity could be measured or monitored as an abstract characteristic,
especially in the arts where creativity, as well as individuals, differ. Larry found his definition of
creativity through the project. He defined it as a collection of new experiences, challenges, and
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techniques, as well as the discovery of abilities and application of new skills needed to create
art projects.

Collaboration
The eight students found the project educationally liberating, because the only
requirement was the final product, when completed, had to withstand the elements, year
round, in the pollinator garden. With that criterion, the students felt free to research, choose,
and create whatever they found interesting.
Janet said she would think about and research the project at home. Because she had not
been told what to do, she was able think creatively and came to school interested in discussing
her discoveries with others in the group. Owen, in his journal, wrote that the group discussions
might have contributed to his many unfinished projects. He indicated that so many ideas and
new projects were discussed that he found it hard to choose a single one on which to focus. As
documented in the researcher’s field notes, Larry gathered research by collaborating with
students in class, other teachers, and a racecar engineer. In his journal, Larry commented that
the open-endedness of the project gave him the freedom to explore and learn in a way that
best suited him, which was heavily based in collaboration.
The researcher’s field notes indicated that all students found the collaborative and
noncompetitive experiences useful. They found these experiences liberating, including those
students who were struggling with the project’s open-ended approach and others who viewed
it as an opportunity to explore learning. Students were allowed to borrow or build on other
students’ ideas. This observation was most discernible with Robert who moved from creating
wire animal sculptures similar to Owen’s project to creating a mural painting similar to John’s
work. Robert and Owen discussed creating three-dimensional figures for the garden. Owen
attempted to use several types of media for his project (e.g., wire animal sculptures, chicken
wire to create dimensional animals and plants, sculptural pieces made of grass, wire flowers),
before settling on origami paper flowers. Robert conceptualized several of Owen’s projects on
the computer, but never actually attempted any of the plans. Instead, he chose to paint
colorful native flowers that were similar to, but different from, John’s bi-colored work of blackeyed susans.
Collaboration on this project seemed to evolve into four different educational outcomes.
The first outcome offered opportunities for the group to share their personal research, using a
give-and-take exchange that resulted in educational exposure and growth for all students.
Following presentations by the science teacher and myself, the students collaborated as they
began their research on potential projects. During the research phase of the project, they
made discoveries and then share them with other students. When the students began working
on their projects, they turned to one another for help if they had technical or conceptual
problems. No observable physical assistance was noted among the students with the creation
of the projects, except for hanging their completed artwork in the garden.
The second outcome emerged after the students completed their research using
computers and began working on their projects. The breadth of new information and research
sharing created a distraction for some students, resulting in unresolved projects. Owen and
James were distracted from completing their projects because of the exciting information
they, as well as the others, came across during their research. Owen became involved in the
multiple creative options he and others discovered and James often became excited and
distracted because of all of the information derived both from others in the group and his own
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research. Having opportunities to research, learn, and share new information overwhelmed
James at times.
The students had opportunities to learn and explore in different ways in self-directing their
choice of projects for the garden. The third educational outcome showed that students were
encouraged to seek information from multiple sources and explored as many venues as they
deemed necessary before creating artwork for the pollinator garden. The researcher, as the
art teacher, acted as a facilitator to help students, but not influence their choice of projects.
Larry collaborated with many different people: engineers, teachers, and students. While he
might not have realized the need to work with consultants external to the world of art prior to
beginning this project, his collaborations provided the necessary expertise to build his kinetic
sculptures successfully. Janet, who floated between groups, asserted that collaboration was
more about expanding her understanding of environmental issues specific to Michigan than in
deciding on an art project for the pollinator garden.
The fourth outcome related to how collaboration was used when students experienced
difficulty in comprehending the project because the parameters were beyond their creative
comfort zones. When specifics of their projects were discussed individually, including the
single criterion of the piece being able to withstand the elements, the students, for the most
part, opted to stay in their comfort zones. As time, research, and experimentation passed, the
willingness of the students to expand on their original ideas was supported by collaboration
amongst the group. When Robert appeared overwhelmed by the openness of the project, he
drew motivation from Owen’s willingness to consider options that provided support to the
many possibilities to be explored. Robert was able to find direction through Owen’s
explorations. Janet commented that she would think about the project outside of class and
talk to friends both in and out of school to grasp the openness of the project. She elaborated,
“You didn’t really tell me [what to do], you just said the instructions and you let us be creative
with it.” The researcher commented in the interview that Janet had tried a number of things
and did a lot of exploring. Janet said she found the freedom to research and share helpful
ideas for understanding the environment and building a deeper understanding of what is good
for the environment.
The students’ interactions evolved from functioning in isolation to competing actively to
working collaboratively as they developed unique art projects that could be used
harmoniously in a single venue, the pollinator garden. Given an open-ended assignment with
little direction provided freedom to most of the students to research, plan, and create
products that required them to use skills and talents that had not been used in their previous
work.
Similar to design learning, the study found that the students, as a result of their
collaborations, became more connected both in and out of the classroom. The researcher’s
field notes indicated that all of the students helped in hanging the art projects as they were
completed. Previously, the students’ art projects were completed in isolation, with little
interaction occurring. In his interview, Larry found the collaborative aspect of this experience
was positive because he did not feel like he was working alone. The students were working
toward a common goal, providing art works for the pollinator garden that would add to the
beauty of the school. Janet, in her journal, wrote that her artwork would enhance the
environment and last beyond her tenure at the school.
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Being a Partner with the Environment
For seven students, participation in this art project was their first focused experience with
the environment. Prior to their projects, many students had minimal interactions with the
environment and did not understand how their ecological behaviors (e.g., recycling, reusing,
reducing waste, etc.) affected the world around them. The extent of their exposure to the
environment before and during the art project directly influenced their expected level of
continued collaboration with the environment, as well as incorporation of alternative media in
their pieces. Nonetheless, the students found their projects through collaboration, research,
and environmental awareness.
Of the eight participants, three incorporated materials intended for another use in their art
projects, three explored, but did not use alternative products, and two chose to use new
materials for their projects. The three students, Janet, Laurie, and Larry, who incorporated
found materials, expressed a consciousness for the environment and an interest in minimizing
their contributions of “stuff” into the environment. Janet and Laurie used materials found in
and around the pollinator garden. Janet’s project focused on function, while Laurie was
concerned with decoration. Both used wire as either a foundation or connective material, but
focused on materials (e.g., grasses, vines, and twigs) found in the garden for their project.
Janet, in her journal, initially wanted to create an organic birdfeeder with materials from the
garden that would be “both efficient, as well as environmentally friendly.” Larry, after
discussing the engineering segment of his kinetic sculpture with the engineer, used recycled
pop bottles and fishing line to create his “columbine” flowers.
John wanted to create letters for the garden similar to graffiti (e.g., letters or words spray
painted on a wall), making them from moss. However, he found it difficult to determine how
to attach letters to the wall and have the moss continue to grow in an uncontrolled setting. He
also was unsure what medium the moss needed to thrive in the garden. While his idea was
interesting, he came to realize the project was beyond both the time allotment and available
materials. John decided to paint black-eyed susans on plywood for the garden.
Owen and Robert planned to use chicken wire in their original art projects. Owen began
with a plan to form animals out of the chicken wire and then use recycled grocery store plastic
bags to provide color and give the animals’ dimension. Robert wanted to use the chicken wire
to create palm trees for the garden. After making the tree trunk and leaves, he expected to
use plastic grocery bags from stores to make the trunk and leaves. However, he realized that
palm trees were not indigenous to the environment and as the pollinator garden included only
native plants, his original plan was not appropriate. Robert then completed a painting on
plywood that was hung in the garden. Owen was unable to complete a project for the garden.
Two students, Barbara and James, did not consider using any materials beyond those that
were new and could be purchased. Their projects, the butterflies and the unfinished plant
super hero, fell into their comfort areas. While the completed butterflies were creative and
were included in the garden, they fell more in an arts-and-crafts genre. James’ incomplete
super hero could not be hung in the pollinator garden.
Thus, students tried to incorporate the environment to some extent in their initial art
project considerations, with Robert, Barbara, and John having the weakest connection and
Janet, Laurie, and Larry having the strongest. All of the students determined that their initial
attempts were too ambitious, often because of technical difficulties, site-specific problems,
and mismatch with the native plant pollinator garden. As the students became aware of these
difficulties early in the project, they changed or adapted their initial plans to projects that
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were appropriate for their abilities and could be completed in the period allotted for the
study. As such, their decisions about their projects illustrate how they collaborated with the
environment, as well as how some repurposed natural materials for their art. Figure 1 shows
the art work that was installed in the pollinator garden.

Discussion
The purpose of education is to broaden students’ worlds, their minds, their experiences,
their outlooks, and their dreams for themselves and their communities. Education should
teach students to think, rather than telling them what to think. Education should broaden a
students’ perspective and help them evolve into aware individuals. This project provided those
educational experiences to the students.

Figure 1: Art installed in the pollinator garden at the completion of the art activity. (Mills, 2013)

The students in the present study were enrolled in an advanced placement art class, with
many having plans to pursue art in their post-secondary programs. As part of the project, they
were empowered to conduct research, decide on projects, and be creative. The increase in the
use of technology for students to learn in isolation (e.g., podcasts, online classes, social
networking, etc.) seems to influences the extent to which students are able to integrate what
they are learning (e.g., social studies linked with math in economics, art and English literature
linked with history to understand how art and literature are related to different eras, etc.).
Instead, they learn these subjects in isolation. Education might instead represent a process
that helps people learn to think, explore, experiment, take chances, and learn from mistakes.
This project was the students’ first opportunity to move out of the educational system that
encouraged isolation instead of collaboration and integration. The students had only one
constraint on their choice of art projects; it had to be able to withstand the weather in
Michigan. This empowerment was new in education and allowed them to integrate art,
science, and the environment in creating unique art projects. Results of this project provided
support that students could learn to integrate different concepts into a new idea and produce
artwork that enhanced the environment. This concept is important to education because of
the concern that adolescents are becoming more isolated and unprepared to move into the
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adult world where interaction, collaboration, creative thinking, and problem solving are
necessary for success.
Historically, the students in this study were comfortable in completing their lessons as
directed by their teachers. They were not accustomed to having to think about developing a
unique project, especially one that required them to become engaged in the outside
environment, which was foreign to many of them. They listened to the science teacher, took
walks to the pollinator garden, and then chose a project that could enhance the garden. They
initially wanted the researcher/teacher to guide them, but soon learned that they were
responsible for choosing their projects and found this challenge empowering.
Artists have long used the environment for inspiration in their artistic endeavors (e.g.,
Gaugin’s tropical island paradises, VanGogh’s South of France, Bierstadt’s seacoast and
mountains, Georgia O’Keefe’s flowers or skulls set in the desert, etc.). Although these talented
students had artistic plans, they had never used the outdoors as inspiration in their art. The
students, through their participation in this program, were motivated to use their exposure to
the environment in the form of the pollinator garden to create art using new media and
materials that required manipulation and resulted in the creation of dimensional work.
The educational experience is different for urban students than for suburban and rural
students. Suburban and rural students, because of the perceived safety of their environment,
often engage the environment in their daily lives and their learning. They interact with it more
often and inclusively, which often differ from urban students. Regardless of where learning
takes place, education has a responsibility to help connect students with the world they
inhabit; to understand the relationship between themselves, others, and their community;
and to broaden their worldview. Though this art project was specific to the high school in the
study, the lessons learned are applicable to all of education. The inclusion of the environment,
whether urban, suburban, or rural, is necessary to integrate students’ worldviews into a larger
global worldview.
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Abstract: Reviewing the successive cognitive, operative and constructive models
of architectural morphogenesis through time, the paper first recalls students and
teachers in architecture how designers started experimenting digital design to
reach self-generative, morphogenetic morphologies. Generally referred to as
“non-standard architecture”, this innovative morphogenesis favours a new kind
of spatial and architectural audacity but also generates three types of rupture: i)
a rupture between form and structure; ii) a rupture in terms of process continuity
and iii) a rupture in terms of multi-disciplinary collaboration. We consequently
have to acknowledge the fact that, at a current state, non-standard architecture
still struggles in terms of self-coherency and implementation, leaving a large
amount of projects at their virtual, embryonic state especially in pedagogical
contexts. We believe the challenge resides in overcoming the overly simplistic
and reductionist appeal of purely formal and visual non-standard architecture:
these morphologies should, on the contrary, be intrinsically defined by their form
and structure relationship. We suggest such reconciliation should occur during
the early stages of architectural education. Two experimental instruments, that
perhaps constitute interesting renewed pedagogical models, are reported in this
paper and we conclude by listing the remaining challenges when it comes to the
teaching of architectural morphogenesis.
Keywords: architectural morphogenesis, non-standard architecture, teaching
processes.
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Challenges in Teaching Architectural Morphogenesis

Architectural Morphogenesis through Time: A Review
of Design Models
Historically, nature and natural phenomenon have inspired builders, more or less
consciously, in their way to construct and inhabit spaces. Until, and including, the wellknown architectural style “Art Nouveau”, this inspiration essentially confined to mimic
aesthetic proportions and lines as a way to renew decorative trends. Architectonic
intentions would nevertheless progressively emerge, through the work of architects as
Antonio Gaudi for instance. Researching what Leonardo da Vinci had completed three
hundred years earlier, Gaudi started observing his natural environment and moved toward
some form of “total art”, unifying shape, space and function in a global, coherent
architectural proposition where different parts were more than the simple addition of
autonomous elements.
Beside the attempts of Gaudi or Wright, who will later be called the “pioneers of
Organic Architecture”, we have to mention the work of Louis Henri Sullivan and Rudolf
Steiner. Expanding their research beyond stylistic coherency, those two renowned
architects looked at nature as a way to inspire new creative processes (Theissen, 2011).
Demonstrating the intrinsic relationship between form and function, Sullivan is the first
one to conceptualize a generative process capable of creating “natural shapes” in
architectural design. From there, the quest of Organic Architecture won’t limit anymore to
stylistic research but will thrive towards holistic design strategies, getting inspiration from
both natural shapes and natural processes.
Reviewing successive models of knowledge, be they cognitive, operative or
constructive, the following section aims at offering both students and teachers in
architecture a more holistic overview of architects’ attempts, through time, to understand,
develop and master architectural morphogenesis, seen as “the process through which an
object or being [here the architectural artefact] comes into existence and develops its
form” (Farzaneh, 2012, p. 585). An overview that could, in turn, later inform radically
innovative and renewed teaching models.

Biological Inspiration and Biomimicry
In the 70s and 80s, so-called “bio-inspired” or “bionic” models spread out as a new
source of inspiration for architectural design, taking roots in structural concepts and
theories developed during the 50s. At that time, architects like the German architect Frei
Otto or the Mexican Félix Candela had started experimenting pioneering tensile structures
or thin shells made of reinforced concrete, and built emblematic structures such as the
Munich Olympic Stadium. Architects and structural engineers started to extract building
and structure concepts from natural and biological principles and applied them to
architectural productions.
These attempts initiated biomimicry, defined by Janine Benyus as “the art of drawing
inspiration from natural shapes, processes and ecosystems, in order to innovate in a
sustainable way” (Benyus, 2011). Becoming, since then, an important source of inspiration
for designers, biomimicry intrinsically seeks to maintain – or restore – the balance of
nature that tends to disappear as soon as human beings step in. Sometimes qualified as
“behavioural”, biomimicry transcends natural shapes while always trying to understand
underlying principles of those shapes and systems (Pawlyn, 2011).
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First Generative Processes in Architectural Morphology
D’Arcy Thompson, intellectual born in 1860, is said to be the founding father of most of
the research done on structural morphology. This field is defined as the study of form in
relation to the pathways of forces transiting in the structural elements materializing the
shape (Bagnéris, 2009). Thompson built his ground theory exclusively by observing
forms/forces relationships and established that shapes are simply the consequence of
physics deformations. Some architects still currently apply this approach and try to design
“rational shapes” uniquely defined by natural laws and forces, such as surface tension or
gravity force. The elements, as a consequence, dilate and distort on basis of a pre-defined
model and become, per se, simple mathematical resultants that can be studied and
visualized using geometrical analysis tools. Jean-Marie Delarue, in Frei Otto’s “IL 27” (freely
translated, 1981), comments:
We already knew, at least in light of D’Arcy Thompson famous book “On Growth and
Form”, that the deep understanding of shapes required the deep understanding of
generative processes.
D’Arcy Thompson, throughout his research, foresaw how his theories could apply to
infrastructures and engineering structures such as buildings or bridges. Studying efficiency
of specific morphologies, he demonstrated for instance the structural analogy between
vultures’ metacarpus bones and Warren’s beam profiles, or similarities between tensile
strengths inside humans’ femoral heads and cranes. He always studied structural designs’
fundamental principles, performances or material optimization in light of similitudes with
physics, natural or biological phenomenon. In this regard he commented (Songel, 2010):
The search for differences or fundamental contrasts between the phenomena of
organic and inorganic, of animate and inanimate things, has occupied many men’s
minds, while the search for community of principles or essential similitudes has been
pursued by few.
A few years later, Robert Le Ricolais expanded those principles beyond structural
implementation and rather considered them as intrinsic architecture raison d’être, relating
some powerful poetic meaning on top of rational considerations. Not an architect, nor an
engineer or mathematician, this experimenter explored light, modular and industrialized
structures mainly on basis of intuitive, experimental, essay-and-error manipulations. He
was interested in the development process rather than in the final solution, supplanting
traditional “fullness and emptiness” architectural concepts by more innovative notions of
“continuity and rupture” (Schimmerling, 1994). Researching space partition laws and
forms/forces relationship, he is said to be the first one to officially theorize morphology as
a science of architectural design.
The study of natural forms / forces relationships and the renewed models of knowledge
and design process they offer (on both a cognitive and operative level) have later been
considered as inspirational by many architects. Gaudi declared, about referring to the
shape of bones to design his Casa Batllo, that “originally it was just like a return to the
origins” (Mimram, 1983). Frei Otto would later discuss biomimicry and argue that the most
adequate attitude would be to refer to animated living things rather than simply mimic
their shapes. This, from his point of view, enables architects to require buildings to be
lighter, more energy efficient, more natural, adaptable and mobile. He pursued this quest
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through pioneering structures such as tents, canopies and inflatable membranes.
Remarkably, avant-gardist propositions like those were essentially developed in regard of
scientific and technological improvements. Little by little, experimentation and application
of innovative technologies supplanted studies of natural laws and phenomenon in the
development of generative processes for architectural morphogenesis: from cognitive and
operative, the renewed models of thought slowly evolved towards constructive,
experimental models.

Other Techniques, other Zeitgeist: towards Fragmented and
Heterogeneous Morphologies
Cubist, surrealist and other architectural movements all sought to renew, or even
suppress, traditional codes of architectural aestheticism and formalism, deeply resonating
with 19th and 20th centuries’ constant technological progresses, in light of other disciplines
Zeitgeist. At first, those new architectural investigations mainly remained an attempt to
create original spatiality, whereas very fewer experiments really inquired new
mathematical knowledge (as it was the case for Gaudi, when he tried to overcome
semicircular and pointed arches in his Sagrada Cathedral). Yet, this societal desire to
detach from more traditional styles and representation modes let the artists and architects
discover innovative techniques as well as unexpected materials offering new mechanical
characteristics. Elastic, viscous and soft materials would largely expand their research
towards deformation, movement, instability, rupture and randomness. Technical advances,
simultaneously, with their production and fabrication possibilities, offered designers
renewed ways to express their perception of real (and unreal) worlds.
These last 20 years, digital developments enabled new medium for expression and
representation and even enlarged the possibilities to experiment. In architectural design,
software was first used to ease calculations and transfer information. But architects such
as Gehry or Eisenman quickly understood the potentialities of digital design and tested
them in several projects, developing deconstructivist approaches that would slowly erode
traditional codes of architectural language (Silvestri, 2009). Architectural shapes became
the expression of conflicting logics, experimentations of fragmentation and
heterogeneity. Lacking dedicated tools for architecture, those designers resolved to
deviate the use of digital interfaces initially developed for automotive design or
aeronautics, for instance. Doing so, they reached innovative shapes that were, until then,
hardly describable or representable through traditional codes of Euclidian geometry
(Silvestri, Fleury and Bagnéris, 2012).

Self-generative and Morphogenetic Processes: from new
Creative Models to new Architectonic Artefacts
History reminds us that Gaudi, pioneer in several areas of architectural design, also was
one of the first to voluntarily renounce to (some of) his role of creator to rather adapt his
concepts to the reactions and behaviours of the scale models he built early and through
ideation. Those prototypes, essential to his experimental design process, were indeed
submitted to external forces that would define shapes’ boundary conditions and
participate to self-generative processes of shaping architectural artefacts. Starting from a
rather traditional typological scheme, Gaudi this way reached highly innovative solutions,
both complex and convincing in terms of spatial and architectural coherency (Tomlow,
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1989). Such experimental process insures achievement of a structurally stable shape;
though, at Gaudi’s times, it disadvantageously required the abandonment of traditional
models of Euclidian geometry. The architect thus had no available descriptive language,
method nor tool to codify representation, nor to transfer information to the construction
site. This handicap would last several decades, as Heinz Isler (in the 50s) would still use
funicular experimental models to design his concrete shells (Isler, 1959; Ramm and
Schunck, 1989).

Figure 1

Funicular model of Colonia Güell, Antonio Gaudi, 1898-1916.

Those early attempts, and the shapes they generated, were consequently not anymore
the result of a single individual and subjective will (or attempt), but rather the result of
self-generative, self-shaping processes. Those shapes reached some form of structural
clarity (some might say purity), but couldn’t be properly described by any of the available
tools or methods, given the complexity biding intrinsic forms and forces relationships.
Gaudi and his contemporaries paradoxically had already reached a first technological
bottleneck, one that would later be experienced again by the first experimenters of
digitally designed conflicted and fragmented shapes.
Facing this paradox, Greg Lynn has been one of the first to consider digital design not
only as a way to design fancy, deconstructed innovative forms, but rather as a
contemporary experimental setting able to reach a new kind of constructive model based
on self-generated and thus stable shapes, this way pursuing a new kind of morphogenetic
design process. In his quest to restore intrinsic unity in a world where digitally designed
architecture rather looked like an addition of exploded elements, he developed several
concepts such as “fold” or “blob29” (Lynn, 1993).

29

Blob – or Binary Large Object – is a term borrowed to the software engineering world rather for its
popular definition, referring to a shapeless, awkward object, notably used in 1958 Irvin S. Yeaworth’s
movie.
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Lynn used the term “fold” to theoretically formalize and describe architecture as a
dynamic organization system rather than a formal design process or functional
organization. Likewise the term “blob” is used to describe soft architectures and shapes
whose main characteristic is to present points that can be freely displaced in any other
spatial spot (Figure 2). The software used enables intuitive transformation of any point
belonging to this blob shape, and computes new positions of any neighbour point,
adapting to the laws and forces ruling the active surroundings. Those virtual blobs, digitally
created, emerge and behave given the contextual constrains defined by the designer and
challenge the verticality embedded in architectural traditions. The architect’s control over
the shape isn’t still totally complete, though, as connected points also self-reorganize in
regard of the active context, given various constraints they have to apply to.

Figure 2

Blob Architecture: the form is generated by the dynamic organization of the contextual
force. Greg Lynn and Henie Onstad, Oslo, 1995, in Silvestri, 2009.

Figure 3

Multihalle, Frei Otto, Mannheim, Germany, 1975.
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Although blobs generate a new kind of language consistency from early phases of
ideation until conceptualization of technical details, they still face large implementation
issues in regard of their transcription into the real, constructed world, such as exceeding
time and cost previsions, or singularity of structural components. “Gridshells” constituted a
first available solution to overcome those issues: very few of them have been built, but one
of the first was designed by Frei Otto in Mannheim (Wendland, 2000). This structure takes
the shape and rigidity of a double-curve shell, and is the result of a planar grid submitted to
deformations (Figure 3). Otto would build such a grid using simple bars connected in two
directions, whereas Ban and de Gastines (in the late Pompidou centre) would rather use
larger, articulated beams able to bear larger deformations.
As a matter of a fact, and independently of the architectural era, the more the building
would be complex, the more the technical realization would require multiplication of
assembly points, and thus the more the structure would cost. Moreover, those
construction techniques, although they enabled the building to fit the designed curve, still
did not insure the material coherence and continuity intended by the architect. Last but
not least, given the growing complexity of the required modelling tools, architects would
slowly loose control of parts of the design and formal process. Greg Lynn, acknowledging
this new paradox, admitted that “sometimes the computer takes control: its formal
language guides you in your process” (Lynn, 2004).

The Emerging Paradox of Non-standard Architecture:
the Rupture between Form and Structure
Reviewing the successive cognitive, operative, constructive models of architectural
morphogenesis through time, we distinguish here three main phases that would deeply
shape their development.
First, descriptive and representational tools developed during Renaissance enabled
architects to experiment geometrically constrained (or analytical) shapes, defined by a set
of rules from Euclidian geometry.
Later some experimenters, as presented above, reached new kind of “mechanically
constrained” shapes, generated this time by experimental essay-and-error trials mainly
conducted on reduced scale-models. Those shapes, defined by intrinsic forms and forces
relationships, would translate static equilibriums. Although following a set of rather
constraining natural laws and forces, they would considerably enlarge architects’ space
exploration. At first quite challenging to describe geometrically, emerging digital
computing would considerably ease their transmission to the real world.
These last decades eventually saw new families of shapes and design processes
emerge, far away from more traditional static or orthogonal solutions. Architects indeed
started to experiment digital design, first as a way to generate fragmented, conflicting
shapes, later as a way to renew the design process itself, reaching self-generative,
morphogenetic morphologies. Blob, flexible shapes, free-form, liquid, digital shapes are as
many ways to describe these new families of shapes, stimulated by the recent progress of
software engineering and modelling. This innovative morphological category, generally
referred to as non-standard architecture, consequently describes projects that do not fit
into generally admitted design processes and rules (Picon, 2010). Digital tools, with their
over-simplified interfaces, enable architects to elaborate shapes that are not describable
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through traditional Euclidian geometry anymore, but rather proceed from complex
mathematical models (Bezier curves, splines, nurbs, …) that favour a new kind of spatial
and architectural design audacity.
Although they indeed constitute new ways to leverage architectural innovations, these
processes and digital design products nevertheless involve other levels of complexity,
specifically in terms of communicating and transferring the conceptual project to the real,
constructed world (Bagnéris, 2009). Hardly communicable to engineers and contractors,
these new morphologies indeed generate several complications in terms of
implementation and building processes. This level of complexity causes ruptures in terms
of collaborative processes, misunderstandings and synergy problems between disciplines
that hardly share the same models of knowledge anymore. The Pompidou Centre in Metz
is one example of such complexities, but we might as well mention here the Frank Gehry
Guggenheim Museum, the Yokohama Terminal from FOA architects or, among others,
Massimiliano Fuksas’ trade fair in Milan (Bagnéris, 2009). The issues met on those building
sites are multiple: highly complex and costly study of the structure; difficulty to find
contractors willing to produce often unique components of such frames; technical
impossibility to respect the initial fluid formal intent, reaching a paradoxically fragmented
end-product and creating a rupture in terms of intent and process continuity. Most of
these prototypes, although highly promising in terms of morphogenesis evolution, rather
end up jeopardizing their own credibility because of building processes suffering of literally
exploding costs and prescribed timings, without even mentioning the later maintenance
issues and premature aging those structures generally face. We have consequently to
acknowledge the fact that, at a current state, non-standard architecture still struggles in
terms of self-coherency and implementation and is facing a challenging rupture between
form and structure, leaving a large amount of projects at their virtual, embryonic state.
We believe the challenge resides in overcoming the overly simplistic and reductionist
appeal of purely formal and visual non-standard architecture. Non-standard architecture
should, on the contrary, be intrinsically defined by its implementation process and should
reconcile what essentially defines it, which is the form and structure relationship. Some
prototypes are being developed (see Bagnéris’ work below, or Mutsuro Sasaki’s work on
structure flow concept) and are for instance particularly interested in the implementation
of algorithms able to render more interactive exchange with architects . They gradually
make their complex geometries evolve, either towards some kind of forms hybridization,
or towards the definition of generating rules for complex geometry definition (Bagnéris,
2009).
We suggest that such reconciliation should occur during the early stages of
architectural education: let’s help students better understand the richness and diversity of
non-standard morphologies, while teaching them renewed ways to process them. Let’s
consider again architectural, engineering and technical processes side by side and let’s
guide students towards a coherent continuum of concepts and information, early on from
the first steps of ideation until the later phases of implementation. Next section will shortly
review various pedagogical approaches that have been recently implemented in
architecture curricula, and more specifically focus on two research settings that could, we
believe, provide interesting new paths for teaching architectural morphogenesis.
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Experimental Instruments to teach Architectural
Morphogenesis
Non-standard architecture, and more globally speaking architectural morphogenesis, is
consequently facing today a double challenge: either formal aspects are not related
anymore to the other sides of the project, which leaves room for incoherency, or the
current engineering tools have reached another bottleneck in creating (and supporting
implementation) of new families of shapes.
Facing these challenges, some pedagogical settings have been recently implemented to
test new ways to educate young architects to the underlying challenges of designing nonstandard architectural morphologies. A first stand is to approach the question of
architectural morphogenesis through the lens of geometry education. Pottman and his
colleagues, for instance, are developing the concept of “architectural geometry”, i.e. a new
branch of mathematics specifically designed for architecture and supporting the
development of architectural free-form structures (Pottman, Schiftner and Wallner, 2008).
Building on those mathematical models, the authors develop several algorithms to digitally
enhance the design of ruled surface panels. Those panels, authors conclude, constitute an
efficient way-through covering complex geometrical shapes, but “structural aspects have
to be incorporated as well” (p. 27). One could also mention attempts in teaching
architectural morphogenesis using performance-driven models, or through programming
and scripting classes seen as a way for young architects to surpass and master current
codes’ limitations, even extending the capabilities of those codes through scripting selfmade plug-ins (Grobman, Yezioro and Capeluto, 2009).
Another approach, as developed for instance by Reissig and Castro-Arenas, suggests
formal and visual-based learning as a way to explore issues related to complex form and
structure relationships. These authors designed a didactic “design puzzle” including pieces
of various sizes and morphologies that help students reach systematic juxtaposition (or
dissection) schemes of form generation. This puzzle equips the exploration of complex
morphological themes through visual and manual manipulation of minimal parts and
enable more efficient appraisal of 2D and 3D variables and parameters (Reissig and CastroArenas, 2013).
Two other attempts more specifically draw our attention in the context of this paper,
and will be further discussed in the following sections: pForms and material-based design.
They indeed rely on the two main pillars of architectural education and knowledge,
respectively iconic (visual, diagrammatic) and enactive (concrete, experiential) modes of
thought (Kolb, 1981, in Hanson, 2001), representative of the well-known analogy of
architectural design seen as a process of “reflection in action” (Schön, 1989). Those two
experimental instruments, we believe, might indeed very well become new pedagogical
models for teaching architectural morphogenesis, and therefore ease reconciliation
between form and structure inside contemporary morphologies.

pForms as new Pedagogical Process assisting Representation
and Design of Non-standard Architectural Morphologies
Marine Bagnéris’ thesis, titled “Contribution to design and implementation of nonstandard morphologies: the pascalian forms” (freely translated, 2009), suggests further
developments of Marty’s pascalian forms (or pForms, 2004), developing them as a whole
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new process to assist designers in generating and describing non-standard shapes.
Bagnéris argues this process is able to limit the rupture between form and structure,
between the design phases and between the various stakeholders involved in a nonstandard architectural project.
The pForm process (Figure 4) progressively help students to build, in a synthetic, and
coherent way, both the shapes belonging to Euclidian geometry (segment, face, cube,
cylinder, torus, …) and the more recent ones generated through modelling software (Bezier
curves, splines, nurbs, coons, …). It tackles two possible design scenarios: either the
morphology is first defined, and there is need for a structure that could coherently fit this
shape; or the morphology is still evolving and remains an open form-finding process.
pForms this way assist less advanced designers in their understanding of the design tools
beyond simple visual formalism, which eases the continuity between early concepts and
implementation into coherent digital models. pForms are also developed around simple
vocabulary, easily accessible to various stakeholders, which helps understanding the
project morphology as well as communicating around the various problems encountered
when implementing it on site.

Figure 4 Example of shape generated through one pForm process

On basis of this pForm process, Bagnéris designed pedagogical experimentations with
students (from ENSA Montpellier, France) in order to evaluate how they would react both
to pForms themselves, and to a new kind of design process that doesn’t focus exclusively
anymore on visual and formal developments. Experiments were conducted with three
distinct, market-ready software (SketchUp, Autocad and Blender) and through two distinct
protocols.
The first protocol would simply require the students to “play around” with the
software. They would freely generate non-standard shapes, without really understanding
their mathematical complexity nor being concerned with any technical requirements. A
second step would then to ask the students to re-sketch the shapes they just digitally
designed, i.e. trying to fit their original curves while being asked to specifically analyze their
geometrical and technological aspects through the lens of the pForm thinking process.
Matching hand drawn shapes with the pForms process helped them understand the
intrinsic software framework, and consequently to further control its impactful
parameters.
The second protocol would require the students to use the software following a stepby-step methodology. For instance with Blender, students would be asked to first use the
free-form deformation tool in order to create half a cylinder. Doing so, students would
realize how difficult it is to control the overall deformation, especially when one doesn’t
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understand the tools’ functionalities, and more importantly their repercussions on shapes.
Second step would be to use the pForms process, first by defining control points on
horizontal sections. Several models would enable students to study the numerous profiles
obtained by each horizontal section, and to better understand how the section would
evolve depending on the height. Likewise, vertical sections would refine their
understanding of the intrinsic characteristics of the plane used to match the shape. As a
consequence, and thanks to several exercises, students would eventually understand how
many control points and sections are required to sufficiently grasp the complexity of a nonstandard shape. The third and last step would be to translate the result into Ruby code
until obtaining a coherent shape in Sketchup (Bagnéris, 2009).
According to Bagnéris, pForms processes are particularly efficient for several stages of
the teaching process:
 Simplification: shapes are structured on basis of elementary curves, easily identifiable
and modified through successive and simple operations;
 Continuity: pForms constitute a form-finding and generative process built on
elementary rules that insure coherency from early-stage design to implementation;
 Users acceptance: the pForm process insists on understanding the fundamental
framework of the used software, which eases explanations and engagement;
 Compatibility: this process can basically by adapted to any kind of modelling
software, which also eases users adoption since anybody can use her favourite
modelling tool.
Pedagogically speaking, the pForm process assists students in mastering non-standard
form-finding processes mainly through helping them better understand the underlying
geometrical complexity of their work. Being in control of their digitally designed project,
students are more apt to tackle complex simulations and optimization processes, and
therefore more apt to better understand how forms and structures articulate, which is
remarkably demonstrated through the coherent scale-models they would later build of
their projects. Becoming more intelligible, complex shapes rely on a more conscious, stepby-step methodology that insures more coherence (technically and structurally speaking)
to more audacious projects.
Bagnéris nevertheless underlines that the results reached through the pform process
are currently limited to geometrical studies of architectural structures. Mechanical,
material and technical studies should be further conducted to enhance and complete this
pedagogical model.

Material-based Design as a new Inspirational Process in Formfinding, Morphological architecture
Another way to overcome the rupture between form and structure is to be found in
material-based design methodologies. Starting from intrinsic material (mechanical,
physical) properties, several researchers indeed recently developed innovative
morphological solutions (see for instance Tibbits, 2012 or Tibbits and Cheung, 2012).
German architect Achim Menges, for instance, exploits genetic algorithms developed in
the last decade to reproduce active phenomenon that shape natural materials, using them
during generative form-finding processes. More specifically, Menges used these algorithms
to reproduce pinecones natural hygroscopic behaviours: pinecones open and retract
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depending on the air moisture level. This phenomenon, due to woods’ anisotropic
characteristics, can be applied to architectural elements and therefore became
inspirational for the architect through his 2012 “HydroSkin” project, a meteorosensitive
pavilion that reacts to climatic changes. “The material exercises an influence on the
geometry, and vice versa: the geometry defines the state and the behaviour of the
material in such and such space-time area” (Brayer and Migayrou, 2013). Here the material
behaviour and its structure generate the pavilion shape: the material intrinsic
characteristics are at the basis of a new morphology, corresponding to what is referred to
as material-based design.
Joris Laarman’s furniture design “Bone Furniture” (Figure 5) also integrates this sphere
of influence (Brayer and Migayrou, 2013). Going beyond some mimetic approach, this
designer observes and models how bones and vegetables grow, and then expands the
genetic algorithms into optimization algorithms that will be applied on architectural shapes
and structures. Line codes subtract or add matter where it is really needed, similarly to
mechanical engineering optimization processes, but this time getting inspiration from
natural and biological structures’ growth.

Figure 5

Optimization process of a chair from the Bone Furniture collection, Joris Laarman, 2006

Other architects innovate on basis of biological resources themselves. Recently, Neri
Oxman got inspiration from larva generative processes to design her Silk Pavilion (Oxman,
Laucks, Kayser, Duro-Royo and Gonzales-Uribe, 2014). On a tri-dimensional structure she
placed some silk threads, on which some 6500 silkworms slowly acted as “biological
printers”, generating a second-level structure reinforcing some parts of the initial structure
(Figure 6). Following Oxman, architects this way commit to a new kind of design
intelligence, a more qualitative than quantitative approach of materiality: a “Nature 2.0”
approach (Brayer and Migayrou, 2013).
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Figure 6 Silk Pavilion, Neri Oxman, 2013.

Influenced by Gaudi or Otto’s first empirical tests, material-based designers favour
physical experimentation starting from physical or mechanical properties of natural
materials, and transfer this knowledge to shapes that become intrinsically more adapted to
materials’ physical properties, and therefore to their implementation.
Aside from more visual-based and hands-on learning methods such as Reissig and
Castro-Arenas’ (see above), literature does not yet report much attempt to adapt such
material-based methodologies to educational contexts and constraints. The timeconsuming, iterative aspects of experimental settings might perhaps explain this current
restraint. We nevertheless believe that a first, simple manipulation of next-generation
material libraries and a deep assessment of those materials’ respective properties might
already push architectural morphogenesis further towards innovative propositions.

Remaining Challenges in Teaching Architectural
Morphogenesis
This paper considered, at first, how morphology evolved through time. Defined by
Goethe as “the study of forms and structures under every possible aspects (physical,
abstract, perceptive or symbolic, functional or spatial, spatial or temporal)” (Schimmerling,
1993), this interdisciplinary science has been heavily explored, especially by architects of
the beginning of the 20th century who were in desperate need to find alternative and
renewed ways to define architectural space.
Through their constant attempt to innovate, some architects more recently tested new
potentialities of digital tools (sometimes initially developed for other disciplines) and
implemented first experiments of non-standard architecture. This non-standard
architecture, even though offering architects new ways to leverage spatial and
morphological audacity, generates three types of rupture discussed in the second part of
the paper: i) a rupture between form and structure; ii) a rupture in terms of process
continuity (from early design phases to implementation) and iii) a rupture for multidisciplinary collaboration, multiple stakeholders of such complex design projects hardly
sharing similar knowledge and skills anymore. In a third part, the paper explores recent
attempts in teaching architectural morphogenesis, and more specifically reports on two
experimental instruments (pForms and material-based design) that might help overcome
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those ruptures, especially if integrated soon enough in early stages of architectural
education.
As a conclusion, we want to stress the need for new pedagogical models to teach
architectural morphogenesis that will help new-generation architects overcome the
current paradoxes of architectural morphology. We suggest that models focused on
structural morphology, defined as “the study of shape in regard of how forces transit
inside the structural elements defining this shape” (Bagnéris, 2009), might be an
interesting research path, along with other crucial dimensions of the design project such as
function for instance. This approach, whose main goal is to support the design decisionmaking process, relies on several disciplines and is entitled to study architectural
morphologies and morphogenesis through several complementary viewpoints: forces,
materials, environmental considerations such as energy consumption or life-cycle,
implementation and fabrication processes, function, cost, and perception. Coherent
communication and sharing of data between stakeholders about these intertwined and
complex considerations is therefore key to the process. This theoretical (and collaborative)
model moreover must be supported by augmented morphological tools that should be
genuinely adapted and designed in regard of architects’ needs, perhaps consequently
moving away from currently deviated, i.e. maladapted, software solutions.
Those morphological tools will have to integrate additional considerations such as
material mechanical properties (e.g. rigidity or resistance), easily introduced and
manipulated through the design project. Such digital tool would additionally equip
structural optimization, nowadays out of reach from traditional Euclidian geometry or
simple physical experimentation. Aesthetic, formal and structural aspects of the project
would this way reach some reconciliation and the architect, while recovering a better
control of the whole design process, might moreover reach some kind of morphological
and creative symbiosis.
In this regard, we should at last underline that being an architect won’t probably limit
anymore to designing shapes, void and materiality in regard of some specific use, but
rather expand towards designing architectural logics, form-finding and -shaping
generative processes. As Bagnéris suggests (freely translated, 2009):
Shape becomes a process, born thanks to organic and mechanical rules, and algorithms
consequently become the description of a process, being it natural or artificial.
This doesn’t mean architects will have to give up their creative capacities per se, but
rather that they will have to learn how to put their capacities, such as conductors, to work
to the benefit of generative processes, defining audacious morphologies whose guide-lines
only they will be in control of.
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Abstract: Since the very early days of history, human beings ‘designed’ things by
looking at nature. In our days, the use of nature in design has become more
systematic and detailed. Although as old as humanity itself, use of nature
especially in the field of design still offers novelty and often brings success in
solving problems in a sustainable way. When it comes to industrial design
education specifically, it seems to be a promising method to mimic the nature in
designing new products; however different dynamics effect and sometimes
prevent students to use natural analogy in their projects. It is observed that
industrial design students are not eager to use biomimicry which is a type of
natural analogy in their design projects although they learn about it in different
courses as a creativity method.
The study therefore aimed to find out about two issues related to the matter: a)
trying to find out and understand the reasons behind this reluctance against the
use of nature, b) if they were presented a methodology, in what ways this
reluctance would be overcome and they would go beyond taking nature as not
only a formal source of inspiration.
Keywords: Biomimicry, Natural Analogy, Design Education, Sustainability.

Exploring Biomimicry in the Students’ Design Process

Introduction
Using nature in design is not born in present-day; human beings looked at nature to
refer what they had made since they had relationship to artificial things. However the
techniques that people use to mimic nature had changed due to the developments in
technology in our day. It became more systematic and detailed. There are many ways to
use nature in design; analogy is one of them. It is used frequently to bring nature and
design together. Further, there are many ways to use Natural Analogy. It takes different
names in different fields. It appears as Biomimetics, Bionics, Biomimicry, Bio-inspiration,
etc. although all of these terms express nearly the same meaning: copied, adapted or
converted from nature (Vincent, 2007). Reed, Klumb, Koobatian, & Viney (2009) defined
the difference between Biomimicry and Biomimetic clearly. They claimed that besides
having the same meaning, Biomimicry is a process; Biomimetic is the study field (Reed, et
al., 2009). Biomimicry is frequently preferred in design as a term, while Biomimetics is used
mostly in engineering. The fields where natural analogy is used are not limited with design
and engineering. Social sciences like Economy, Psychology, Culture, etc. use nature as a
guide to explain a process. That is why this research is built on Natural Analogy as a more
inclusive heading; and Biomimicry is specific to design. All of these fields share a common
dialect in their own way which leads to the concept of Sustainability.
As the use of Natural Analogy increases dramatically in various fields, it is not in
demand that much for industrial design. It is observed that the industrial product design
students were not eager to use natural analogy in their studio projects. While the
modernist understanding of education keeps students out of figural applications, use of
nature -most of the time- is practiced as a one-to-one tracing of the formal qualities of the
natural model to an imaginary project. The search for abstraction in using nature in
projects and thus trying to avoid from the label of ‘kitsch’ keep them away from this
method.

Use of Nature in Various Fields
There are number of fields which use nature as an inspiration source for research. The
fields of science, technology and even social sciences use this method for more efficient
solutions. It is used for mechanical solutions, marketing strategies, styling, environmental
policies, etc. The common aim is to reach more efficient and sustainable solutions in the
process of creating products, programs, systems, services, etc.
Donald Norman states in ‘Why Design Education Must Change’ that many design
students prefer design because they do not like science and mathematics; and he adds
design education can’t be considered without science (Norman, 2010). Although what
Norman intends to say as ‘science’ are statistics, mathematics, social sciences; biology can
be also considered with them. Even the Biology was not mentioned in Norman’s words; a
science-based education would help to develop the method of biomimicry in a systematic
way. The reason behind the failure of biomimicry in order to use in design is the lack of
science knowledge.
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Science and Technology
It would be fair to say that biologists have more to say about Biomimicry than
designers. Biological knowledge is a significant point for Biomimicry. Janine Benyus, who is
one of the founders of Biomimicry Institute, has written a book about biomimicry. She
mentioned the usage of it in various fields including agriculture and medicine. As the
biologically based fields, there are various studies to discover the natural strategies in
agriculture and medicine (Benyus, 1997). To achieve more sustainable farming or different
cure methods for disease, nature is used as a mentor. Benyus gives an example of the Land
Institute in Kansas where the farming fields were left to its natural conditions like nature
has its own cycles. The system depends on rain and solar energy; there are no chemicals,
erosion and fossil fuel. The system works by the cycle of water, mineral and waste with
genetic know-how (Benyus, 1997, pp.21-27).
In medicine, there are some studies which imitate the natural process where living
beings can prevent certain health problems. Docksai tells about the electrode named
‘nanoflowers’, which has been developed for the visually impaired people. It uses solar
energy like a leaf and transmits the image to the brain by this energy (Docksai, 2011).
Using biological knowledge in a biologically based field is not surprising; meanwhile the
way of transferring this knowledge is not as clear as in the field of engineering.

Figure 1

Eastgate Centre and termite mounds. Source: Url-1

The engineering based fields like mechanics, construction, materials and information
technologies use natural dynamics, structures, molecules and coding systems to reach
more creative and sustainable models. In material science, projects are developed to
create materials which mimic the structure and process of natural systems instead of using
natural materials directly. For example a biotechnology firm called Zeneca produced a
polymer named Biopol by inspiring from Alcaligenes eutrophus bacteria. This polymer has
similar features as polypropylene and can be molded (Rao, 2003). Besides mimicking
nature on a molecular level; -like water and dirt resistant painting inspired by the
hydrophobic lotus leaves- there are structural mimesis examples in architecture. Eastgate
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Centre in Zimbabwe has been designed like termite mounds which have a passive cooling
system. It saves energy more than the current air-conditioning systems (Cattano, Nikou, &
Klotz, 2011).
Nicholas Grimshaw & Partners designed the Waterloo Train Station and solved the air
pressure problem which occurred when the train passed, by using the structure of
pangolin which can adjust the flexibility of its scales with the change of pressure (Zari,
2007).
It is significant that when a search is driven through the literature with the keyword
“biomimicry”, the results that come from the information technology sources are
considerably high. Eren mentioned that the method of evolutionary computation had
really significant effects on efficiency and he related this situation to three common
features between evolution and information technologies: the ability of parallel thinking,
randomness, complicated design as a result of a simple process (Eren, 2009). Hughes
Aircraft tested a digital information storage system that imitated a type of bacteria which
could react to the difference of light incredibly fast and flexibly. This made the system
more efficient and leaded to more advanced studies like three-dimensioned storage
systems (Reed, 2004).

Social Sciences
In social sciences, the use of natural analogy can’t be seen as clear as in physical
sciences. However this does not mean that natural analogy is not used in social sciences.
For example the strategies of nature are used in Economy. Benyus argued that economical
sustainability could not be achieved by using natural materials but mimicking nature
holistically. She said that a forest ecosystem had cyclic system where nothing was wasted
(Benyus, 1997). Güları has a master thesis about a type of ‘killer algae’ in the sea
ecosystem which was related to ‘killer products’ in the market. Caulerpa taxifolia is a type
of ornamental aquarium algae but it was released to the sea by accident. It did not let
other types of algae to live and invaded the ecosystem. Güları built an analogy between
that algae type and the products which invade the market that do not let its competitors
survive, like the iPod (Güları, 2008).
There are important studies in psychology, especially about evolutionary psychology.
The studies about the user preferences are associated to prehistoric behaviors of human
beings, primates and monkeys. Spörrle and Stich have a research about the tendency of
people to choose the place of the bed in the bedroom. Most of them preferred to place
their beds behind the door where they could see the door and window clearly, just like the
monkeys and primates had done to be protected from attacks and see where the attack
may come from (Spörrle & Stich, 2010). A similar study has been done by Heerwagen who
is an urban designer. She mentioned about biophilic design which comes from E. O.
Wilson’s definition of ‘biophilia’: ‘the tendency to focus on life and life-like processes’
(Heerwagen, 2003). Heerwagen told that biophilia had been considered for design of some
places like shopping malls, parks and entertainment areas. The interest of people in open
grasslands, clear sky, plants, big trees, etc. is used in the design of these places to attract
the people more to go (Heerwagen, 2003).
The studies in culture are affected by nature as much as other fields although it seems
as a field far away from nature. On the contrary, nature and culture affect and feed each
other. Memetics is the most important proof of it. Dawkins who coined the term of
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‘meme’ made an analogy between genetics and memetics. Meme is a replicator like a
gene, which copies itself by words, motto, music, texts and through all channels of
communication from brain to brain. The word of ‘meme’ comes from Greek word
‘mimesis’ which means imitation. Dawkins told that some of the memes are more
successful to survive like some of the genes do and the culture is evolving by this way
(Dawkins, 1976). John Langrish took this subject a step further and he offered new terms
building upon the concept of meme: ‘Recipeme’ describes how to do things; these are the
ideas which compete with each other. ‘Selecteme’ is the most successful idea to survive;
the idea which won the competition. ‘Explaneme’ interrogates the reason of the work of
things and how things work better (Langrish, 1999). From this point of view, Langrish
makes a connection between memes and design ideas. The ideas of design competes with
each other first in the designer’s mind, then in an organization, then for purchaser and
then in the selective world of users similar to the way natural selection works (Langrish,
2004).
In the world of non-sustainable products and processes, there is a serious need for
changing this non-sustainable approach holistically. Mimicking the nature can be seen as a
method for designing by nature for sustainable solutions; but it needs to be applied to all
phases of design, from developing a concept to the issues related to disposal or recycle.
Otherwise, mimicking nature only on a formal level may result with the category of ‘kitsch’
objects that would not reflect the holistic approach suggested in the natural process itself.
To achieve a sustainable and integrated system, it would be useful to look at what nature
presents to the people. Benyus has a successful system and process in terms of
sustainability and she summarizes it under nine topics (Benyus, 1997, p.7):










Nature runs on sunlight.
Nature uses only the energy it needs.
Nature fits form to function.
Nature recycles everything.
Nature rewards cooperation.
Nature banks on diversity.
Nature demands local expertise.
Nature curbs excesses from within.
Nature taps the power of limits.

Nature in Design and Biomimicry
As the issue of sustainability has become very important, critical and vital than ever
before, design academicians and practitioners' role also increased drastically in terms of
applying the scientific knowledge in man-made structures by compromising research with
know-how. What is implied here is a holistic approach: using nature as a guide to learn the
secrets of sustainability as a process would help; but it needs to be reflected to all phases
of design. Biomimicry or use of nature in design should not be taken as only imitating
nature.
We may talk about three types and levels of using Biomimicry in design according to
the Boğa’s master thesis. These are using biomimicry on a morphological and Structural
level; on a molecular level and the use of biomimicry as a process (Boğa, 2013).
974

Exploring Biomimicry in the Students’ Design Process

Mercedes-Benz developed a concept car which inspired by the structure of boxfish that
reduced the friction and increased the efficiency in terms of energy saving and strength of
the structure (Volstad & Boks, 2008). Similarly the form of kingfisher’s beak is used for the
design of the train (in Figure 3) to reduce the vibration and noise which occur when the
train passes (van Boeijen & Daalhuizen, 2010). These are the examples of morphological
and structural use of Biomimicry in design. The advantages of natural beings’ form are
used to solve the design problems.

Figure 2

Boxfish and the concept car of Mercedes Benz. Source: Url-2

Figure 3

Kingfisher and the train. Source: Url-3

Figure 4

Evolution of the weapons. Source: Basalla (1988, p.25).
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Some of the mimicking examples are at the molecular level like the tape which imitates
the feet of gecko. The tape has billions of little plastic fibers as the gecko has little hair
under its feet which provide a strong (1cm2 of tape can weigh 1kg) adhesion (Volstad &
Boks, 2008). A concept work of underwater electric generator has the shape of tuna tail. It
moves like the tuna tail and transform the kinetic energy to electric energy (Url-4). These
are the examples of functional imitation of nature. Certainly the biomimicry examples are
not limited the ones in this paper; there are quite a number of them and the number
increases every day.
Another type of mimicking is about process. Natural process, especially Darwinian
approach and natural selection can be used as a model to explain the historical side of
design. Susan Blackmore mentioned that universal Darwinism can be applied to a lot of
fields including the evolution of science. She told that inventions can be seen as memes
which spread form community to community (Blackmore, 1999). Some of the approaches
are based on evolution and some of them are based on Darwinian Theory. Basalla in his
book Evolution of Technology gives the scheme (which was done by Pitt-Rivers) of
evolutionary development that belongs to the weapons of Australian natives (Basalla,
1988).
On the other hand, a process like Darwinian natural selection was built for computer
graphics by Karl Sims. The computer itself codes the colors in pixels by a programmed set
of commands and therefore images are created. The criterion for selection of the images is
the time people spend in front of their monitors. If people like the image, they keep
looking at the monitor and the computer uses this as an input to create a command.
Thereby the image evolves; the 10th and 40th generation of the samples can be seen in
Figure 5 (Eren, 2009).

Figure 5

The 10th and 40th generation of the images. Source: Eren (2009, p.159).

Although there are mostly positive approaches to natural analogy, there are some
negative opinions about it in design. Tonkinwise said that associating evolution and design
was not appropriate because evolution was not a designed process; it was ‘anti-design’.
Nevertheless he mentions some similarities between design and evolution such as
mutation, sexual selection, co-evolution. These similarities to the so-called weaker designs
or the ones which were selected only because of their appearance and the products that
was indigent to the others to be the survivor. He said that design process does not fit to
neither evolutionary nor artificial selective process (Tonkinwise, 2005). Langrish’s
explanation can throw some light on this. He argues that Spencerian approach of linear
ordered evolution is not suitable to apply to the design, instead, Darwinian approach of
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selection would fit better. What he told about is the evolution of ideas which is related to
Memetics (Langrish, 2004). This is not a direct match; this is the discovery of the
convergence between the Darwinian or Neo-Darwinian process and design process.
Tonkinwise also told that the important point of the evolution, “inheritance” was contrary
to the objectives of design. It was not suitable to copy or reproduce someone else’s design
but the mechanism of evolution is based on replication (Tonkinwise, 2005). From another
view it can be thought that nature has a significant diversity which is provided by the
replication of the genetic code. The inheritance creates the diversity itself by copying a
code which can also be a successful design principle.

The Approach of Industrial Design Students to
Biomimicry
The courses about biology are mostly not included in the curricula in industrial design
education ‘by its nature’. The knowledge of biology that students have is limited to their
high school education. It is certain that biological knowledge is critical to use biomimicry
holistically instead of superficially.
There are some studies where biomimicry is used in design education. Santulli and
Langella (2011) said that in order to use biomimetic design in education there was need to
put some courses in the curricula which supported biological knowledge. Although the
methods like Ashby diagrams, TRIZ, etc. were used with natural analogy to make it more
systematic, the students needed biological background. The study which had been done
with engineering students showed that the materials, items and solutions which the
students used were not efficient in the perspective of engineering and sustainability.
Santulli and Langella thought that this method needed to be improved (Santulli & Langella,
2011). Cattano, Nikou and Klotz (2011) used biomimetic method in civil engineering
education by using a database about the natural beings and biomimicry examples
(Cattano, et al., 2011).
Although the number of events, workshops, education programs, summits, projects
and sources about biomimicry increases; and despite the fact that students learn the
technique of mimicking nature in different courses –especially creativity techniques
courses-, they are not eager to use it in their studio projects. This study aims to reveal the
reasons behind the reluctance of industrial design students to use Natural Analogy in
design projects and explore the reflections of Natural Analogy in their minds.

Aim of the Study
It is observed that even the students had learned about Biomimicry in different
courses, they were not willing to use it in their studio projects while they had used the
other creativity techniques like SWOT Analysis, metaphorical design, synectics, etc.
Nevertheless, if they had used it in a project, it did not go beyond a form based study. They
could not use biological solutions to solve their technical or systematic problems. Due to
the structure of education system, the Biology knowledge that the design students have is
not enough to use as a problem solution. Hence, it was thought that there is a need to
inform the students about Biomimicry and how they can use biological data as a source of
inspiration and solution.
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Workshops
Before the main workshop, a pilot study was done in the course entitled Design
Theories and Method in Istanbul Technical University, Department of Industrial Product
Design. The subject “Synectics” was presented by the students through five types of
Analogy: Direct Analogy, Personal Analogy, Paradoxal Analogy, Fantastic Analogy and
Natural Analogy. After a presentation was made related to these types of analogies -what
they are, how they are used-; two problems were given and the students were expected to
set up a group of five people and select one of the problems. They would look for solutions
for the selected problem by two of the analogy types. One of the analogy types must be
Natural Analogy; the other one depends on their choice.
One of the problems was about sound and the other was about light: how to get a
better acoustics within the studio; and how to get a better lighting within the studio. The
results of natural analogy studies that were proposed by students were directly related to
the images they had in their minds; as offering solutions like the ear of the elephant, a
sunflower and leaves of trees. This showed that the inspiration was limited by the Biology
knowledge and they can only refer to what they have in their minds. There is a need of a
larger database to consult for problem solutions.
In view of the fact that the students do not have adequate knowledge about Biology
and biomimicry, two workshops in two universities were organized taking this ignorance as
a starting point; telling what biomimicry is and what it is not. The workshop attendees
were informed about the website www.asknature.org that could be used as a biological
database to consult for academic information to be used as inspiration to generate design
ideas which is copyrighted by Biomimicry 3.8 Institute. This database could be used to
search by the words belonged to nature terminology or engineering/design terminology
like functions, materials, parts, etc.

Figure 6

Homepage of the website www.asknature.org

The first workshop was held in a private university's Department of Industrial Product
Design. The number of the students who had completed it was eight. After the workshop,
the students were expected to fill in a questionnaire which had questions about the
subject of their studio projects, the problems they need to solve and which keywords they
intended to use to lead them efficient search results. Then they searched those keywords
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on www.asknature.org. The biological results that came from the website were also
searched on the search engines such as Google and Youtube.
In the final presentation of studio projects there were no students who had used
Biomimicry in technical solutions for the problems. The results of questionnaire showed
that the students thought the workshop had worked out in order to understand the
capabilities of nature in problem solving but they could not achieve to use it in their
projects practically. Some of them indicated that the problems of project were too
mechanical and complicated to be solved by nature.

Figure 7

Examples of graduation projects which only imitates form or colors

Figure 8

The graduation project which inspires from calamari because of its aerodynamic
structure.

1. Problem
Definition

Figure 9

2. Keywords
Definition

3. Results of the
website

4.Interpretation
and use of the
results in
design

The step by step method which is advised to the students.

Meanwhile, simultaneously and totally unaware of this workshop, another group of
students who did not learn about biomimicry before; decided to inspire from nature for
their graduation projects, by themselves. The subject of the graduation project was a
‘sheltering unit’ for disasters or camping. Although we argue that students are reluctant to
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use natural analogy in their projects by their own initiatives, they claim that as this was a
project that would be located in nature, they tended to start from nature. Although they
did not know about biomimicry while they started the project, they considered that nature
inspiration is a good start for camping unit; because the product would be used in nature.
Then these students were invited to participate in the workshop and they were introduced
with the www.asknature.org website, biomimicry and they were informed about the
matter. Before the workshop; they answered a few questions about their choice to use
‘bio-inspiration’ (as in their words). First, 3 out of 5 graduation project students started
with biomimicry; in the end, 4 of them completed their project with it. However, in the
end, the use of natural analogy was only about mimicking the form of the life beings or
colors; there were no systematic bio-inspiration at the problem solutions. Only one
student, who had not started with biomimicry, used a biological form because of its
aerodynamic advantage.
It was found out that both of the two groups of students could not use the website
efficiently because their English was not sufficient to understand biological terminology.
And also their biological background was inadequate to understand the technique quickly
and direct it to solve a design problem, because they were not in the Science Class in the
High School. That is why another workshop was organized with a group of students who
were better in English and Science in order to use the database.
The second workshop was held in Istanbul Technical University with the 2nd class
students of Industrial Product Design Department. 25 students participated in the
workshop which is constituted by three phases:
1. In the first phase, the students studied on the design of a camera and a dish rack by
using natural analogy, without any prior information given to them.
2. In the second phase, a presentation about biomimicry took place.
3. In the third phase, the students were expected to identify problems, define the
keywords to search and search the Asknature database. It was thought that a specific
method would help the students to search through the website. This step by step method
is adapted from the concept generation method (Five-Step Method) by Ulrich & Eppinger.
The original method’s steps are in order: 1. Clarify the problem. 2-3. Search externallySearch internally. 4. Explore systematically. 5. Reflect on the solutions and the process.
(Ulrich&Eppinger, 1995, p.100).
The students were asked first to define the problem and then they defined the
keywords to be searched in the website. After that, they were supplied with a series of
results retrieved from the database. Lastly they were asked to interpret and use the
relevant results in their design projects. This method has enabled us to see the search and
the results more clearly in a systematical way. It showed that in which steps natural
analogy took place and how efficient it was. The method was also useful for the students
in order to establish relationship between nature and the design process step by step.
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Figure 10

An example of a step by step form

Evaluation
The second workshop was more detailed and efficient than the previous one. The
factors below affected the results of it:
 Beside the database, a systematic research method was recommended to the
students. It has an important effect on the results of the second workshop, although
the success was limited by the students’ ability to use it.
 The students who participated in the second workshop were accepted to the
university by their scientific knowledge degree. Their biological background was
expected to be better than the ones who participated in the first workshop.
Recommendation of a systematic way for research helped the students to use the
database more efficiently. At the end of the workshop, their approach changed from
morphological imitation to using materials, textures and operations which can be seen in
nature.
It was seen that when the students were asked to design by natural analogy; their first
move was to imitate the natural entity that is taken as a model. They imitated the form of
the entity in terms of its structure, function or only aesthetic properties. They did not
analyze the problems or potential solutions although they have been doing these kinds of
analysis as a procedure in their studio projects. Interrogation to the problems and
keywords helped them to analyze deeply. Supportively, some of the exercises in the
workshop indicated that if the students did not define the problems and keywords
strongly; they could not reach any effective results. An example of a strong research
structure with a step by step method scheme can be seen in Figure 11.
Some of the students search the word ‘honeycomb’ for different products, the words
about ‘water’ for the dish rack. It supports the thought that the efforts to use natural
analogy by the students are limited to the connotations in their mind.
A group of students tried to make a relationship between an eye and the camera lens
in the first part of the workshop or offering the layered outer shell of an armadillo for a
dish rack that can be seen in Fig. 13, as expected before the briefing about the website.
Same group searched about leaves for the same function for the camera lens and for
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holding the dishes after the information and the biomimicry introduction. It is consistent
with the aims of the workshop; it affected the perception of the students. They tried to
look at nature with a completely different point of view, relying on academic research and
scientific information instead of the first images that come to their minds.

Figure 11

An example of a step by step form

1. Not enough
place
2. Drainage
3. Organization

Figure 12

1. PAX Water
Technologies
2. Bees and ants
3. DuPont Nomex
ve Kevlar

1. Water flow
2. Organization
3. Honeycomb

An example of step by step research structure.
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Figure 13

Examples of workshop studies before the briefing.

Figure 14

An example of student study before the workshop (chameleon and multiple vision).

The students did not reflect the “Asknature research” results to their design studies
visually but the questionnaires show that awareness of natural analogy and its technical
usage has increased. The students think that using nature as a source for problem solving
is harder than using as a source for form study. Below, there are some quotations from the
questionnaires:
“A complicated method but useful and enjoyable”
“The database and using natural analogy are too technical and
incomprehensible”
983

BOĞA-AKYOL & ŞEBNEM TİMUR-ÖĞÜT

In both workshops it was seen that it is hard to break the bias against biomimicry. Due
to the design education system which they get in, they force themselves to do abstraction
and stay away from imitation because of the risk of doing kitsch. The research remained as
verbal and was not reflected to design visually.
The approach of students was mostly morphological before the presentation about
biomimicry. Some of them were morphological imitation because of the structure; some of
them were because of the function. But all of them were morphological studies without
digging it up technically. After the information, their approach changed by using biomimic
materials, textures and operations.
On the other hand, introducing the natural analogy as a creativity method may cause
not to be understood seriously. It needs to be emphasized that the natural analogy is more
than a form searching method; it delves the nature to extract sustainable and responsible
design.
As a positive result; the students could build up new relationships between their design
projects and natural beings or entities which they did not intend to do before.

Conclusion
In the world where issues related to sustainability have becoming more critical,
benefiting from nature can be a successful method. However there is the need to achieve
this holistically, in every step of the process, as nature does. The method for nature
inspired design which is mentioned by Tempelman, van der Grinten, Mul and de Pauw is
based on eight elements and benefits from eight disciplines (Fig. 15). This method was
developed as a mix of “Cradle to Cradle” and “Biomimicry” principles (Tempelman, et al.,
2015). It is a significant example of the holistic biomimicry and interdisciplinary approach.
The researches and investments in various fields which are referred in the former chapters
of this paper are promising in terms of developing new ‘biomimic models’.
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Figure 15

Eight elements and eight disciplines of Tempelman, et al.’s nature inspired design
method. Source: Tempelman, et al. (2015).

To use biomimicry in design properly, the designers need sufficient biological
knowledge, a supportive method to use, go beyond what is visible and to avoid mere
formal imitation. The students do not prefer to use biomimicry as a creativity method; if
they use, it does not go further than a morphological imitation. When they are informed
about it, they found the biological terminology too complicated to understand and they
would not be eager to use it.
Although students had a Science based education; using natural analogy needs a
serious knowledge of biology. Due to the lack of proper biological infrastructure, natural
analogy could not be used in an efficient and accurate way. The designers would need a
professional help to read, analyze and practice the biological information; and a systematic
method to use it in a project. It requires a holistic view and can be achieved by giving place
to Biology and related courses in the design curricula. Biomimicry Institute encouraged the
participants of Biomimicry Student Design Challenge to make interdisciplinary teams
include at least one biologist, probably due to the same reason.
Even it was a short briefing that was offered during the course of the workshop, it did
help to make difference in the perspective of students. They noticed that natural analogy is
a different method from any other creativity methods by being a holistic process of detail
and technical solutions rather than a form searching method. However, to reach a pure
success to use this method in design education and practice; it needs to be developed, a
method special to biomimicry has to be generated. The literature review shows that
natural analogy studies considerably increase in different fields. The results of workshops
can be re-evaluated to lead new interdisciplinary models and researches.
A system which has created its own way by billions of years can be consulted as a
loadstar; a new design method can be put forward through observing the cycle and the
process of nature. New methods can be developed to integrate the natural sciences to the
design theory and practice by inspecting and analyzing the courses and curriculum, making
collaborations with experts.
Acknowledgements: We would like to thank to the instructors, assistants and
the participant students in both universities who collaborated with us in the
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Abstract: From 2007-2009, I was part of a project piloting a teacher training
program, Learning through Design, at an elementary school. This workshop
introduced teachers to the design process through hands-on activities and helped
them identify and add elements of design thinking to their current curriculum.
The idea for the workshop is based on the design disciplines and the process
designers use to solve problems. For the purposes of the program, the design
process is described as: gathering, analyzing, synthesizing and presenting.
Five years later, I wondered if the teachers had continued to use design thinking
in their lessons, and if they had applied it to more curriculum or if it had gone
away completely. I was aware of how professional development sometimes does
not “take,” and oftentimes teachers are hard-pressed to find the time and
support to keep working at it in their classrooms. The research questions I
wanted to answer addressed both the usefulness of the professional
development and how the ideas were enacted in the classrooms. Using
ethnographic research methods, including interviews and observations, I
examined how teachers had continued to use their workshop skills in the
classroom and how students engaged with the curriculum.
Keywords: design thinking, professional development, engagement, curriculum
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Introduction
In spring 2007, I began working with an Assistant Professor in the School of
Architecture at a Midwestern university, collaborating on an initiative called Parallel Play.
We piloted a teacher training program, Learning through Design, at Happy Days
Elementary School (location and faculty names have been changed). This workshop
introduced teachers to the design process through hands-on activities and helped them
identify and add elements of design thinking to their current curriculum. University
graduate students in the Parallel Play Seminar participated in this process, assisting in
three weeks of classroom activities that introduced Grade K-5 students to the design
process and demonstrated how problems of math, music and science could be explored
through the design process.
We continued these efforts through the Happy Days Elementary Design Camp held in
summer 2009. This three-day workshop engaged 27 teachers and 40 students from Happy
Days Elementary in further exploration of the design process. Students and teachers
worked together in five design workshops leading to a full-fledged design project, a
Lemonade Pavilion, which incorporated elements of graphic design, architecture and
product design.
Each workshop was led by a design professional affiliated with the University and
assisted by graduate and undergraduate students. Under our guidance, the teachers not
only learned about design through hands-on activities, but also created lesson plans that
integrated design into their core curricula.
This qualitative study, using ethnographic research methods, describes how a school
has used the information shared in a professional development session. I have the position
of being insider/outsider. As a leader of the professional design workshops, I have an
insider’s understanding of the process by which these teachers were trained. I am also a
licensed teacher. I am not, however, a teacher or member of this school community, so I
am also an outsider. For this study, I used a constructivist framework to guide my data
collection and analysis. Using ethnographic methods in the field allowed me to address my
role as insider/ outsider and continue the relationships I had begun as a workshop leader
rather than trying to be an objective observer while I studied the context and setting, and
conducted interviews. The constructivist framework utilizes my own background to
interpret the meanings the teachers created about their world (Creswell, 2009) and share
what I understood. Saldana reiterates this idea, “when you emphasize interpretation, you
want your audience to understand what you think you yourself understood (2008, p. 226).
Validity and trustworthiness (Lincoln & Guba, 2000) (Creswell, 2009) were addressed by
using qualitative methods, triangulating my data and member-checking.
For the purposes of this paper, design thinking can be described as the process
designers use to do their work and solve problems in their disciplines. Architects,
engineers, graphic, and fashion designers are all trained in the design process. The key
steps in design are: investigation, problem synthesis, problem solving, iterative
development, teamwork, marketing and presentation of ideas.
One thing design brings to the classroom is hands-on learning. Students don’t just talk
about the community where they live, they map it. Students don’t just read about
Shakespeare’s Globe Theater, or even just build a replica; using clues in the text, they
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design a model of their own Globe. Project-based learning (PBL) is one of many ways to
integrate design thinking into the classroom. PBL is an inquiry-based mode of instruction
that allows students to use their strengths, “The active learning process of PBL takes
student’ various learning styles and preferences into account. Students use a range of tools
and resources to conduct their research. “They also choose individual ways to demonstrate
their learning in their final product” (Bell, 2010, p. 41). PBL instruction, as in the example
above, “is guided by an inquiry question and allows student to apply their acquired
knowledge” (p. 41).
Design thinking also provides a method to teach problem solving skills, teamwork, and
presentation skills. Modeling curriculum after the process used by designers enhances skills
such as analysis, modeling, and communicating. Design Thinking “focuses on developing
children’s creative confidence,” (Carroll, 2010, p. 38). The research shows students begin
to understand the design process and how they play a part in creating solutions. This
understanding develops meta-cognitive skills. Students also took risks, expressed creative
confidence and collaborated with other students (Carroll, 2010).
Meredith Davis, in her book, Design as a Catalyst for Learning, (1998) states, “Most K12 curricula reflect a time when it was possible to learn a well-defined body of knowledge
that society agreed was central to adult life and work. But today, given our rapidly
changing world, learning strategies that emphasize storing facts in memory are
inadequate” (p. 57). She points out that, “Through design problems, children learn to think
laterally, generating many alternatives rather than progressing through a linear process to
the right answer” (p.57). Delane Ingalls Vanada says that, “Art and design education
teacher training programs that include a design thinking approach may answer this
challenge, combining new paradigms of teaching and learning with balanced and
integrated thinking, connection making, and empathic problem solving” (Ingalls Vanada,
2014, p.30)
While standardized testing promotes teaching facts, a design thinking curriculum
teaches problem solving, “Counterproductive to this need, at least in the United States,
education and testing systems continue to promote students’ abilities to find one right
answer rather than challenging them to find answers to difficult problems through multiple
solutions” (Ingalls Vanada, 2014, p.21).
Roger Martin, in “Business of Design,” (2005) describes a new “design economy” (p.
23). In order to compete, American companies need to innovate, and use their
imaginations to create new products. He says linear thinking business people need to think
like designers, “For any company that chooses to innovate, the foremost challenge is this,”
Martin says. “Are you willing to step back and ask, ‘What’s the problem we’re trying to
solve?’ Well, that’s what designers do: They take on a mystery, some abstract challenge,
and they try to create a solution” (p. 24).
“The Framework for 21st Century Learning and other reports describe the important
skills determined to be necessary for 21st century citizens. These skills are described as
“innovation and creativity, flexibility and adaptability, collaboration and working as a
member of a team, problem solving and critical thinking and communication” (Vande
Zande, 2011, p. 28) Vande Zande says “teaching design in K12 schools is an effective
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approach for students to learn content and develop 21st century skills through integrated
study” (p. 28).
I re-visited Happy Days Elementary School five years after the last Design Camp
experience. I was curious to see if any of the teachers continued to use design thinking in
their lessons, and if they had applied it to more curriculum or if it had gone away
completely. I wanted to see if professional development could provide this training to
teachers in the field. The site, Happy Days Elementary School, is a K-5 school with 550
students. 79.6 % of students are white, 11.7% are Asian, 5.3% are black or AfricanAmerican, 2.8% are Hispanic, and .5% are American Indian. It is significant to note that
these numbers have changed since 2009. There are 10% fewer white students 5% more
black students (including East African) and 4% more Asian students (including Indian).
What had previously been a homogeneous suburban school district has become a more
diverse community through both an increased immigrant population in the metropolitan
area and school choice, introducing new challenges to the teachers.
The research questions I wanted to answer addressed both the usefulness of the
professional development and how the ideas were enacted in the classroom. These are the
essential questions I sought to answer:
How did the teachers utilize the professional development they received in design thinking
in 2007 and 2009?
What did the teachers feel would be the outcome of integrating design thinking in their
curriculum?
Why did the teachers feel comfortable introducing design into the curriculum (if at all)?
What are their perceptions of the students’ engagement with the curriculum?
Does a teacher’s belief in the curriculum affect their impression of student engagement?
How do students interact with the curriculum?

Methods
I interviewed the school principal, Paul, and two teachers, Jordan and Dawn, who had
been involved in the Learning through Design professional development. I observed two
classrooms three different times. I visited Jordan’s first grade math class twice and his third
and fourth grade science classroom once. I asked slightly different questions of the
principal, Paul, than I did of Jordan and Dawn. When I proposed my first research question,
I was aware of how professional development sometimes does not “take” and oftentimes
teachers are hard-pressed to find the time and support to keep working at it in their
classrooms. My experience at this school was not that. I had seen how the principal had
supported and promoted our work at the school, but I still wondered how adding
something new to the curriculum looked over time. I also wondered if there was
something special about this school. I had worked on design projects in another
elementary school and a community center, and in those instances, observed lower quality
classroom management. My experience in the past at this school was that of observing a
well-oiled machine. I wondered what was behind that. I’m also interested in disseminating
this information to other schools and training other teachers. So, I felt it was important to
understand how this school worked in order to mirror it.
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I coded the data, the interviews, and observations, looking for themes. I also re-coded
the data with my research questions in mind. I tried to develop an understanding of how
these educators felt about the professional development work and using design in the
classroom. I also spent time observing how the students interacted with the curriculum.

Analysis
I coded the data, the interviews, and observations, looking for themes. I also re-coded
the data with my research questions in mind. I tried to develop an understanding of how
these educators felt about the professional development work and using design in the
classroom. I also spent time observing how the students interacted with the curriculum.

Using design in the classroom
As Jordan and Dawn both tell me and as I observed, design thinking can happen every
day and it can be woven into curriculum. Dawn explains a current class project in terms of
using design thinking, and the language of design, reflecting on a design thinking webinar
she was just participating in, “So today, we’re trying to build this city, ‘how might we
design our houses?’ Well, we’ve got the milk cartons, we’ve got the blocks, we’ve got the
Legos, just thinking about how you go about your business every day. To me design
shouldn’t be ‘here’s this project we’re going to do three days a year so we can say we’re
into design.’ Design should be about the language, and Wally actually asked that question
during the webinar, you know, ‘What is this about? Is this a project or the language we’re
using with kids all the time?’ and of course they said ‘both/and’ …You know, you want both
of those things happening.”
At Happy Days, sometimes design thinking is used when the project is design-based,
like the architectural city-building, and sometimes it is just the language used when solving
problems.

Learning through experience
Jordan feels that the end product is not always as important as the steps the students
take to get there. He tells me about first graders beginning to learn the process, “So right
now they are making stuffed animals that they designed. They HAD to go through the
design process, so for my first graders they’re like, JUST GIVE ME MATERIALS AND LET ME
MAKE IT, I DON’T WANT TO HAVE TO DRAW!”
Jordan said, as they moved through the project, “what they got to see was the visual
evidence that that kids who planned the most effectively, ended up having the most
effective final product. And so we’re taking them through that. The older kids understand
that if you’re going through that you’re going to have a better product. For me it’s not
about what ends up happening at the end, but that they went through the actual process”.
I could see the staff thinks design thinking has benefits for their students. Jordan says,
“The thing about design thinking is they have to have an experience and human beings
learn by actual experience.” He sees how the kids connect to the experience, “I think they
do like it, because we remember things we connect to emotionally, that’s what kids come
back and talk to me about. It’s not ‘Ooh, that multiplication times test was SO ROCKIN’.”
Jordan felt students had engaged with the design curriculum because they remembered it
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years later. The results of using a design curriculum in the classroom became clear when I
observed Jordan’s third and fourth grade combined class as they worked on a Science
project: designing and building a water filter.
Teams discussed their design, referring to detailed drawings covering the pages of big
sketchbooks. They filled out worksheets stating the needs for their design and the costs
each component would incur. A red-headed girl in a pink and white jersey says,
“Screen, cheesecloth, 50 cents for one. Now we need two coffee filters.” Students are
working together and quickly fill in their needs lists and total up the amounts and funds
needed. Students line up to get the supplies on their list. The girl, Jenny, brings over a
very dirty bottle of water to the table. Jenny, and a boy, Mason, in a green fluorescent
colored “UnderArmour” shirt and matching track pants, are working together. She
reads off the list as he holds the filter they are building. When it is complete they pour
the water through and judge the qualities of the filtered water. They give themselves a
“1” (the best score) on price, but they only give themselves a “6” for water color. It is
still very brown.
Jordan asks, “Who has the cleanest water?”
Students look around the room and chime in, “Henry’s group has the cleanest water”
Mason asks, “Can we look at their design?”
“Yes, of course” Jordan says, and there is a migration to Henry’s table.
Hands are up all over the room, ready to answer the question when Jordan asks what
are some of the scores they gave themselves. There is some fidgeting, but most students
are sitting and listening to what Jordan is asking them to do next.
I saw students engaged in the activity, comparing one thing to another to find the best
solution, adding and subtracting and working together to solve the problem given them. I
asked Jordan about this kind of project:
Jordan: It makes kids actually think.
Interviewer: So, how do you think it makes them actually think, compared to being
given a worksheet that says which of these water filters do you think will work better?
Jordan: They have to go through, well the thing about design thinking is they have to
have an experience and human beings learn by actual experience. So when you have an
actual experience, you can build off that experience.
Interviewer: OK
Jordan: I think Thursday was just literally playing with materials… hey, here’s what we
have, you know, make this as clean as you can. See what happens. So they did with
that, then we talked about the screen, we didn’t even have the cotton ball. What did
the sand do? What did the gravel do? You know, all that stuff. We had gone to the
water treatment plant and hey, this is like that big box that we saw. So here you go, so
pretty much like that. What I loved about that process is that so yesterday was plan it
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out, here are the things you could have. So they just made solo design and I said cost it
out and they said, ‘oh my gosh, I spent so much money.’ (laughs)
Interviewer: (laughs)
Jordan: So now you are going to work with one other person, and you’re gonna bring
down the cost, ok? And then they had to work with everyone at the table …yeah,
because everyone had their first idea then let’s talk, reach consensus, and make a
fourth design, and that’s what they built today.
And using the steps of the design process, they are able to go back to their design,
refining it using what they’ve learned.
Jordan: And so then they get to, got to see what it did, and then go back and try it again
tomorrow, see if we can’t make that clear glass of water.

Design as authentic learning
Jordan thinks one of the important elements of design thinking is the authenticity, “So I
think part of design thinking is real-world problems. The next thing we’re going to get into
is they’re going to make toys for kindergarteners based on regional studies that they do,
and people do that, there are really people who are toy designers, so they’ll go through the
process of what a toy designer does, they’ll have an empathy interview with a
kindergartener and what they like for toys. What’s a good toy, and what’s a bad toy. Stuff
like that. Real world. Kids can smell a rat, so they know when they’re doing something
that’s fake.” One way to help the students learn design thinking skills it to use authentic
problems. “Enhancing students’ design thinking skills may be achieved through
incorporating authentic and intriguing tasks into the classroom and providing many
opportunities to apply design processes” (Razzouk and Shute, 2012, p. 344).

Design for equity
Jordan feels the design thinking curriculum really reaches kids. I asked him if he felt
design thinking was a way to reach equity with all different kinds of learners. He
immediately said, “yep I’ve got kid in there that can build ANYTHING, can solve any
problem mechanically, engineering, he’s going to end up building my pacemaker out of sea
algae and a can of Coke. He reads at like first grade level. Seriously dyslexic, classic,
diagnosed, cannot read, does not want to read, but if I say I need the pencil sharpener
fixed he can take it apart and fix it. Those are the kids that I can’t have slipping through the
cracks. Again, those kids are super smart, but it just looks different…those are the kids I
want to sweep along. I want them to come with us. We need them.”
Using design thinking and PBL provide for different kinds of learners. Studies on PBL
curriculum have shown that “Students with strengths in academics were not the only ones
who were successful” (Bell, 2010, p. 42) but students with real world skills were able to use
their “strengths and talents” to contribute to group projects.
Jordan also talked about how design thinking could help diminish the achievement gap.
He explains,
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“Every. Single. Culture. Solves problems. So if you could talk academics into
OHMYGOSH, the birds are dying out back because they’re not eating, we need to
measure, we’re going to build birdhouses, we’re going to learn about our local birds,
we’re going to use bird houses, that have to be certain dimensions, certain many inches
tall, wide, what’s the perimeter of that, what’s the square inches …”
Using real world problems “you can front-end all this workbook crap by actually solving
a problem, by actually doing real world stuff, so how do you do THAT? I’d like to see
that.”
He sees problem solving as a way to get past the middle class-centered tests and
curriculum:
“And again, I think if kids, because every culture solves problems … so it’s not a black
thing, it’s not a white thing, it’s not an Asian thing, all cultures do that, so if you can
flatten the playing field.”
He gives an exaggerated example of the type of question found on a standardized test:
“Madison went to the country club and ordered two hot dogs, each hot dog cost $3.50,
how much money does Madison’s daddy have to sign off on the chit at the end of the
night, before he tips out the waitress”
He says,
“Pretty much that’s how every standardized test is written out… It’s written for white
middle class kids, so if we could say, ‘these are the problems that everyone’s facing,
how could you solve that that way?’ and ‘does that create a more equitable
classroom?’ There are things I used to say here that I can’t say here anymore. I used to
say things like, ‘you’re at a lake.’ Instantly they’re thinking Lake Harriet, their own
cabin, their grandpa’s cabin, their lake friend’s cabin, to now when I sometimes have to
define what I mean by that”.
As I observed it, the water filter project allowed all students to participate. The problem
was determined though their reading and set out for them to solve. They tried out the
materials to see what worked and in the end, they learned that certain materials filter
water better than others, and discussed why. These ideas, as Jordan said, will help them
learn from experience, and will stick with them, and even perhaps help them with a physics
problem in high school. They were also engaged with the curriculum and practicing math
and communication skills. As seemed evident here, studies have also shown PBL has
demonstrated the ability to level out scores between students in different economic
groups (Boaler, 2002).

Preparing students for the future
Roger Martin, from the Rotman School of Business, said businesses need to innovate
and solve problems. Paul and Jordan both commented on how important it is to prepare
kids for the future. Paul thinks the skills they teach at Happy Days will prepare students for,
as he says “how complex the world is going to be for kids and how fast stuff is going to go.”
Jordan points out that there is too much at stake to leave kids behind, “No matter what
998

Learning Through Design: Professional Development

your native language was at home, you’re going to have something to offer me and
society, so we have to find out what that’s going to be…It’s the whole Ken Robinson human
capital situation… you need EVERYBODY”. These comments contribute to the idea that
design thinking teaches 21 century skills.
st

Cooperation
One of the other things that I noticed was how well managed the classrooms were. The
students worked very independently and moved quickly through transition times. The first
grade classroom demonstrated both independent and creative work. This example shows
how independently six and seven-year-olds work:
Two girls come to tell me their jokes. Jordan says “I’m going to have to go to the center
for book arts. I’ve gone through more paper. They just want to write and publish things.
Forget about the computer, they want to make things.”
He continues, “Cerena was using joke books to learn to read and Addison said, I can
write jokes for her, so they started writing jokes for a book. It’s been about a week and
a half project for them.”
Addison shows me how nice the paper is she is using. Cerena tells me she is coloring
the cover and Addison is doing the back. Cerena says, “Every marker I pick up doesn’t
work!”
She finds one that works and begins coloring.
Addison asks what color to color the dresses.
“Rainbow”,”says Cerena, “like my page,” as she gestures towards her work.
Addison picks up a marker.
And exclaims, “Oh, its black!”
She chooses another, yellow, and starts to color the dress.
One group is working with the Ipods. They are without direct adult supervision, but
work through problems and share ideas. Some are much focused on the screens,
holding the Ipods in two hands, while others share and show each other what is on
their screens.
At another table, one boy stands as he works in on a worksheet using plastic number
tiles. There is one boy and three girls at the table and three boys at the other table. A
girl with a blond bob presses hard on her paper. One girl at the table sits with her knees
on the chair.
Voices remain calm, heads bent down over work, working independently.
After 14 minutes have passed, Jordan asks them to pack it in, and sit back down at their
tables. Students slide tiles back into bags and pick up their papers and put them back
on the counter.
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Jordan counts them down with claps to return to their tables: Clap, clap “base group
table in 4”, Clap, clap “base group table in 3” and the students sit.
Even with many stations and collaborative work happening in the classroom, the
students are focused and pay attention to the teacher.
When I mention how independent the first graders seem to be to Paul, he says it is
something they work at, “And people are pretty impressed by seeing our little kids do that,
because wow that just happened… that’s a lot of work to get kids to that point but it’s one
of those things that’s important, that benefits kids.” Paul mentions how cooperative
learning and restitution are a part of the school culture: “we teach cooperative learning
because a life skill is how you work with other people and how you learn how to mediate
issues as they come up and so this is something that you learn when you are little and you
take it with you and the whole restitution model is about who do you want to be and what
you’re going to do in this situation and who do you want to be when this happens to you,
you know, and you get to define your life that way and the choices you make define it and
you take that with you.”

Conclusion
The teachers at Happy Days have continued to integrate design thinking into their
curriculum and have even found new ways to do so. The teachers I interviewed felt design
thinking fit well with the models of cooperative learning and inquiry they were already
using before the Parallel Play workshops. The teachers said they believe in the idea and the
students I observed were engaged and inquisitive. The teachers I interviewed felt that
design thinking was beneficial to their students. Jordan noticed how it solved some of the
issues students from other cultures faced in the classroom. This is a research angle I would
like to pursue. If this proves to be true after further research, it may provide a bridge to
span achievement gaps.
I found evidence at Happy Days Elementary that professional development was
sufficient to provide teachers with the skills to integrate design thinking into their
curriculum. I would like to interview more teachers at this school and others using design
thinking to learn more about how and why these ideas are working or not working in
different classroom situations. I have begun to understand how classroom management,
and school culture, including things like practicing cooperative learning, seem to make
project-based, problem solving curriculum function without causing disruption.
Finally, Jordan did not doubt the water filter project would provide the contentrelated
to science standards. The classes I observed and the interviews with Jordan, Paul and
Dawn, provided evidence that design thinking can provide so-called 21st Century skills.
Further research could include measurement of success, using Sternberg and Grigorenko’s
theory of “successful intelligence” (Sternberg and Grigorenko, 2004). I think there is a way
to incorporate many of the best practices at this school along with design thinking in the
curriculum in other schools to achieve the kind of 21st Century learning Jordan and Paul
talked about here.
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Abstract: While giving design students the opportunity to problem solve in
groups can have great impact on their design solutions, appreciation for the
benefits of this activity takes time and experience to develop. Yet time and
experience are not something a typical undergraduate student has plenty of. This
exploratory study describes a project-based, altered approach to improving
student attitudes towards teamwork that goes beyond time, beyond repetition,
beyond the act of teamwork itself. This study measured student attitudes before
and after participating in a 4-week interior design project where “teamwork”
was the project topic. The creative objective of the project was to design a
collaborative teamwork space. Attitude measures in the categories of teamwork
value, real-world relevance, personal interest, and confidence while working in
teams were investigated. Students worked on the project individually to
eliminate team mate bias on attitude measures. Results in all categories
indicated an increase in positive attitude towards teamwork after completion of
the project assignment.
Keywords: design education, collaboration, teamwork, student attitudes
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Introduction
Team-based problem solving provides benefits far beyond those working alone,
particularly in the fields of environmental design. Professional project teams frequently
consist of diverse expertise including architecture, interior design, engineering disciplines,
graphic design, industrial design and others. This way of working becomes second nature
to design professionals. To students, however, who are consistently evaluated as
individuals, assigned individual grades, responsible for themselves and passing the class,
teamwork is not so natural. It can be awkward and frustrating at times. The responsibility
to show up and do their part so that others can assume a portion of the credit can be
discouraging. Nobody likes to make concessions, even professionals. Yet as professional
designers grow into their careers they increasingly work in teams. The more they work in
teams, the more they realize the benefits.
Collaboration leads to diverse design solutions and innovative product technologies
(Sonnenwald, 1996; Stempfle & Badke-Schaub, 2002). It provides perspective, flexibility,
and camaraderie (Edmondson, 2012). Yet growing into a design career and appreciating
the benefits of teamwork takes time and repetition. Undergraduate students typically have
minimal real-world experience and have only so many years to acclimate to a cooperative
working style, yet one of the purposes of higher education is to prepare students for the
professional workforce. Students are forced to sit next to each other in class and work on
the same project, but that does not necessarily lead to the most beneficial of collaborative
work outcomes. The degree to which the students collaborate outside the classroom
studio and/or choose to just “divide and conquer” the project tasks may be dependent on
such variables as a student’s attitude towards teamwork and group projects. The purpose
of this study is to look at current research on student attitudes towards teamwork, and to
explore the impact that designing spaces for teamwork may have on those attitudes.

Background
Student attitudes towards teamwork have not always been favorable. There are
drawbacks to student teamwork. It requires planning and coordination of complex
schedules and as discussed earlier, it requires compromise, but teamwork is commonplace
in interior design education. “Collaboration” is one of 16 Professional Standards cited by
the Council for Interior Design Accreditation, the interior design accrediting organization
for higher education programs throughout the United States and Canada (CIDA, 2014).
Within the last several years the Journal of Interior Design, the flagship journal for the
Interior Design Educators Council (IDEC), has published several articles on the topic
including a special topic issue focused on collaboration in education and practice published
just last year. This inherent interest in project-based teamwork brings to light its value in
interior design education and yet there remains deficiencies in the way it is being
implemented. Janetta McCoy’s introduction to the special topic issue focuses on the
relevance of collaboration in design “The image of the solitary designer-artist working
alone in the studio late at night is a fallacy. The image of the designer as expert in all things
without need for input or guidance from others is at once both misleading and foolish. And
yet, those images persist” (2014, p.vi).
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Literature Review
Research on the topic of teamwork in education is abundant. Various aspects of
teamwork from effective pedagogical methods to bridging the gap between industry and
higher education are covered well (Astin, 1987; McCorkle et al, 1999; Dunne & Rawlins,
2000). Research has also increasingly looked at a number of factors impacting student
attitudes about teamwork. One such study investigated multiple variables including peerevaluations and reasonable workloads (Pfaff & Huddleston, 2003). In the study,
researchers revealed that student attitudes can be predicted by project grades and the
amount of class time allotted to a team project. Attitudes were also impacted significantly
by a student’s perception of a “free-rider” problem. Free-rider is a term frequently cited in
literature to describe team members who minimally contribute to a team project. If a team
did not experience a free-rider problem, attitudes towards teamwork were significantly
more positive.
In interior design education, student attitudes have been studied and compared by
academic year. In their research, Gale, Martin, Martin, and Duffey (2014) compared the
attitudes of upper-level design students to those of lower-level students within the same
interior design program. Contrary to the authors’ expectations the upper-level (seniors and
juniors) reported a less positive attitude than the lower-level (sophomores and freshman)
students. As a possible explanation the researchers suggest that upper-level students may
be subject to collaboration “burnout”.
Research has also looked at the unique cultural differences impacting attitudes and
teamwork. In their study comparing the perceptions of both U.S. students and Lithuanian
students, investigators found that although both sets of participants had a common
definition of teamwork, their attitudes were disparate (Pineda, Barger, & Lerner, 2009).
The researchers specifically looked at overall teamwork satisfaction and attitudes towards
the value of teamwork – does it produce “more and better outcomes faster” (p. 4). Based
on both measures the U.S. students reported a lower positive attitude about teamwork
than the Lithuanian students.
Teamwork in distance learning courses continues to be well researched topic in recent
years due to demand for this type of instruction, the expansion of university programs and
advances in online course technology. In their study, Ku, Tseng, and Akarasriworn (2013)
found that students favored working in online communities and that student attitudes had
“moderate to high degrees of correlation with teamwork satisfaction” (p. 922). The study
surveyed students in the final week of each semester over the course of three years.
Although it did find a correlation between attitude and satisfaction the study did not look
at interventions for improving attitudes nor measured multiple points in time.
Although research in teamwork continues to be plentiful, very little speaks to the role
of project topic. Delson’s (2001) observations on project topic indicated great impact on
student motivations in group assignments. Although other factors such as project
objectives, real-world relevance and student self-efficacy may additionally impact attitudes
and motivations, he concluded that project topic provides the basic foundation. However,
Delson’s observations were not documented as controlled research. Beyond Delson’s work
in organizational behaviour and engineering education very little research exists to
specifically address the impact of project topic on student attitudes towards teamwork.
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Research Questions
The aforementioned studies speak to the diverse range of opportunities to improve
attitudes towards student teamwork. However as mentioned there is little research
addressing how project topic impacts student attitudes. The objective of this study was to
explore that notion and address the following research question through an interior design
project-based assignment using teamwork as the project topic: How does the act of
designing team spaces impact a student’s overall attitude towards teamwork and more
specifically:
Does it impact their confidence as a team member?
Does it impact personal interest in teamwork?
Does it impact their overall belief in its value or usefulness?
Does it impact their perception of how teamwork is used in the profession?

Method
In order to begin to understand the impact an interior design project’s topic has on a
student attitudes a survey questionnaire was developed in conjunction with a 4-week
interior design project. The focus of the interior design project was to design a space for
teamwork and other collaborative design activities. The project was assigned as an
individual project rather than a team project in order to eliminate the possibility of the
team’s dynamic (good or bad) and its influence on the participant’s attitude toward
teamwork. The survey was administered at the beginning of the project as a pre-survey
and at the end of the project as a post-survey.

Participants
The participants were senior-level interior design students (n=21) in two sections of a
capstone course at a large Midwestern university. Both sections were taught by the same
instructor. The university’s interior design program is accredited by the Council of Interior
Design Accreditation (CIDA) and housed within the department of Art and Design. Eighteen
of the students were female and three were male (14%). All participants were interior
design majors enrolled in their last interior design studio of the curriculum. 76 % indicated
they had worked on 5 or more team projects during their interior design and designrelated courses. 10% indicated they had worked on more than 10. Students also indicated
they had worked on teams in non-design related courses such as Foreign Language,
Communications and English during their undergraduate education. 14% indicated they
rarely worked in teams during internships, 38% mostly worked in teams during internships,
and 19% indicated they only worked in teams during internships.

The Assignment
The learning objective of the project exercise was for students to create and assemble a
small set of construction drawings utilizing Revit software. For most students this was their
first time creating a full set of construction drawings in Revit. The overall objectives in this
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capstone course in construction detailing include acquainting “the student with building
construction documents (drawings, specifications, and contracts) as to their application,
format, and coordination”. Within the four-week project time frame the students were to
rethink the layout of their studio classrooms as collaborative learning environments
designed for teamwork. Students were to redesign the program’s two interior design
studios and resource room to support such activities and then document the solution
within a small set of construction drawings.
Excerpt from Project Assignment
Redesign the 2 interior design studios and resource room. Create a collaborative,
cutting edge, learning environment for a minimum of 32 students and 2 instructors.
It should be flexible to include spaces for group work, individual work, computer work,
fabrication work, contemplation, hang-out, material and project storage, writable
surfaces, and transparency. There should be space for all students and instructors to
have a large combined (standing) class for a presentation/pin-up, but still be flexible for
instructors to work with smaller groups and/or have separate classes of 16 each (as
they are now).
You may remove or alter any wall (including the corridor wall), doors, finishes,
furnishings, layouts, windows, lighting, & technology as you see fit. You’re only limited
by the square footage, height of the ceiling deck and sprinkler/HVAC systems.
Deliverables
FINAL DRAWING SET in REVIT (11x17” sheets with border and titleblock),
A.1.1
TITLE SHEET (CONCEPT IMAGE, PROJECT DATA, MAP, AND SHEET INDEX)
A.2.1 DEMOLITION PLAN
A.2.1 CONSTRUCTION PLAN
A.3.1 FURNITURE PLAN
A.4.1 RCP – INCLUDE EXISTING SPRINKLERS, HVAC, LIGHTING, FIRE/EXITING
A.5.1 BUILDING SECTIONS (east to west & north to south)
A.6.1 INTERIOR ELEVATIONS & DETAILS
A.7.1 SCHEDULES - FINISH SCHEDULE / FF&E SCHEDULE / DOOR SCHEDULE
The current interior design classrooms include 2 equal sized studios and 1
material/resource library shared between them. Currently the only way to access the
material/resource library is through a classroom therefore access is limited while class is in
session. The furniture and equipment in both studio classrooms are set up in a computer
lab layout. Each room includes 17 drafting computer stations in two rows running
perpendicular to the “teaching wall” – the wall with the whiteboard/writing surface,
presentation screen and teacher computer station. Neither classroom nor the resource
room include space/furniture grouping for two or more people to meet face to face
without a computer screen between them. It is important to note that this has been the
students’ exposure to an interior design classroom environment for the past 3+ years.
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Figure 1 – Existing Studio Classrooms. Source: Author

The only formal instruction the students received during the four week time period was
in the form of Revit tutorials created and taught by the instructor. At no time did the
instructor focus on the topic of collaborative work, its benefits to project design solutions,
its commonplace in the interior design profession nor strategies for how to design an
environment to accommodate such activity. The students’ only prescribed source for
design guidelines and knowledge on the topic came from the book Make Space: How to Set
the Stage for Creative Collaboration (Doorley & Witthoft, 2012). Make Space is a colorful,
272 page book written by faculty at Stanford University’s d School, based on their
experiences of having the program reassigned to multiple sites on campus over the course
of several years, each time looking for new ways to re-invent their academic space and
gathering insight along the way. The book is dissected into 5 types of content: tools,
situations, design templates, space studies and insights. Each form of content provides
snapshots into transferable design ideas for creating collaborative spaces.
Each student was assigned five topics from the book. A typical topic ranged from 200300 words of text and includes a related image. The students interpreted the topics and
presented the information as it might apply to the design of a collaborative interior design
studio classroom. Topics ranged from the more tangible “Keep Supplies & Tools Visible for
Inspiration & Instruction” to the more interpretive “The Open Office Floor Plan Has a
Shadow” which is described in the text “darkening this shadow is the loss of a sense of
belonging that previously was a benefit of having an owned personal space” (Doorley &
Witthoft, 2012, p. 196).
During week 3 of the project, the students presented their five topics in a modified
Pecha Kucha style format (Klentzin, Paladino, Johnston, & Devine, 2010). Pecha Kucha,
Japanese for “chit chat” is a presentation format in which presenters show 20 slides for 20
seconds each. The slides advance automatically while the presenters speak along to the
images. In lieu of the standard 20 slides, the students in this study presented their Make
Space topics over the course of 15 slides advancing automatically after 20 seconds. They
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utilized found images to present their topics, but were not allowed to use images directly
from the book.

Figure 2 – Student Design Solution – Conceptual Image. Source: Tara Schneider

Figure 3 – Student Design Solution – Furniture Plan. Source: Tara Schneider

Figure 4 – Student Design Solution – Section. Source: Tara Schneider
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Final deliverables for the set of drawings included demolitions plans, construction plans,
furniture plans, reflected ceiling plans, sections, elevations, details and schedules. Figures
2-4 (above) depict excerpts from one student’s proposed collaborative design solution for
the space.

Assessment Instrument
The students were given a pre-survey during week 1 prior to being given the project
assignment and then surveyed again with a post-survey during week 5 at the end of the
project assignment. All 21 participants took both surveys. The survey was developed
following an extensive review of literature on measuring student attitudes and in particular
student attitudes towards teamwork and collaboration.

Figure 4 – Project Assignment Timeline

The pre-survey contained a total of 40 items. Survey questions explored the
participants’ attitudes towards teamwork in school and in the profession of interior design.
They also queried the participant’s confidence while working in team settings. Items were
posed as statements and rated on a 5-point Likert scale for agreement. Responses ranged
from 1 (strongly disagree) to 5 (strongly agree). Sample survey items included the
following.
“I accomplish more when I work on a team”
“I feel comfortable with my contributions to a team.”
“Teamwork is more interesting to me than individual work.”
The 40 statements were scored overall and within 4 pre-determined categories. These
categories were a priori groupings as defined by the researcher based on the original
research questions. Each category contained 10 statements. Pre-determined categories
were as follows:
Confidence working in teams
Personal interest
Value of teamwork
Real world relevance
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All 4 categories of statements were evenly distributed throughout the survey
questionnaire. In an effort to eliminate response bias, within each category half of the
items were posed positively while the other half were written negatively. “Knowing how to
work well within a team will help me earn a living” is an example of a statement written in
a positive format, “Teamwork will not be important in my career” is an example of a
statement written in a negative format. Both of these statement examples were grouped
into the “Real world” category.
General demographic questions followed the 40 item statements. These questions
inquired about future career plans, other types of courses where the student has
participated in teamwork, number of team projects the student has participated in during
their undergraduate interior design education, and teamwork participation during their
internships.
The post-survey contained the same set of 40 statements as the pre-survey. In lieu of
demographic questions, the post-survey included three open-ended questions adopted
from the student attitude instrument developed by Ku et al. (2013) These questions were:
(1) Did you like or dislike working on this project alone? Why or why not? (2) What did you
learn from this project? (3) Do you think you would have learned more if you had done
your project as a team? Why or why not?

Results
Data analysis in this study was performed through descriptive statistics and statistical
significance utilizing a t-test for comparisons of pre and post-surveys. Mean scores and
standard deviations for RQ1-RQ4 are tabulated in Table 1. Writing the questions both
positively and negatively required reversing the scores of the negatively stated questions
so that point value correlates with attitude. The higher the point value, the more positive
the attitude in the category.
RQ 1: Does the task of designing an environment to support collaborative activities
impact a student’s confidence in their role when working on a team?
Descriptive results for the pre-survey indicated that participants had less confidence
(M=3.70, SD=.45) before the project assignment. T-test results (p=27) however indicated
that this is not a statistical significance. This result is not overly surprising as the project
was an individual assignment and team projects within the course were not taking place at
the time. The item showing greatest change between pre and post surveys indicated that
students were in less agreement with “It’s hard to get teammates to respect me”. The
mean difference between pre-survey (M=2.05) and post survey (M=1.71) for this item was
-.34. Because this was a negatively worded statement a negative difference indicates that
post survey students were less in agreement. These findings suggest that the project
assignment may have improved students’ confidence for likeability within a project team.
RQ2: Does the task of designing an environment to support collaborative activities
impact a student’s personal interest in team work?
Results for the pre-survey indicated that participants had less interest in participating in
team work (M=3.29, SD=.39) before the project assignment than post-survey (M=3.49,
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SD=.55). T-test results (.09) indicated a stronger statistical significance. The item showing
greatest change between pre and post surveys in this category and within the survey as a
whole indicated increased positive attitude towards working with peers. The item
“Working on teams leads to stronger relationships with my peers” received a mean
increase of .43 from pre-survey (M=3.9) to post-survey (M=4.33). The overall mean
difference for this category (.20) was the greatest of all categories suggesting that student
interest in team work was most impacted by the project assignment.
RQ3: Does the task of designing an environment to support collaborative activities
impact a student’s overall belief in its value or usefulness?
Results for the pre-survey (M=3.58, SD=.44) indicated that participants value team work
more after the project assignment (M=3.77, SD=.52). The overall mean difference is .19 in
this category suggesting that designing for an activity may impact the student’s overall
attitude towards its value. The item “I feel teamwork is worthwhile in college” increased by
.38 between pre-survey (M=3.81) and post-survey (M=4.19) showing greatest change of all
items in this category indicating that students perception of value increased.
RQ4: Does the task of designing an environment to support collaborative activities
impact a student’s perception of how team work is used in the profession?
“Real world relevance” received the highest total attitude scores of all categories on
both pre-survey and post-survey indicating understanding for the role of teamwork in
professional practice. Results for the pre-survey (M=4.25, SD=.35) as compared to results
for the post-survey (M=4.40, SD=.35) indicated improvement in participant attitude
towards this category. The item “Knowing how to work well within a team will help me
earn a living” received the greatest increase. The mean difference between pre-survey
(M=4.24) and post survey (M=4.57) for this item was .33 suggesting that the project
assignment may have improved attitudes towards teamwork in the profession and
relevance to what they are learning and practicing in the classroom.

Student responses to open ended questions (OEQs) included the following:
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OEQ1: Did you like or dislike working on this project alone? Why or why not?
A majority of students indicated they liked working on the project alone, but indicated
they helped each other out quite a bit so although it was a solo responsibility there
remained a strong sense of community within the studio. Several also indicated that
although they like working alone they do see the benefits of working together:
“I would rather work alone, but after looking at everyone’s solution I definitely
think my solution would be better if I worked on a team”
“In general I like working alone because then you do not have to coordinate with
anyone else, however teamwork generally forces me to stay on track better
because there is a sense of accountability”
“I liked working on this project alone, but I also think this project would have
been fun to work on as a group. When I work along on projects I do a lot more of
what I like and how I see things in my head. The nice thing about group projects
is getting other perspectives”
OEQ2: What did you learn from this project?
Overwhelmingly student answers focused on Revit topics indicating that the learning
objectives for the project remained intact.
“I learned in depth the functions of Revit and how to do better detailing for
construction drawings”
“I learned so much about Revit and that it isn’t terrible”
“Revit makes CDs a lot easier if you know how to use it”
OEQ3: Do you think you would have learned more if you had done your project as a
team? Why or why not?
This question was mostly answered in the first open-ended question with a few more
responses favoring the idea than in the first question.
“Yes, after looking at other’s solutions it made me aware of solutions I wasn’t
aware of before”
“No it was too small of a project and we each need to learn Revit on our own
before coming together as a team”
“I don’t think so; I really enjoyed the Make Space presentations and felt those
were collaborative in and of themselves”
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POST-POST SURVEY
Although not part of the original research design, a follow-up survey was given to the
participants upon completion of an 8-week team project. Students worked in teams of 3 on
an interior design solution for an 11,000 s.f., academic space. As with the first project,
much of the actual project work revolved around drafting a complete set of construction
drawings. The survey consisted of three similar open ended questions.
OEQ1: Did you like or dislike working on this project as a team?
One student who did not like working on the team alluded to a free-rider situation and
another indicated difficulty in compromising. However, most students indicated they liked
working on the project as a team not only for real-world professional preparation and the
noted advantages of learning from peers, but most predominantly student responses to all
three questions referred to the diverse perspectives team mates brought to idea
generation.
“I liked it, because my team was always on the same page. We brought and
merged different ideas that I feel created a successful outcome.”
“I loved working on this project as a team because I find collaboration to be a
very valuable asset in the design industry.”
OEQ2: Do you think you would have learned more if you had done your project alone?
Students who indicated “yes” primarily felt they would have learned more simply
because they would have to do more. Most students answered “no.” Again, mostly
indicating a perceived learning from peers.
“No, they opened my eyes to other design solutions and ways to achieve them”
“No, I felt we each learned a lot from one another”
OEQ3: Do you think working as a team created a better design solution than if you had
worked alone?
“Yes, my team mates had some excellent insights and presented some
perspectives I never would’ve addressed if I had worked alone”
“Yes, different people see different problems in other’s designs and can point out
to make an overall better design solution”
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Discussion
The purpose of this study was to explore the possibility that project content may
influence a student’s attitude towards teamwork in an interior design classroom. Measures
in all 4 categories taken at two points indicate an increase in positive attitude towards
teamwork after completion of the project assignment. Student commentary indicated that
Revit instruction remained the clear learning objective for the project.
Although this paper provides insight for teachers and researchers, there are limitations
in the study and ways it could be strengthened for future research. First, the sample size
was small and homogeneous in terms of class level (senior), gender (female) and major
(interior design). The incorporation of other accredited interior design programs or
architectural programs may provide greater diversity in future studies. Second, the study
did not have a control group. Future studies may incorporate a group of design students
going through the same Revit tutorials and project parameters, but with a different project
subject matter (e.g. applying the Revit exercises to the design of a 3-room condo). A
control group may strengthen the validity of the data and hypothesis in future projects.
Earlier discussion emphasized the importance of teamwork in the workplace and in the
classroom. This study provides a snapshot into how one interior design course improved
student attitudes towards teamwork and collaboration. Although the Revit instruction and
project assignment are specific to interior design education, the subject matter may be
rendered into other types of design education. Industrial design might approach the
assignment as a collaborative furniture piece. Graphic design might look at it as poster
design or branding exercise for teamwork itself, but no matter the design discipline it is
imperative we continue the discussion. The education of future designers is too important
to not embrace the effectiveness of alternate teamwork strategies.
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Abstract: “Designing backwards” is presented here as a means to utilize
abductive reasoning processes in diverse educational settings to help teachers
and students learn to formulate and operate design processes to achieve three
sequential and interrelated goals. The first entails teaching them to effectively
and empathetically identify, frame and analyze complex social, technological,
economic, environmental or public policy problems, or problematic situations.
The second involves helping them cultivate understandings from these problemframing processes to iteratively develop and then assess the relative efficacies of
specific prototypes or prototypical ideas that, if implemented, could improve
some aspects of these situations on behalf of particular groups of stakeholders.
In this context, “prototyping” is defined as a heuristic process that allows
students to test how operating various strategies and procedures, or deploying
particular interventions in the forms of communication systems, affordances,
and tools and toolkits, can yield insights about how to affect useful, constructive
transformations. The third goal challenges students to correlate the knowledge
they gleaned from engaging in the first two processes to work with given groups
of stakeholders to develop and implement more relevant, effective and
appropriate outcomes to the complex challenges that directly or indirectly affect
specific aspects of their lives.
Keywords: designing backwards, project framing, prototyping,
abductive reasoning
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An introduction to designing backwards
“Designing backwards” is shorthand slang for engaging in the kinds of thinking
processes necessary to design and implement products, services, procedures and
experiences that relevantly and effectively meet the needs and desires of particular groups
of people. It is an approach to innovating and inventing that begins by observing and
interacting with at least some of the people on whose behalf a given product, service or
experience will be created or realized. These ethnographically rooted activities can help
ensure that what a given group actually needs and desires—to occur, to accomplish, to
have provided, to avoid—is accounted for in the decision-making processes that might
eventually yield a new artifact, system or environment for them to use. Designing
backwards can also result in new ways of planning and then doing things. The knowledge
gleaned from the initial observations and interactions that constitute the basis of these
thinking processes can then be used to inform the cyclic development and testing of
prototypes.
In the context of designing backwards, prototypes can and do take many forms: they
can manifest themselves as manual sketches, digital renderings or physical models that
eventually yield a computing interface, or a cautionary symbol, or a promotional poster, or
a tool or kit of tools, or a game, or a new way for a person to engage in the experience of
selecting food and then dining in a cafeteria. Prototypes can also be realized as a new
means for an individual to participate in the act of voting in a political election, or to select
the best players for a given year’s football, baseball or hockey all-star team, or to sort and
then effectively route a diverse array of packages in a mail room.
Designers (and engineers, computer scientists and other practitioners and academics
who use them) are taught that a prototype should function as a means to test the
ramifications of implementing and then operating something prior to its actual adoption,
manufacture or publication. Prototypes provide designers, their collaborators, and some of
those who will eventually view, use or consume what designers create with a process—
prototyping—for informing and guiding the development of whatever is being designed in
an iterative manner. This process that is so endemic to design, and which so many
designers have utilized to inform their decision-making for most of the last century, can
also provide educators and their students with a viable methodology for identifying,
framing and examining complicated issues and questions. It can also, as they deem
necessary, provide them with a viable mechanism for developing something that is new
and that instigates change and thus “…makes the existing model obsolete” (Fuller, 1980).
It is the central premise of this discourse that 11-to-18-year-old students who learn to
design backwards—to engage in critical thinking informed by prototyping as a means to
frame, analyze and, in some cases, suggest ways to ameliorate complex problems—are
more well-positioned to enter university or the job market as innovative, broad-minded
thinkers and planners.

A brief examination of the historical context
for designing backwards
Designing backwards is posited here as a reflective, process-based means to gain and
create knowledge, as well as to positively guide transformative actions, on behalf of an
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affected group. Its foundation is rooted in discussions that began in earnest during the
1960s during the Design Methods Movement about what should constitute the
fundamental activities of design. As the 1960s progressed, the processes used to guide
design decision-making began to be touted as a means to effectively engage in scientific
research by a group that came to be loosely known as the design methodologists. They
included Christopher Alexander, Buckminister Fuller, J. Chris Jones and Herbert Simon. By
the early 1970s, Alexander and Jones began to suggest that trying to utilize systematic
methods rooted in science to understand complex design problems was an inadequate and
ineffective way to do this. Unlike scientifically guided processes, the results of design
processes are often not replicable, nor should any attempt be made to copy them, and
very often they cannot be validated externally (Cross, 2007). Design processes, like
designing backwards, also tend to begin with some sort of a normative objective—to try
and improve something, or a given set of circumstances—and so are structured in ways
that they yield results that can be said to be better, or more appropriate, rather than true
or false (Rittel, 1973).
In 1983, Donald Schön published his book The Reflective Practitioner (Schon, 1983),
which touted the idea that practitioners working in a broad array of disciplines can create
more relevant, useful knowledge for themselves by consciously reflecting on what they do
as they do it. This constructivist approach argued that practitioners should eschew what he
referred to as “technical rationality” (i.e., positivistically informed ways of learning) as a
grounding for their professional knowledge, and instead rely on understandings gleaned
from “looking to our experiences, connecting with our feelings, and attending to our
theories in use” (Smith, M.K. 2011). Schön’s ideas about enacting reflective practice, or, as
he referred to it, “reflecting on action so as to engage in a process of continuous learning”
(Schon, 1983), resonated positively with practitioners across many disciplines, including
designers and educators, as the 1980s progressed. Enacting and sustaining a reflective
practice, and using the knowledge gleaned from this ongoing, often cyclic, process is
another key tenet of designing backwards. What is being described here is not a systemic,
linear, ‘plan-and-then-execute’ approach: it is antithetical to systematically guided,
standardized methods for constructing knowledge.
Constructivist approaches to planning and operating design processes, like reflective
practice and designing backwards, allow practitioners from a wide variety of disciplines to
effectively confront ill-structured, complex problems. The need for practitioners and their
collaborators to be able to do this can be traced to Herbert Simon’s arguments in The
Sciences of the Artificial (Simon, 1969), and, more directly, to Rittel and Webber’s call to
use design thinking to confront these kinds of intricate, convoluted dilemmas that they
deemed “wicked problems” (Rittel, 1973). Additionally, designing backwards calls for
modes of inquiry to inform plans for action and, as necessary, the development of
whatever tools and methods are needed to realize these plans (Coyne, 2005).
Designing backwards” does not require those who engage in it to possess professional
design experience or a degree in one of the design disciplines. It is a process, or set of
processes, that begins when those involved in or affected by a particular situation identify,
or co-identify, at least some aspects of it as somehow being problematic, dissatisfying or
annoying to them. In this discourse, these people will be referred to as “the affected
group,” and their predicament as a “problematic situation.” For example, individuals,
particularly children living in the U.S., who were infected with measles or mumps in 2014
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are an example of an affected group. The fact that they became ill in the first place—as did
others who came into contact with them during their infected state—due to their parents
not allowing them to be vaccinated against these easily preventable diseases is an example
of a problematic situation.

A description of designing backwards as an inclusive,
transformative activity
Whoever eventually becomes involved in the efforts to mitigate a distinct undesirable
scenario, or problematic situation, the two primary goals of designing backwards are
relatively easy to describe, even if the means for achieving them sometimes is not. The first
of these linked processes involves engaging in critical and objective examinations of how
and why given sets of social, technological, economic, environmental and political factors
and conditions influence an affected group living or working within a given situation. The
second involves leveraging knowledge gleaned from these ethnographically informed
examinations in ways that might be used to operationalize one or more changes to
improve the factors and conditions that frame the problematic situation that surrounds the
affected group.
Designing backwards does not begin by challenging someone, most especially an 11-to18-year-old, to design a chair, a graphical user interface, a retail space or a garment line.
Working very prescriptively according to a narrowly defined design or problem brief guides
decision-making processes in ways that ensure the realization of predictable, often predetermined outcomes that fit into an (usually) existing, singular-rather-pluralistic, welldefined category. When projects are initiated according to framing statements that specify
the “what” of that which must be designed—”design a poster that communicates
__________ on behalf of __________,” opportunities to think about how to transform the
factors and conditions that contextually surround the situation within which the design
must function are often lost. In this way, many problem statements and project briefs limit
the potential to improve a given state of affairs on behalf of or with a particular affected
group by categorically constraining the activities of those who could affect change in or
around these circumstances.
These types of project briefs also limit designing to an activity that is undertaken for
people enveloped within a specific set of circumstances, without their involvement and
input, rather than an activity that is undertaken with these people, where they are allowed
to function in at least some ways as co-designers. For example, merely designing for people
results in the kinds of public relations fueled marketing campaigns that champion a given
sponsor’s vaguely defined support for American Iraq and Afghanistan war veterans. While
these campaigns might help garner some positive publicity for their corporate sponsors,
they will likely do little to help these veterans re-adjust to living and working in a society
where most jobs do not require the skills necessary to successfully engage in armed
combat against cunning adversaries. Similarly, developing and implementing yet another
physical fitness mobile app is not likely to effectively address the complex myriad of causal
factors that can be linked to why so many people living in G-20 nations are overweight and
physically unfit.
Design researchers Liz Sanders and Pieter Stappers have opined that involving end
users and intended audiences in design processes supports a mindset “that the end users
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are the experts of their future lives,” and that “[he/she] is only one person among others
whose needs and dreams need to be addressed in product/service development… It is also
now acknowledged that all levels of people’s needs should be addressed, including
ergonomic, cognitive, emotional, social, and cultural needs (Sanders & Stappers, 2014).”

Introducing the concept of designing backwards
in educational settings
Designing backwards can afford students diverse opportunities to become familiar with
a means to envision, and then build and test, that which may not yet exist, at least in its
current form. It allows them to consider real-world problems, engage in research
processes, analyze the data they gather, utilize this data to guide the generation of new
ideas, engage in experimentation and then actually construct and test prototypes that can
affect the real-world problems they set out to address. Through prototyping, they can
learn to think differently and act in new ways, which can in turn help them to innovate, to
challenge and break patterns (Berglund and Grimheden, 2011). Learning to develop
prototypes can also become a means for students to share multiple experiences and
viewpoints with each other, because the prototypes themselves often become loci around
which rich dialogues begin and are sustained.
Prototyping requires the building and testing, and then re-building and re-testing, of
many different, possible manifestations of something so that, eventually, only the
iterations that are assessed as being the most effective remain for consideration and
possible implementation at the end of the process. Educators of 11-to-18-year-old
students and the students themselves need to understand that prototyping is antithetical
to modes of working that call for a single plan to be executed from start to finish without
diverting from the strategy that was originally articulated to guide its progression. It is
messy and unpredictable, and is informed as much if not more by data gleaned from what
happens when a given prototype fails than when it, or some aspect of it, succeeds. It is
NOT a linear process, but rather a cyclic, often circuitous one. It requires that a given
prototype or sets of prototypes that depict or allow for the operation of specific ideas or
procedures be analyzed and evaluated prior to attempting to construct the next generation
of prototype or prototypes.
Challenging 11-to-18-year-old students to analyze how and why a specific prototype, or
some aspect of it, failed to be perceived, or to function, or to be utilized as planned, can
help these students learn to engage in failure analysis as a means to guide and support
their decision-making processes. Learning to determine what causal or correlational factors
may have contributed to a given prototype not working as well as had been hoped helps
students understand the developmental roles that failures play in processes that can
eventually yield more desirable outcomes. Engaging in comparative analyses of how
different prototypes were appreciated (or not), from emotional and functional
perspectives, as well as how they were operated and how those who used them felt about
their experiences afterwards can help students gain important insights about what people
unlike themselves might really want and need. Students who learn to effectively analyze
failures also learn how to avoid making false assumptions about what is most necessary or
desirable among others whose belief systems, and ways of thinking and doing, are
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different from their own. In this way, learning to engage in the process of gaining
knowledge from failure helps students learn to think and work empathetically.
The prototyping processes that are an integral part of designing backwards begin by
envisioning and then constructing, often in rough forms, multiple, broadly informed ways
to build, facilitate, actualize or do a thing, experience, procedure or activity. Ideally,
designing backwards is contextualized and then guided by research data that has been
gathered and analyzed from diverse primary and secondary sources, rather than by the
singularly informed will of one person or group to enact what they believe to be right, or
just, or a viable solution to their perception of a given problem. Prototyping processes
invite the participation, sometimes repeatedly, of at least a few people who will or could
be affected by the decisions to change, make, or do within the context of a given situation
that affects one or more aspects of their lives. Because of this inherent inclusivity,
prototyping processes can help build consensus between diversely constituted groups,
including those who do not share the life experiences and understandings of 11-to-18year-old students. These processes require a high degree of real curiosity and openmindedness among those who engage in them, as they often yield outcomes that call for
something to be done differently than it has been done up to now, or that calls for the
invention and implementation of something new.
When planned and operated effectively, the prototyping processes that guide designing
backwards provide a means to yield insights, apprised by multiple perspectives and belief
systems, that achieve relevant, actionable effects and consequences. Teaching educators
from a variety of disciplines to teach their students to design backwards—to incorporate
prototyping into their decision-making processes when they are confronted with complex
problems—can afford both groups with a conscientiously framed and guided means to
productively address, and, as necessary, transform them. Designing backwards also makes
use of prototyping as a practice that encourages collaboration between individuals and
groups that might not otherwise have occasion to meaningfully interact with each other.
As such, it can help teachers immerse their students in learning situations that afford them
opportunities to build empathy for people who think, act and aspire to life and career goals
very different from their own.

Operationalizing “designing backwards” as an
integrative, educational toolkit for 11-to-18-year-old
students and their educators
As an integrative tool, or, more accurately, as an integrative, adaptive toolkit for
education, learning to develop and operationalize the means to design backwards has the
potential to bolster the efforts of educators at the middle- and high-school levels who have
been challenged to teach their students to identify, contextually frame (Schön, 1984) and
resolve so-called “real-world problems.” These types of problems, which tend to involve
complex issues such as individual and family nutrition and wellness, emotional health,
understanding macro- and micro-economic realities, gaining knowledge about how public
policies affect individuals and groups, and cultivating pluralistic awareness of social and
cultural identities, require that 11-to-18-year-old students learn to empathize with people
unlike themselves. These types of problems also require that these students learn to
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embrace means of understanding, planning and doing that are not guided by linearly
structured, predictable kinds of logic. By being immersed in learning situations led by
educators who have learned to design backwards, students at the middle- and high-school
levels can be challenged to re-think their perceptions about the prevailing factors,
conditions and belief systems that are affecting a particular group in a specific way.
As they do this, these students can learn to engage in a process of problem-solving that
allows them to, at best, develop expertise with, or at least develop a fundamental
understanding of, abductive reasoning. Although many students enrolled in public school
settings in the U.S. are introduced to inductive and deductive reasoning in math and
science curricula during their middle school years (6th to 9th grades; when they are 11- to
13-years-old) (Yopp, 2009), their exposure to abductive reasoning—the type that guides
designing backwards—tends to be much more limited or non-existent during this period of
time.
Learning to structure an argument that guarantees the truth of its conclusion (per
deductive reasoning), and learning to do this so that sound evidence may be offered that
something might be true, based on structured experience (per inductive reasoning), can
and does help students reason their ways through well-structured and constrained,
empirically framed problems. However, neither of these structures affords them a means
to offer new insights relative to the logic presented in the arguments, or new knowledge
that could be derived from inferring conclusions that best explain why a particular social,
technological, environmental, economic or political phenomenon has been observed
within a specific setting (Kolko, 2010). To effectively understand, much less address or
attempt to affect how, even a small portion of the limited factors and that envelop a
specific group requires a different kind of thinking than that which is informed by
deductive or inductive approaches. This alternative type of thinking has to allow for the
generation of ideas that stem from what can be ascertained, interpreted or derived from
attempting to explain why a given situation is occurring as it does, even if this explanation
fails to account for any previously understood rationales that could justify the evolution
inherent in a given chain of events. Thinking and reasoning guided in this way by inference
and intuition “is directly aided and assisted by personal experience. Yet the personal
experience need not be with the specific subject matter of the … problem. The abduction
itself can be driven by any design or cultural patterns that act as an argument from best
explanation (Kolko, 2010).”
Abductive reasoning allows individuals and groups of students to form hypotheses,
which they may or may not choose to act upon, and which may or may not prove to be
correct, based on what they can infer is the best explanation for the occurrence or the
perception of a particular phenomenon. Students learn that people rely on both their
individually and communally cultivated stores of knowledge as they attempt to form
hypotheses that guide a wide variety of decisions they have to make every day. Abduction
allows people, correctly or incorrectly, to choose how they drive their cars or ride their
bicycles when they encounter particular situations “in traffic;” it affects how they select
what to eat and not eat, based on their perception of how they think something new might
taste or provide nourishment based on their experiences with other food items that they
know are “kind of like it;” it allows humans to operate a logic of discovery rather than
proof (Lipton, 2004) that can lead to new ways of knowing and thinking about the
transpiration of particular situations in the world.
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It is in this latter mode that abduction can afford middle- and high-school students—or
financial planners, scientists or designers—a means to envision and then suggest ways to
make specific aspects of the future better for affected groups living or working within
problematic situations. Additionally, when students are taught to couple abductive
reasoning with the prototyping processes described in more detail in the next section, they
can determine whether or not what they suggested, and then attempted to invent, was a
valid means to improve a particular situation on behalf of a select affected group.
(Prototyping processes offer means to validate knowledge in ways that abduction does
not, as prototyping allows understandings to be informed as effectively by failure as they
are by success.)

Facilitating collaborative, idea-generation
and analysis processes through prototyping
and problem-framing
The thinking that guides designing backwards suggests that 11-to-18-year-old students
can learn to
utilize their analyses of factors and conditions that frame a specific problematic
situation to
guide the synthesis of particular “bits of knowledge” gleaned from these analyses to
suggest a new ways for the affected group to improve their circumstances within that
situation.
In turn, these “new ways” to help an affected group improve their circumstances can
be realized as prototypes. These can take many forms, and include but are not limited to
artifacts. They might emerge from the designing backwards process as new procedures or
protocols for guiding specific activities, or new ways of doing, making or communicating, or
new products or systems that might help the affected group ameliorate particular aspects
of the negative situation in which they are or are likely to be immersed.
The process of developing prototypes can yield several benefits to 11-to-18-year-old
students and those who teach them. Among them are the following that can help these
students begin to develop and hone the habits of mind that are necessary for them to
become more adept critical thinkers:
Prototypes are developed in an iterative series of actions or steps that allow for the
consideration of many variables—ease of use, socio-cultural perception, cost, feasibility,
sustainability—and this tends to dissuade students from “falling in love with their first
ideas;”
The fact that prototypes require ideas to be made manifest in some type of physical
form—as a diagram, a crude model or plan, a set of instructions—requires students to
“show-and-tell” how key features of their prototypes would work (Zaki Wurfel, 2009);
Prototyping provides a dynamic yet hypothetical means for those in a given affected
group struggling within a particular problematic situation to participate in dialogues with
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each other that are focused on how implementing a specific course of action, or “solution,”
as represented by the prototype, might or might not benefit them;
Prototyping enables those outside the affected group to engage in dialogues with those
who are within it about the ramifications of actions in the simulated, or (again)
hypothetical realm of the prototype in an inclusive rather than exclusive discussion;
Because prototypes are developed in iterative steps, each phase of one’s development
can provide the means to test and assess its particular attributes and features—students
can gain crucial insights during these evaluative processes regardless of whether these
attributes or features succeed or fail;
When a prototype, or one of its key components or characteristics, is deemed a failure,
an analysis of “what caused it to fail” can yield students the insight(s) necessary to develop
its next iteration in a manner that addresses whatever it was that caused the failure to
occur;
Because prototypes can and should be made quickly and without overt attention to
detail or “final polish,” students learn to use and perceive them as tools for generating
ideas, rather than end-products that they have worked too hard to make to want to
critically analyze, much less discard in favor of something new.
The process of developing prototypes is also a means to gather and analyze evidencebased data gleaned from observing and engaging in dialogue with at least some of the
people who will actually use, experience or perceive whatever product, service, procedure,
or new way of doing, making, or communicating has been created for them in the form(s)
of a prototype. A student or team of students should only begin to attempt to create an
initial prototype after he/she/they have attempted to understand the various
circumstantial issues, actors, conditional factors and networks that contextually surround,
or frame, a given negative situation (Gibson & Owens, 2014). These four variables are
briefly articulated in table 1.
Figure 1 depicts how specific examples of the four variables described in Table 1 can be
visually articulated to help educators and their students examining a particular situation
better understand how these affect a given problematic situation. In this case, this
situation involves parents choosing not vaccinate their children against measles, mumps
and rubella (MMR). (The American Center for Disease Control and Prevention reported 644
cases of measles in the U.S. in 2014, and more than 15% occurred in people over 18 years
of age who had come in contact with children who had not been vaccinated against the
disease) Invalid source specified.. The situation depicted here is framed, or enveloped, by
a complex array of variables that are arranged into the four, categorically organized “arrow
areas.” This depiction is not intended to include the entire array of variables that envelop
this situation; rather, it serves as a starting point from which educators and their students
can glean information that can, in turn, begin to spark hypotheses about how this
situation, and those affected by it, might be improved. In turn, these hypotheses can be
used to inform and guide prototypes that can be critically discussed, tested and revised,
until one or more viable means to ameliorate this situation can be devised.
Table 1. The four types of variables that “frame,” or envelop, a given problematic situation
Circumstantial

These have more direct, micro-level types of influence on how a particular
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issues

Actors

Conditional
factors

Networks

situation evolves. Examples include how specific groups choose to signify social
class distinctions or aspirations, political beliefs or sexual attitudes by possessing
and operating distinct types of material goods or utilizing specific types of services,
and how these choices affect perceptions and patterns of consumption in given
areas among certain populations.
They are represented in concept maps such as the one articulated in figure 1 by
personas whose behaviors are hypothetically guided by particular sets of social,
cultural, economic and political beliefs. Given their respective biases, the manner
in which they act within specific kinds of situations can be accounted for visually
within a given concept map’s structure.
These encompass socio-economic, political, technological and environmental
conditions that can be cited as having broad causal or correlational influence.
Examples include regular access to electricity and the Internet, amount of rainfall
per year, access to regular employment opportunities at fair wages, and the type
of government in power in a given region.
These can also be organized within a concept map such as the one that is depicted
in figure 1 whenever students, their project collaborators and their instructors
deem it necessary to organize a given group or groups of factors, issues or actors
together in a more systemic way. Doing this enables the collective influence of a
network to be critically examined in light of how it has affected, is affecting and
could potentially affect other networks or individual factors, issues and actors
within and around a given negative situation.

(Gibson & Owens, 2014).
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Figure 1

Using a simple diagram to depict the circumstantial issues, actors, conditional factors, and
networks that frame/envelop a given problematic situation. Source: Author.
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Engaging in the creation and testing of prototypes can also equip students with a
dynamic means to a gather the evidence and rationales necessary to help them advocate
for the pursuit of particular courses of action and against others. It can also facilitate this in
ways that allow those who could or should be affected by these actions—a given affected
group enveloped within a particular problematic situation—to be directly involved in
decision-making processes that have the potential to change some aspect(s) of their lives.
As depicted in Figure 2, prototyping is an iterative, cyclic process that calls for the creation
of something that emerges from one or more hypotheses about what could or should be
done to ameliorate a given undesirable situation on behalf of a well-defined group of
users, or audience, or experiencers.

Figure 2

A depiction of phase one of the iterative, inclusive process of prototyping. Source: Author.

Prototyping begins after the content depicted in a diagram like the one shown in Figure
1 have been analyzed and hypothesized about. Allowing members of a group who are
situationally affected by given sets of circumstantial issues, conditional factors, actors and
networks to participate in the processes of conceptual diagramming and prototyping gives
them an active role in decision-making processes that impact them. It also helps ensure
that whatever is developed and tested during prototyping is analyzed and evaluated from
multiple perspectives, which encourages a more diverse array of options to be considered.
Prototyping processes require as much time and attention to determining what is not
working and why as is required to determine what is working and why. Because they are
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made to be tested to the point where they may break or fail, and then evaluated and
openly discussed and critically analyzed, prototypes help students gain knowledge about
how to marry abductive reasoning, which yields ways of knowing, with assessment
methods that yield ways of validating what has come to be known. In this manner,
prototyping yields evidence that can be used to support or discourage particular types of
decisions, and the strategies and activities that emerge from them. Once a prototype’s
efficacy, or lack thereof, has been validated, the process begins again, as depicted in Figure
3, as a means to inform and guide the creation of the next prototype. These processes can
continue until those involved reach a consensus about which prototype, or which version
of which prototype, should be made, implemented or distributed.

Figure 3

A depiction of phase two of the iterative, inclusive process of prototyping. Source: Author.

Examples of what utilizing the process of designing
backwards can look like in the classroom
Undergraduate design students at The University of North Texas worked with a small
group of middle school (11- to 13-year-old) students who had been recently diagnosed
with diabetes, as well as a small number of their parents and select middle school nurses
from the Denton, Texas Independent School District to develop the paper prototype for a
mobile app shown here. This project began by “designing backwards” from a series of
roughly configured envelopment/framing diagrams of the type depicted in Figure 1. It then
evolved over the course of four weeks to the point where manually executed, wireframe
sketches of the type depicted in Figure 4 could be generated and used in usability testing
sessions with the diabetic middle school students. It was the intent of the various
stakeholders involved in this project to develop this app to the point where it could help
middle school diabetics in north Texas more effectively monitor their condition on a daily
basis, as well as share data with their family members and healthcare providers. A
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secondary goal was to ensure that the app would work in ways that prevented these newly
diagnosed diabetics from feeling stigmatized because of their need to document and
manage their blood sugar levels in their respective school environments.

Figure 4

Manually generated, wireframe “roughs” of a prototype for a mobile app intended to
assist newly diagnosed middle school diabetics with their daily needs. Source: Author.

Between September of 2013 and May of 2015, design researchers at the University of
North Texas’ Design Research Center have challenged university-level undergraduate
students to engage in the designing backwards process as they begin projects that
endeavor to confront “human problems rather than graphic problems (Frascara & Winkler,
2008).” These projects often involve university students working collaboratively with small
groups (five to nine individuals) of pre-university students to identify problematic
situations, envelop them/frame them (see Figure 1), and then begin developing
prototypical ideas to suggest possible means for ameliorating at least some aspects of
these.
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Paper prototypes like the ones depicted in Figures 5 and 6 emerge from this process as
the students evolved their thinking from the hypotheses they generated during the
enveloping/framing phase of the project into more concrete concepts that could be tested
and analyzed. This particular project began by critically examining some of the challenges
that confront very early readers, and advanced after the students had identified particular
difficulties re: letterform cognition that they felt could be effectively addressed in a mobile
app used in a partnership between early readers, their parents and their instructors.
In these examples, the designing backwards process can and has yielded outcomes—
manifest as mobile apps—intended to help specific affected groups address particular
challenging situations in their lives. The paper prototypes depicted in Figures 4, 5 and 6
have been chosen to exemplify how prototyping can and does progress from iterations
that are rough and appear unfinished. These need not be “highly polished,” as they exist
primarily to garner feedback and inform the decision-making necessary to further develop
a given idea. They are shown here to offer concrete evidence that prototypes created
quickly—in a matter of a few hours—and without great attention to detail can yield useful
information to project developers and would-be “problem-solvers.”

Figure 5

A “rough” of a paper prototype designed to facilitate usability testing of a mobile app
intended for joint use by early readers, their parents and their instructors. Source: Author
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Figure 6

The testing process of this prototype allows those involved—designers, teachers,
and students—to quickly operate and evaluate several different scenarios of use.
Source: Author

Conclusion
Gathering and analyzing data in ways that result in the creation of evidence that can in
turn be operationalized to inform how something is managed, made and communicated is
one of the primary benefits of engaging in designing backwards. The situational
diagramming and prototyping processes that guide it can begin on a relatively small scale
and progress quickly. Designing backwards also evolves in ways that allow 11-to-18-yearold students to easily glean evidence from these processes of ‘build, test, assess, re-build,
re-test, re-assess…’ that can effectively inform their decision-making processes about why
and how to invent a new thing, procedure, experience or environment. Asking these
students to work with individuals from an affected group to co-construct a succession of
prototypes as a means to do this allows students to gain firsthand knowledge about how
people unlike themselves think and act. Asking these students to evaluate how people
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from a given affected group perceive, act within or utilize a specific prototype also helps
them learn to trust what they can analyze and interpret from engaging in this process as
useful, usable knowledge. This is quite different than trusting only (or predominantly) their
often narrowly informed assumptions about what is relevant, right to do or not do, or just.
Designing backwards can also help these students learn the value of appreciating and
analyzing endeavors, or aspects of them, that fail to operate or yield results as planned, as
a means to determine what about them could be altered in ways that might eventually be
deemed successful.
Finally, it is also helpful to understand the process-based activities that inform
designing backwards by describing what they are not: actions that begin with some form of
pre-conception about what will result—an app, a type of product, environment or
interface, an extant procedure, protocol, or system—from a given endeavor that involves
design. Designing backwards is also not a means to guide the creation, manufacture and
implementation of artifacts and systems of artifacts that may be deemed aesthetically
pleasing or beautiful, although these do sometimes result from this process. It is presented
here to provide today’s middle- and high-school students—tomorrow’s practitioners—with
a means to think and then act in ways that will allow them to contribute to the
development and implementation of ideas that effectively and relevantly account for the
needs and desires of others.
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Abstract: Design THIS Place connects art, architecture, engineering and
construction as dynamic, creative processes and drivers of 21st-century
innovation. Connecting young people to the communities in which they live and
learn, place-based learning looks at how culture, society, technology and the
environment shape design responses. Accessing architecture and the scales of
the built environment through tools, languages, discovery and design,
participants draw, paint, write, sketch, animate, and model online inside and
become world explorers outside. Combining ethnography, anthropology, and
design, with everyday access to digital eLearning, built environment education
empowers K-12 teachers and students with motivational activities in their school
communities. Global participants research local relationships between objects,
people, systems, and spaces informed by diverse fields of knowledge.
Transforming narrative teaching and learning into active idea propositioning
tests solutions to current problems; students develop journal skills, process
books, and concepts through the analysis of sites, development of programs and
iterative conceptual studies. Engaging communities in which they live and learn,
active participants, place maker instigators and urban designers reimagine
relationships between the past, present and immediate future.
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Place Based Learning
We believe that every young person should experience the world beyond the classroom
as an essential part of learning and personal development whatever their age, ability or
circumstances. (CABE 360, 2007)

Introduction
Humans live in built systems in the natural environment. While urban fabric in many
instances has denatured the land, the dynamic cycles of air, water, energy and bio diversity
continue to work with or against human sustainability. Connecting to the places that they
live and learn, young people need to look at how culture, society and technology shape
design responses. When students engage places as learning environments outside of the
classroom, they form repeated relationships with them. Relating to a place can be a
powerful driver of character identity as John Dewey in Experience & Education or of
purpose in life as Malcolm Gladwell in The Outliers write.
…if an experience arouses curiosity, strengthens initiative, and sets up desires and
purposes that are sufficiently intense to carry a person over dead places in the future,
continuity works in a very different way. Every experience is a moving force. (Dewey,
1938)
Practice isn’t the thing you do once you’re good. It’s the thing you do that makes you
good (Gladwell, 2008).
In support of place-based project learning, Design THIS Place looks at the importance of
introducing built environment education throughout K-16 to cultivate engaged urban
stewards and activate participatory citizens sustaining human activity on earth.
As almost three-fourths of the world’s population move into urban environments
(Population Reference Bureau, 2007), we live in cities. As children and young adults are the
future, we must assure them opportunities to engage and interact with the world outside
of classrooms during their formative years and into early adulthood. Interacting with the
community outside of the school introduces opportunities for developing contextual
relationships, understanding built heritage, learning urban identity, and developing visual
and cultural literacies. Place-based built environment education empowers individuals at
any age to take ideas into action.
Three disruptions to childhood building of intimate relationships with their
surroundings are shrinking the domain of freedom, decrease in walking, and internalization
of daily life. These conditions, generated from complex causations, remove young people
from relational activities near their home, in their neighborhood and their school
community. Due to increased parental concerns about safety, free wanderings about
communities are tightened within controlled radii of protective supervision and regulated
activities. In the United States, more than half of public school population is bussed from
home to school. Spending all but thirty minutes or so of recess time outdoors usually
means playing on asphalt, denatured playground. Students are then returned home,
‘wandering’ only up to the front door of the house (American School Bus Council, 2012).
Busy parents, grandparents or community carpools, drive half of the other half of the
school population to protect them, shelter them from inclement weather, or to save time.
Vanquished is the freedom of spending unsupervised hours outdoors, as sequestered day
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care centers, organized sports, and after school programs fill the gaps between school start
and days’ end for working parents. In the name of increased expediency and progress, lack
of community experience denies young people opportunities to explore living
environments freely. Without chances to navigate a community’s pleasures and dangers,
and to emotionally relate to its people and places, young adults miss bonding with their
built environment.
Internalized to and fros deny the individual experience of place specificity, and instead,
are replaced by normalized, repetitive, and most often, banal environments. From day care
centers mired in ubiquitous plastic play structures to denatured school grounds to generic
malls and fast food restaurants, the vision of progress has flattened diversity in
understanding the world for many. This ‘flattening’ brings a greater sense of well-being
and higher accumulation of goods. In most cases, it fails to nurture a greater degree of
happiness, identity, and humane ‘connected to place’ ecology.
Design is taught in college in the United States except for a dozen high schools, a rare
middle school (Lacrosse Design Institute), and the Stanford d.School that use design as a
teaching methodology in earlier years. For all ostensible purposes, the population that
does not attend college, approximately two-thirds of the US population, is design denied.
The majority of the population has no experience in research and critical thinking skills,
methods and techniques for assessing, evaluating and conceptualizing holistic and humane
improvements to the very places they call home. Never given support to be a creator or
participant, individuals lack the aptitude, confidence and in many cases interest in
contributing. In the pervasive drive for innovation, cultivation of built environment
heritage is overlooked, undervalued and a tragic missed opportunity.

The City as a Learning Laboratory
When children walked to school, the city was the place to learn. The Wacker Manual of
Municipal Economy, written for school children two years after Burnham’s Plan of Chicago
(Moody, 1911) remains a rare urban primer. It shares the importance of city planning for
citizen building. Asking Chicago school children to understand, know and love the city, The
Wacker Manual was an attempt to grow Municipal Economy (i.e. innovation and
prosperity) though investing in Chicago’s spirit of its residents. Growth and betterment of
the city would bring increased prosperity for its citizens increasing happiness and
enjoyment in life but also responsibility for urban stewardship.
It is becoming a recognized fact that the power, growth and advancement of a city is
limited only by the measure of united civic interest of its people. The stronger the
Community, the greater and more influential the city (Moody, 1911).
...The city is everywhere around us, and it is rife with learning resources. Even more
than classrooms and teachers, the most valuable learning resources in the city are the
people, places, and processes that we encounter every day. But in order to realize the
vast learning potential of these resources, we must learn to learn from them (Wurman,
1972).
In 1975, a Philadelphia Architect, Richard Saul Wurman (future founder of TED)
published The Yellow Pages of Learning Resources. Like the Yellow Pages of the phone
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company, this edition featured the places and business to learn from in a city for school
children.
The city is education—and the architecture of education rarely has much to do with the
building of schools. The city is a schoolhouse, and its ground floor is both bulletin board
and library. The graffiti of the city are its window displays announcing events; they should
reveal its people to themselves, telling about what they’re doing and why and where
they’re doing it. Everything we do—if described, made clear, and made observable—is
education: the ‘Show and Tell,’ the city itself. It is a classroom without walls, an open
university for people of all ages offering a boundless curriculum with unlimited expertise. If
we can make our urban environment comprehensible and observable, we will have created
classrooms with endless windows on the world (Wurman, 1975).
In 2002, the School of the Art Institute hosted a ‘Classroom Without Walls Symposia’
showcasing for the higher education design programs the value achieved by studio projects
with local people in local environments. The symposia showcased the Design-Build Firm,
Jersey Devil, an advocate for students working to create and enhance public spaces
through participatory design at the Yestermorrow School in Vermont. Samuel Mockbee’s
Rural Studio showcased its decade-long intervention of buildings and projects for the
populations in the rural communities of Hale, Perry, and Marengo counties. The value even
for college students to work on real problems in real communities became synonymous
with the work of citizen architects.
In 2006, Metropolis 2020 developed an online game, Metro Joe, to introduce high
school students to the complexities of making decisions in the built environment. The
National Geographic Foundation supported the pilot project. Students could play
individually or in teams to view over regional knowledge about Chicago and its suburbs.

Figure 1 NEXT.cc Place Experience Information Card
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Conditions, then, demand this new impulse of love for this city shall be fostered, and
that our children shall be taught that they are the coming responsible heads of their
various communities (Moody, 1911).
Simultaneously, the eLearning DESIGNopedia, NEXT.cc was developed in response to
the need to engage young people with their communities. Designed to be an open source
portal for informal discovery about placemaking (Figure 1), NEXT.cc connects information
about the elements of urban design with current cultural issues in urbanism. Journeys
introduced tools-site analysis, design thinking, placemaking to language journeys- place
description, place experience, streets, neighborhoods, and cities. Tools and languages
developed skills and vocabulary applied to discovery journeys or exploration of pocket
parks, public spaces, outdoor classrooms, and finally design opportunities for teachers and
students to realize.

International K-12 Built Environment Education
We make our buildings and then they make us (Churchill, n.d.)
Who we are cannot be separated from where we’re from (Gladwell, 2008)
In today’s rapidly changing times pressuring the local to become global, certain cultures
are advocating for the right of built environment education in Public Schools as a right of
and commitment to citizen health, national identity, culture and built heritage.

Built Environment Education UK
In the United Kingdom, 90% of students say that they remember more from a school
outing than from a classroom lesson (CABE, 2010). Engaging Places advocates using places
and buildings as learning environments. Acknowledging the built environment as the
largest immediate teaching resource, schools work to encourage and connect teachers to
use streets, parks, squares, grand historic locations, and local areas as every day outings.
Of the 2,000 children interviewed, four out of five said knowing more about the buildings
and places around them made them and their peers behave better.
In the UK, teachers are offered a design and technology resource for assessing quality
of design in buildings. Asking students to consider ‘Which Places Work?’ the online
teaching resource opens discussion and debate about design quality. Getting Out There:
Geography and Citizenship Local Safari Guide supports taking students out into their local
communities. Getting Out There: Art and Design Local Safari Guide offers ideas for using
local buildings, places and spaces for educational urban scavenger hunts. Stage 4 lessons
ask students where they will live and introduces housing types and contemporary housing
issues to raise awareness of the importance of good housing stock in cities. Created in
partnership with the National Geographical Society of the United Kingdom, the resources
are a good example of collaborative practice working to improve understanding and value
of our built environment. (www.geography.org.uk/projects/wherewillilive). Another
collaboration between the Joint Centre for Urban Design (JCUD) at Oxford Brookes, and
supported by CABE, introduces analytical methods for studying design and structure of
public places. What would you do with this space? encourages young people to engage
with places in their communities and to propose new ideas and new uses for spaces in and
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around schools. CABE resources are offered free and support teachers by identifying
curriculum links, learning standards and suggestions for use. (education@cabe.org.uk)

Built Environment Education Germany
Germany’s Chamber of Commerce LAG School Program works with very young children
in understanding architecture as crafted shelter, historical heritage, and construction
careers. Early on, students learn that proportions of their body, a la Leonardo’s Vitruvian
Man relate geometry of shapes to their outstretched arms and legs. They learn how to
calculate measurement of building width and height with their hand, forearm and stride.
They then learn that built environments are constructed on the ergonomics of the human
hand, reach, step, pace, etc. Equipped with thermo sensors, students study their homes for
weather tightness and find areas where insulation is less or infiltration of outside air more.
Children first through fourth grade are introduced to sun and wind factors, building
orientation, architectural typologies, tools of construction, and quality building craft. They
learn appropriate layers in wall sections to engineering quality buildings. Use of energy in
homes is shown in a cartoon depicting energy use contribution to the carbon footprint,
climate change and impact in other parts of the world. In addition students draw building
types in their neighbourhood and learn significant historical periods of buildings. The
mission of the Lag School is to prepare teachers to with information, training and
assessment for introducing the built heritage of Bavaria.

Built Environment Education Denmark
Denmark’s Architecture Policy gives children and young people, experiences in the creative
processes of architecture. Through immersion in inquiry and research, site investigations
and space and building design, children understand how architecture affects human life.
Danish architecture is based on humanism and material use that informs that makes up the
physical framework for Danish society. Buildings, urban spaces, constructions and designs
are created in response to history, culture, present economies and the future;
understanding this process assists children in appreciating their surroundings and
participating in their future. The strength in Denmark’s approach is its insistence on not
just experiencing architecture but in working through the creative processes of design.
Opening the school to the community brings the community inside as much as it takes
students and teachers out. Architecture introduced as an identity provider and behavior
regulator through issues of urbanization, sustainability, and climate change as part of
secondary school subjects connects students to their community. Denmark offers fifteen
vocational courses in architecture for teachers and students that study historic periods and
training in sustainability. In addition to hands on place based activities, Denmark offers
summer construction internships and is developing digital programs to support teachers in
connecting students to school villages and to the importance of preserving the past and
future quality of Danish Architecture.

Built Environment Education Finland
Finland created a Finnish Architecture Policy that coordinates efforts to define Finnish
Architecture and establish goals and policies to protect the quality and character of the
built heritage. The policy’s goal is to ‘create opportunities for the realization of the
constitutional rights of the citizen to have a good environment and to facilitate the citizen’s
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rights and his/her responsibilities for his/her own environment by promoting architectural
education and public awareness. Drawing from Vitruvius’s definition of utility, durability
and beauty while acknowledging modern dimensions, it aims to maintain and enhance
both the urban fabric and the building stock, creating and preserving national identity and
cultural heritage through K-12 built environment education. The policy states that built
environment education to date needs additional supportive teaching materials and
additional teacher training. Finland looks to the arts and to environmental studies as the
two traditional subjects that can best teach about the built environment. By experiencing
the built environment, building awareness and developing criticality about its value,
citizens will have improved competence to participate in design making in their cities.
Published in 1993, by Finnish National Board of Education, architecture is introduced as the
wide range of scales from objects, spaces, buildings, neighbourhoods, cities and regions.
Emphasizing interaction between people and the natural and built environment, this core
curriculum for K-12 helps teachers and students analyse and engage with the surrounding
urban fabric. Architecture education for the public supports learning about the world in
general and prepares citizens to face modern challenges.

Heritage Education as Built Environment Education
We may reject knowledge of the past as the end of education and thereby only
emphasize its importance as a means. When we do that we have a problem that is new in
the story of education: How shall the young become acquainted with the past in such a
way that the acquaintance is a potent agent in appreciation of living in the present?
(Dewey, 1938. p.23)
Built environment education is often overlooked or left behind in K-12 teaching of the
history of the world, history of governments, history of civilizations. Yet connecting
children to their school, their homes, neighbourhoods, and cities builds interactions and
engagements that build memories. Memories build relationships. Relationships build
understandings. Understanding builds engagement. Place experience, place description
and placemaking are transdisciplinary activities that link language arts, social studies, art
education, and history studies with urban geography and architecture (NEXT.cc 2015).
Students should know about the history of their city. They should have the opportunity to
visit historic places in the city as a class. They should be introduced to building types and
be able to identify key elements of the types. They should meet people who have lived
their lives in their communities. A simple walk around the block of the schoolyard can open
up many of these understandings. Students who study the history of the place that they
live and learn in have a greater aptitude for taking care of it, responding to it, and seeking
to improve it.
Mind Mapping (Figure 1) is an easy way to get to know your students’ favorite places
for learning and how they ‘see the world’. Teachers mind map places in the city as learning
destinations (field trips). Once there, equipped with heightened observational and
research skills of the anthropologist, the ethnographer and the designer, young people
learn to see, read, evaluate and respond to the people and places around them. Working
with teachers to better understand, assimilate and assess place-based learning is critical
for its success in every school.
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Figure 1. Mind Mapping Journey Student Work, NEXT.cc (2015)

Place Based Literacy
Cities are full of public and private spaces. Some spaces are occupied and others are
open. Public spaces and outsides of private spaces can all be measured and mapped. Public
spaces are those physical areas accessible by every citizen and every visitor. A second layer
of understanding space beyond its physical dimensions and location is as representational
space. What does the space represent? How is the area known, perceived, and imagined in
people’s minds and in the media? Representational space is perceptual as well as
conceptual. A third appraisal of space is ‘lived’. Lived space is space that is experienced.
Repeated positive experiences build awareness, understanding, emotional attachment and
invested memories. Memories help shape identity and connectivity and an individual’s
sense of place and purpose.
Design THIS Place contends that in fact, a key element in every child’s educational
experience should be a direct, full-bodied exploration and investigation of ‘sense of place’.
Pallahsmaa stresses the importance of ‘full bodied sensory experiences’ of the world; in
Eyes of the Skin he writes that reliance on optic modes of learning deprive us of fuller
understandings (2005). This charge, in the face of changing demands on schools districts,
teachers and parents to best prepare their children for a rapidly changing future, is often
marginalized and even forgotten. Calling upon designers and design educators to share the
learning of the university is a critical connection for design denied K-12 teachers and
students working to motivate the need to learn more and to connect individuals where
they are with their interests and potentials for contributing.

Place-Making
What defines a character of a city is its public space- not its private space. What define
the value of the private assets of the space are not the assets by themselves but the
common assets. The value of the public good affects the value of the private good. We
need to show everyday that public spaces are an asset to a city (Clos, 2014).
Placemaking is a dynamic human function: it is an act of liberation, of staking claim, and
of beautification; it is true human empowerment. (Survey respondent on the PPS web
site asking “What is Placemaking?” Retrieved from Placemaking Vision for Detroit)
A ‘place’ can be defined as a space that is intentionally full of life or inviting of life.
(Project For Public Space Participant)
Chicago’s Metropolitan Planning Council’s Project for Public Spaces, working with the
city and a Placemaking Advisory Group of diverse professionals, created a Place Making
Guide (MPC, 2009). It suggests eleven principles for anyone interested in improving
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communities. It organizes activities in three simple steps: Assess, Evaluate and Implement.
Steps offer strategies for identifying public places that are successful; defining elements of
a successful public place; and understanding the importance of public space in
neighbourhood revitalization. The guide introduces ways to conduct site analysis to learn
from and about the site. It encourages place makers to create and facilitate teams of
diverse community members to establish, short, medium and long time goals (MPC, 2009).
Assess

Step 1: Assess public space challenges
Step 2: Select a site
Step 3: Identify key stakeholders
Evaluate

Step 4: Collect data
Plan

Step 5: Conduct place evaluation workshop
Step 6: Translate the ideas into action with a working group
Step 7: Develop a visual concept plan
Step 8: Create a summary report and presentation
Implement

Step 9: Implement short-term actions
Step 10: Develop long-term design and management plans
Step 11: Assess results and replicate

Design is most often for ‘another’. This shift from the individual mindset to how others
think is key in building empathy and broadening horizons. Designing places involves a
series of steps that develop awareness, critical thinking, communication and collaboration.
Designing places mixes students with larger groups of people in a community. Students
have reason and excuse to meet residents, to interact with local families and to interact
with adults and children in public places. Placemaking activates disciplinary learning
processes. Its activities refresh streets, animate pocket parks, occupy street corners,
energize bus stops, claim urban open land, and enjoy playgrounds and plazas.
Designing places starts wherever people are and moves them to emerge from the
status quo to intervene. They shift from seeing the world as something fixed, to something
fixable. No longer limiting but now challenging, Friere writes that problem-posing
education affirms men and women as beings in the process of becoming (p. 84).
Placemaking is a vital educational methodology that assists students in seeing how their
insight and knowledge fit into broader processes of change. Placemaking brings students
and students’ ideas into the discussion of imagining improvements, big and small, in their
communities. It empowers students to be proactive, and nurtures positive versus negative
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perceptions in their own environs. A variety of subjects for study present themselves as
shown in this list from Project for Public Spaces (PPS, 2010):
1. Improve Streets as Public Spaces
2. Create Squares and Parks as Multi-Use Destinations
3. Build Local Economies Through Markets
4. Design Buildings to Support Places
5. Link a Public Health Agenda to a Public Space Agenda
6. Reinvent Community Planning
7. Power of 10
8. Create a Comprehensive Public Space Agenda
9. Lighter, Quicker, Cheaper: Start Small, Experiment
10. Restructure Government to Support Public Spaces

Place Making Pedagogy
Power of 10
Power of Ten is a strategy of Project For Public Space that starts by asking students to
name the top ten major identifiable places in a city (PPS, 2012). In groups, students select
one of the major destinations to investigate more closely. Working in self-selected groups,
students analyze more closely a single space and imagine, or remember, ten things that
happen there. Visiting the place in person, students observe the situation. Noticing people
using the space, they witness the quality of interactions. Students look for physical and
visual connections of the place to its surroundings. Easy access to and through a space
keeps it lively as people use the space as an urban moment of relief walking to and from
destinations in the city. They map significant points as micro-destinations within the
context. They assess the image and comfort of the place checking day and night and
seasonal accomodations. They use a SWOT (Strengths, Weakness, Opportunities/Threats)
diagram to post positive and negative attributes and compare possibilities and strengths
while acknowledging constraints. Environmentally mapping the site, students document
natural and artificial edges, forces and contextual references. They examine the place
functionally and temporally through its current and potential use. Studying sociability, they
evaluate the demographic and interaction of its users.
The National Project For Public Spaces supports students learning about what makes a
place great. Students evaluate four key attributes: access, image and comfort, function and
activities and sociability. These four attributes overlay entrances, views, amenities, appeal,
destinations, possibilities, and social interaction to create the richness of a vital public
space. The four topics stitch the specificities of the place, or its history, context, and
potentials into a unique combination with a unique character that marks it as a unique
location.
A place literate person has a basic comprehension of ecology, human ecology and the
concepts of sustainability in urban settings. A place literate person diagrams and assesses
streets, open spaces and public plazas for safety, multi generational appeal, destination
score and attractiveness. A place literate person knows basic elements of successful places.
Design thinking and making applied to destinations in school communities and cities
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expands opportunities to motivate diverse learners. Place Based Projects connect learning
in the classroom, out on school campuses and in school communities.

Figure 2: NEXT.cc Nine Scales

Nine Scales of Home and more
An early exercise to expand awareness of architecture starts with students’ own houses
or apartments. Investigating personal living space through the lens of nine scales, (Figure 2)
deepens awareness of connection of what is use, owned, held dear, and contained inside a
building as part of a block, a neighbourhood, city, region and world. Looking at where we
are is an easy and wonderful place to learn to be more aware of our environment. It opens
new ways for us to learn about each other and about homes in different cultures and
climates in the world (Figure 3). Comparing where we live and what we live in with
households around the world in a Material World opens possibilities for appreciation as
well as beginning of understanding about global inequity. One can travel the world from
any classroom (Figure 4)!

Figure 3 Scales Journey Nine Scales of Home Activity Student Entries, NEXT.cc

Figure 4 Vernacular Architecture Journey Student Entries, NEXT.cc
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Figure 5 Buildings Like Bodies Journey Student Gallery Entries, NEXT.cc

Looking at Buildings Like Bodies connects science of human systems-nervous, muscular,
skeletal, to building construction systems of structure, electricity, plumbing, and HVAC or
heating, cooling and ventilating (Figure 5). Looking at public and private space
configurations, students study architecture as the ‘skin of the earth’ and learn to read
patterns of development (Figure 6).

Figure 6 Cities Skin of the Earth Activity, NEXT.cc

Figure 7 Public Space Journey, NEXT.cc

Public Space
Experiencing, describing, analyzing and enhancing public spaces is an invigorating set of
exercises for young people. We all experience spaces. Some are enjoyable. Others are
unpleasant. Recording the positive and negative aspects of spaces makes us more aware of
key essentials to a successful public space and opens up common appreciation and dislikes.
Describing spaces shares vocabulary of key attributes, histories, physical and intangible
aspects of a space. Description, analysis, interpretation, and evaluation all build relations
between places and us. Studying spaces digs deeper into the archaeology of the space-its
history, topology, geography, context, use and current state. Analysis is qualitative and
quantitative, primary and secondary, introducing students to contemporary design
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research methods. Getting to really know and understand a space connects past, present
and future systems in envisioning contemporary ideas. (Figure 7)

Figure 8 Sound Mapping Journey NEXT.cc

Soundscapes
Sound is another lens with which to connect senses with places. Often the most
ignored and overlooked perception, sound plays an amazing role in defining the
boundaries of a space and its characteristics and qualities. Once the specialized field of
acoustic engineers, listening is a key life skill that young people need to develop. Listening,
in K-12, should not be limited to voices of teachers and classmates but should be
introduced in its full spectrum including in built and natural spaces. Free apps afford
connections with and visualization of sound waves. Used on an immediate playground,
frequency and quality of sound can contribute to sound masking or sound making
opportunities for the school. Sound mapping possibilities encourage students to sound
map their neighbourhood. World sound map websites invite evaluation of sound
enjoyment or irritation in natural and constructed spaces. Raising of awareness and
connection to local communities instills an environmental design processing sense
encouraging ways of investigating, ‘seeing’ , analysing and evaluating.

Figure 9

Soundscapes, NEXT.cc
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Figure 10

Street Journey with Student Gallery Entries, NEXT.cc

Streets
Every citizen walks the street of his or her own city at one time. Streets in cities are
lifelines of activity. Many people take public transportation and/or drive city streets.
Offering children the opportunity to rethink street design opens their eyes to ways to
steward and improve the very streets in their neighbourhood. Students use Google Scribble
Maps to identify different types of streets and learning the different typologies. Students
identify highways, thoroughfares, arteries, corridors, boulevards, avenues, streets, lanes
and alleys recognizing traffic flow with width (Figure 10). They size the scale of roads due
to intensity of traffic, much as a transportation engineer would, measuring on Google Earth
or striding across during a red light or using a laser measure distance app with a friend
standing on the other side. They study street types in photographs and begin to think
critically about the experience and purpose of each type. Next they choose a street that
they find particularly interesting and document what they experience in a ten-minute
photo strip or series of sketches. On safe streets they interview people and learn what
others like or disapprove of relations between pedestrians and vehicles experiencing
primary research and meeting locals. Students study and map a street that they know,
define its type and imagine ways to improve communal functioning. Finally they find a
street that could be improved and improve it using the online modelling tool, Streetmix.
They envision streets of the future that allow biking, walk, parking, buses, trains, etc. Using
design process techniques, students study and supplement streets with street furniture to
encourage multi age interaction. Students develop critical thinking evaluating streets in
their own communities, measuring and photographing their findings looking deeply into
traffic flow, wait time, traffic backup, storm water management, pedestrian safety and
experience. Instead of just using streets, they become aware of what it takes to plan a
street and what can be done to improve relationships between people- pedestrians, bikers
and drivers.

Pocket Parks
Pocket parks provide opportunities to reimagine new uses and revitalized social
iterations at slips of leftover space, street corners and vacant or underutilized land. These
left over or ignored pieces of property are in every community. Some are small. Some are
medium and some are large. Depending on their context, each has potential to be
reimagined. Students take these properties, organize them, interview community
members and propose programmatic changes. This process not only empowers the
imagination of the students to take charge of their neighbourhood spaces, but it also starts
community conversation.

Building Typologies
Walking around the blocks of a neighbourhood, one can see different types of buildings
(Figure 11). Asking students to identify and name different types sets them on a wayfinding
journey that will help them identify their whereabouts in other cities and neighborhoods.
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Looking at buildings becomes a character study of health, safety, friendliness, age, and
other human characteristics. Young people can build an awareness that moves from
naming types of buildings to identifying types historically, or new. In addition, a closer look
at the elements of the facades begins to develop a literacy of windows, doors, and details
suggesting function, performance, propriety and purpose.

Figure 11

Architecture and Building Journeys, NEXT.cc

Rebuilding Buildings
Many towns and villages have vacant buildings and store fronts. These buildings served
prior purposes but have fallen into disuse and often disrepair due to changes in economies,
modes of production and distribution and other socio economic factors. Students locate
empty buildings in communities rethinking and repurposing them. The process of design
thinking enlivens possibilities. Design research digs deeply into the past informing ideas for
the future. Design processes bring analysis, brainstorming, and case studies research
together in an iterative process testing transformative ideas. Design making supports
students collaborating on ideas, putting ideas into a palatable form, communicating them
to a larger audience, and beginning a community conversation. These types of activities
shift the sole responsibility of stewarding a community and its urban fabric into a shared
responsibility of its citizens and future community stewards. Without exercises like these,
students leave K-12 for college (or not) never having activated their citizenship in placebased projects. Without early experience, many will go on to disregard or care lightly about
the very places that they live.

Playscapes
Play in spaces is rare but almost always welcome. Opportunities for play can be
extended to young and old, agile and challenged alike. Opportunities to play encourage
people to interact and engage in enjoyable ways. Asking children to word map play
opportunities that exist in the community and on their playground is a good beginning step
to open the conversation about what is missing. Sites like Kaboom’s Playful City USA map
play locations across the country; Find your play seeks maps play destinations in adjacent
to routine of home, schoolyard and home again.
We are born to observe, learn from and freely explore the world around us. Play is
departure from the routine that arouses curiosity, delight, and a feeling of fun. We play
with thoughts, things and each other. We learn through active play that is structured (with
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rules and outcomes) and unstructured (open ended exploration). Our exploration nurtures
our curiosity and our need to know.

Figure 12 Students designing their school’s new nature playscape, NEXT.cc

There are many kinds of play and play evolves differently in different culture. There is
play with materials and nature called sensory play or free exploration. Building and
creating is constructive play. Dress up or fantasy is dramatic play. Game play offers
endless variety of play with and without props. Functional play is active play- running,
sliding, climbing, etc. Play is fun, but it is also vital adaptation to our environment. It
prepares us for life, translates and transcends conflict and helps us develop socially,
emotionally, cognitively, and physically! Play and play exploration is a powerful
mechanism for connecting students with places, inside and out of their schools.

Figure 13 Outdoor Classroom Journey, NEXT.cc

Outdoor Classrooms as Places
All schoolyards should have outdoor classrooms. Everything that can be learned inside
can also be explored outside. Outdoor classrooms allow for breaks in between interior
learning. They open the wonder of the changing sky, exposure to animals and nature,
affinity with the out of doors. Outdoor classrooms can be simple settings of natural
wooden stumps set in a circle or a landscaped grove of trees. They can be urban
agriculture beds and hoop houses. They can be reading benches along a south facing wall.
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Outdoor spaces reinforce in young people that living in this world is in relation to nature.
Being outside is as important as being in designed environments. As John Dewey writes,
‘the most important attitude that can be formed is that of desire to go on learning’
(Experience & Education, p.48). If outdoor and community experiences are not offered
during the formative years as learning environments, many individuals will lose the
opportunity to fully experience or understand the wonders of the built and natural worlds.

Markets: Flea, Flower and Farm as Placemaking
Markets are essential public spaces. Markets bring people outside, into the streets, and
encourage interaction. Full of colour and life, they attract music, multi generational
citizens, locals and visitors. In many cities, plazas or open hard surface areas are sites for
rotational markets. Markets offer fresh local produce and goods. Craftspeople sell
homemade wares cultivating micro economies. Many markets are temporary, setting up
pole and tent booths once or twice a week. Some cities have permanent and even
historical market spaces. Covered halls adjacent to open plazas or esplanades with
fountains, landscape, seating and play areas create an instant cultural and commercial
attraction. Asking students to imagine a farmers’ market in their city, town or
neighborhood opens up imagination. From summer fairs to safety fairs to fashion shows,
schools can organize and activate many kinds of events once a place has been recognized
as a market.

Pavilions
Pavilions are free-standing structures in the natural or urban landscape. They are
objects of pleasure. They invite repose, recreation, and relaxation. Pavilions are
unexpected places that engage our senses and surprise us. They are destination points.
People created and enjoyed Classical temples, grottoes (caves), waterfalls, wind towers,
orangeries (greenhouses), tea rooms, stage sets, small amphitheaters, tree groves, trelliage
rooms, fountains, etc.. Urban pavilions are wind towers, farmer markets, information
kiosks, ticket booths, band shells, music stages, bike stations, cafes, theaters and more.
Pavilions sometimes are temporary and known as ‘pop-ups’. Some pavilions are moveable
and can be transported to other destinations. Other pavilions are built as permanent
structures and become part of a place’s character, identity and heritage. Pavilions express
culture of the time, place, and climate. They attract visitors day and night and through
changing seasons. Usually, but not always, they are open air. While some pavilions are
demure (quiet), others call out for our attention. Some pavilions are intimate spaces for
one or two people while others hold thousands. Big or small, pavilions create a sense of
place and pull people together (NEXT.cc, 2014). Giving students the opportunity to design a
community pavilion introduces design thinking, research and making with scale, structure,
form, climate response and cultural sensitivity.

Pop Ups
Pop-ups are temporary, or short term, insertions into interior or exterior spaces. Popups transform conditioned perception of spaces adding new excitement and creating
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instant destination. Pop-ups may be seasonal (like an ice skating rink or raised bed
gardens) or may be a one time event like an outdoor play stage. Pop-ups animate and
activate low energy areas in new and surprising ways. Pop ups can be as temporary as
chalk hopscotch running across communities on sidewalks. They can be seasonal corner
popcorn or ice cream wagons. They can be puppet plays or mime acts. Some pop-ups
involve objects. Some involve systems. Some involve architecture. Paris river vendors are
pop ups that open in good weather to sell antique posters, prints, books and cards. New
street parks that take over parking spaces in the summer and create mini parks are a good
example of pop ups reactivating inactivated spaces! Farmers Markets and Flea Markets are
pop ups that set up booths. Exercise parks are popping up in parks as unloaded kits of
equipment and mats and signage drawing people outside to exercise and learn about
healthy movement. Flash mobs are musically invading static food courts, train stations and
parks. Pop-up happenings might be giant inflatables that react to music. Designing and
fabricating pop ups involves short-term structures for storage, service, mobility and
construction. Students explore ideas about the need and social interactivity of pop ups in
their community and contribute to temporarily transforming spaces. Pop ups bring new
activities and newcomers together. Best of all, pop ups are surprising and loads of fun!

Site Analysis and Programming
Site analysis as an investigative process opens up strengths and weaknesses,
constraints and potential of chosen corners, vacant lots, parks and other latent properties
in a neighbourhood. Site programming studies potentials for place making destinations,
testing opportunities to attract diverse populations and introduce seasonal activities.
Students expand understanding of what can be accomplished by having and championing
ideas. Site programming looks at possibilities of functions, destinations, activities and
users. It overlays points as destinations, lines as paths and fields for playing, picnicking,
games, enjoying nature, etc. Students conceive a variety of functions that can occur varying
the experience of the place overtime. They brainstorm and suggest day and night activities,
things for different populations to do, and events for varying weather conditions.
John Dewey, in Experience & Education, champions experiential learning as a necessary
part of schooling that engages students in their environments. Place-Based Project
Learning is a pedagogical approach that captures teacher and students’ imaginations while
it develops an ethic of engagement and a stewardship of care. Allowed and encouraged to
ask questions – “Where am I? What kind of place am I in? How do I in this place find my
place in the world? How do I see this place? How do others see it? Place-based learning
involves connecting teachers, students, classrooms and schools as participants in the life of
their communities. The Eco Literacy Foundation lists several key points for successful placebased experiences:
 Learning takes place outside of the classroom on the school campus and in the school
community
 Projects have relevance and contribute to the wellbeing of a community
 Place-based projects integrate back into classroom lessons.
 Students want to learn to apply their knowledge to solving real problems.
 Students play an active role in defining and shaping projects. Students collaborate
with local citizens, organizations, agencies, businesses, and government. Working
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alongside community members, students help make plans that shape the future of
their social, physical, and economic environments.
 Students shape and define projects. Collaborating with local citizens, organizations,
agencies, businesses, and government, they work with community members in
proposing and shaping ideas for that contribute to the future of their social, physical,
and economic environments.
 Students are introduced to their community as part of a larger ecosystem and asked
to look at relational components that define and support better quality of life.
 Mapping their school and surrounding community in a variety of data sets builds
understanding about the multi variant and bio diverse nature of communities.

Figure 14 Students and Teachers Learning Together: Photo credits: Lkeane, MKeane, YKim

Citizen Designers
Design THIS Place defines citizen agency in developing, understanding and affecting the
built environment. Imagination knows no age or cultural boundaries; it needs nurturing.
Awareness is an important first step to engaging with a place, thus creating the placebased learning experience. (Figure 14) Today most school students have been introduced
to notions of rainforest depletion or glacier melting; yet most of these same students could
not name the grasses, trees, birds, or insects on their school grounds nor tell the style of
their house. Most walk or drive by buildings classifying them only as old, new, ugly or
empty. This low level of engagement and understanding contributes to a dematerialization
of urban fabric. It can be improved when schools adopt more critical and creative
community connections. While most states require study of local subjects, supporting 4th
grade common core standards, learning directly about the history of their own city, about
its founders, residents and products and state identity is a relatively short subject with
deeper or repeat investigation in higher grades left to the individual.
Sense of place can be defined as a place with a purpose. It involves study of the
ecological history of land, climate and human involvement over time. Investigating the
current condition as context, it is essential for students to question its current state as
relevant and appropriate for a sustainable future beyond the life of the classroom.
Integration of place based design projects throughout K-12 and even K-16 allows students
to connect and build relationally with select locations at specific times over time with
specific problems to solve; it, in its connectivity, empowers students to act as agents of
change in envisioning improvements. Students learn from what has been designed, what is
positive and negative, what is wondrous and what is wasted. By observing, analyzing and
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evaluating, students and teachers develop critical awareness and ability to place value on
their everyday surroundings.

Praxis as Source of Knowledge and Creation
Only human beings are praxis- praxis which as reflection and action truly transform
reality and is the source of knowledge and creation. (Freire, 1970)
Placing value inculcates connection and the beginnings of an ethic of care. Armed with
this experience, students better conceptualize the need for change and gain confidence in
suggesting alternatives to what exists. Encouraged, students generate an identity with a
place, and activate relationships of interest and compassion with the very places of
childhood. Rather than teacher narrative information taught and tested, like well-read
books, connections with spaces and buildings continue developing reflections and
understandings beyond the book’s closing or the project finishing. Students pass these
spaces and buildings in their community and that once established acquaintance continues
to relate to them as they grow and mature.
Place-based learning with its full-bodied experience provides stimulating associations
and develops relational experiences. Place-based learning demands heightened
observation, diverse documentation strategies, and provokes a variety of responses. It
offers young people the ability to ‘be’ and to ‘become’. Learning to ‘read’ buildings is to
see their facades as sets of diverse physical elements with ethnographic and
anthropological messages. The character of styles, and craft of construction expands
vocabulary and deepens understanding that history in place is significant. Active learning in
local contexts lays the foundation for entrepreneurialism (Gladwell, 2008).

Built Environment Education for the Better Good
With the exception of a dozen notable architecture and design schools in the United
States, the majority of built environment education for K-12 is offered through
Architecture and Design Centers and museums. The National Building Museum in
Washington DC, The Salvadori Center in New York City, and the Cooper-Hewitt National
Design Museum are notable examples. While publications like The Wacker Manual and
other public Architecture curricula have appeared here and there throughout last century,
introduction to learning from school communities is not the focus in most schools. It is also
not a consistent component of teacher education. The State of Washington has a rare
Architecture and Construction Career Cluster that offers hands-on curriculum connected to
careers. The ACE MENTOR Program, founded by architect, Charles Thornton, matches high
school students with mentors in cities across the United States; local non-profit chapters
raise funds for scholarships for attendance at architecture, construction and engineering
programs upon completion of an after-school course. The Chicago Architecture Foundation
initiated A+DEN, the Architecture and Design Education Network (2006) to network
organizations offering built environment opportunities and education; it expanded its one
hundred member constituency into a global network, AAO Association of Architecture
Organizations, to widen dialogue and increase appreciation of architecture and design. The
Association of Collegiate Schools of Architecture has an on again off again K-12 Committee
focusing on education. The American Institute of Architects’ Committee on Education
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Architecture works with school communities to design and refurbish schools and school
campuses with some firms engaging the school community-teachers, students and parents
in renovation or design. The U.S. National Design Policy Initiative’s roundtable conference
in 2009 resulted in an educational non-profit, DESIGN–Ed, which connects teachers with
design education programs. These positive efforts aside, the United States still lacks a
comprehensive built environment education policy and an active architecture and design
education committee to prepare educational initiatives, train teachers and provide
accessibility to all schools.
In an effort to supplement this void, and in response to ConnectED initiatives, architects,
college students and K-16 teachers and administrators created NEXT.cc’s DESIGNopedia
with place-making projects for remote classrooms. NEXT.cc introduces systems thinking
through human design intentions across nine connected scales- nano, pattern, object,
space, architecture, neighborhood, urban, region and world. ELearning motivates
academics by priming students’ interest before class instruction, expanding in class
learning with student-directed projects, and extending focus with links to museum
interactives, virtual field trips and contemporary art, science, and built environment
practices. NEXT.cc deepens student-led inquiry in the way designers work. Students and
teachers leave the classroom to learn out in the community. Studying patterns and
meaning, data and first hand observation, participants become explorers of the world.
Place Based Elearning opportunities support students in practicing academic foundations
with bigger picture relevancy for directed and testable instruction. With middle school
students using smart phones, tablets and computers, place-based education appeals to
digital users who socialize, game and do homework with online support.
There is a growing body of research on the benefits of place-based learning. Among them:
higher test scores, better grade point averages, improved classroom behavior, increased
self-esteem and problem-solving abilities, and higher-level thinking skills (Center for
Ecoliteracy, 2015).
It is the right of every citizen to have access to quality environments. Engaging young
people in the very places in which they live and learn is essential for developing urban
stewards. Caretaking buildings, spaces, streets, parks, and neighborhoods, locally, is
important, especially in today’s global and mobile society. As Architecture Policy moves
toward proactive planning anticipating needs and opportunities rather than answering to
developers’ demands alone, education is charged in connecting its public to look to design
of places with social, cultural, technological and environmental responsiveness. Citizen
Architects understand and value the role that successful community places contribute to
urban identity, prosperity, and liveability.
In closing, education has a responsibility to rethink and redesign itself. Place-based
Education is a new necessity that prepares young people to take charge of changing
historical behaviors to ones that ecologically face the future. Future leaders can be better
prepared to address the society’s complexities by experiencing first hand local issues.
Placemaking and built environment education bring students and teachers out into the
community and bring the community into the school cultivating a culture of collaboration
and caretaking.
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Abstract: A heightened awareness of energy efficiency has led to a re-emergent
interest in passive design strategies, such as natural ventilation and
daylighting, for high-performance buildings. These buildings are designed to
decrease energy use by actively engaging occupants in maintaining visual and
thermal comfort within their interior environments. Daily sky conditions, climate,
location, occupant preferences, and building orientation may all influence how a
particular building is operated. Therefore, people must know how to effectively
operate passive design controls to maximize both occupant comfort and building
energy use outcomes. However, occupants are rarely taught how to inhabit and
use these high-performance buildings. Some occupant training efforts exist,
but have not proved effective for educating adult learners. A high-performance
building’s passive design features are interactive in nature, and therefore,
inherently create opportunities for reflection and action. Through the synthesis
of literature review and selected case studies, this paper argues that (1)
occupant education efforts could be strengthened through interactive
experiences, and (2) design features and technologies could be leveraged to
maximize occupants’ learning outcomes. Case examples from exemplar
buildings illustrate how design, technology, and targeted education efforts
can enhance learning and shape the occupants’ behavioural responses and
awareness of energy use in buildings.
Keywords: high-performance buildings, passive design, occupant education,
design thinking
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Introduction
Rising concerns surrounding global climate change have sparked an energy efficiency
revolution in commercial buildings, both nationally and internationally. As a result, highperformance office buildings have become more prevalent. A high-performance building is
“more energy efficient, durable, intentionally optimizes all installed systems, and promotes
health and productivity for its occupants” (National Institute of Building Sciences, 2005). To
maximize potential energy savings in these buildings, many designers have demonstrated a
re-emergent interest in passive design strategies, such as natural ventilation and
daylighting. Passive design strategies are effective for reducing energy use in buildings
from lighting and mechanical heating, cooling, and ventilation systems if they are operated
as intended. Yet, there are many factors that can affect the operation of passive design
strategies within a building, such as climate, building orientation, location, time of year,
and the users themselves. For instance, a building in Seattle, Washington (a cloudy and
rainy climate) would likely implement passive design strategies differently than a building
in Phoenix, Arizona (a hot and dry climate).
Furthermore, most commercial building occupants are accustomed to conventional,
mechanically controlled buildings, where little engagement is required. Passive design
strategies (i.e. daylighting or natural ventilation) are designed to significantly decrease a
building’s energy use, but their implementation may also have adverse impacts on overall
energy consumption if (1) occupants do not understand how to operate building systems
effectively, or (2) if occupants are not actively engaged. For instance, a window blind left
open on the south side of a building during a hot summer day may contribute to excess
heat gain, requiring additional mechanical cooling. Alternatively, an operable window left
open overnight during the cold winter months would lead to unnecessary building heating;
in either scenario, the occupant plays a major role in the overall building’s energy-use.
However, these seemingly common-sense ideals, are complicated in commercial buildings
where occupants are not paying the energy bills, the building’s culture may not support
these actions, and where individuals may not feel the same sense of control over their
environment as they might in their own homes (Ehrhardt-Martinez, 2011).
If a building is intended to function in a high-performance way, then the design must
facilitate this goal; likewise, the occupants must know how to behave in ways that support
and enhance these high-performance features. Architecture alone cannot achieve energy
reduction goals in buildings; it requires altering human behaviour (Janda, 2011).
The purpose of this paper is to synthesize relevant literature with case examples to
better understand effective strategies for occupant education within high-performance
buildings. The paper is outlined as follows: First, a theoretical framework, grounded within
seminal design thinking literature, is first presented to better explain the complex nature
of occupant education in high-performance buildings. Second, a brief literature review
outlines aspects of the learning process and characteristics of adult learning. Next,
selected cases from the literature demonstrate ways in which the building’s design can be
used as a tool to teach occupants about energy efficient behaviours. In addition, adult
learning principals, as defined in the literature, are applied to a high-performance building
example to better understand how we can effectively teach occupants how to interact
with their building to maintain visual and thermal comfort. The final discussion integrates
each of these concepts to illustrate how design, technology, and targeted education
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efforts can enhance learning and shape occupants’ behavioural responses and awareness
of energy use in buildings.

Theoretical framework: Design thinking
The ever-changing climatic conditions in high-performance buildings require occupants
to constantly engage with passive building controls to maintain both visual and thermal
comfort. These constantly changing environmental conditions, and the resulting
interactions with passive design features, can be likened to design in many ways, which is
explored in the following sections.
According to McDonnell (1997), design is a work of interpretation. “Evaluation of
alternatives during design can be seen as testing the ‘fit’ of a design alternative to the
design problem as it is currently framed” (McDonnell, 1997, p. 468). There is a reflective
nature to the design process in which the designer must frame and reframe a problem to
find the best solution (Schön, 1983). In a high-performance building, for instance,
temperatures may shift more dramatically than those in a conventional, mechanically
controlled building. The exterior conditions can easily affect the interior conditions, and
occupants may have to “reframe” their environment to meet their thermal comfort needs
and preferences.
Simon (2001) coined the term ‘satisfice,’ which is a blend of satisfy and suffice; this
relates to finding an acceptable design solution that satisfies both the “inner” and “outer”
environments. In the context of this research, an acceptable training scenario would be
one that successfully teaches occupants to engage with the constantly changing
conditions, driven by both human behaviours and natural forces (the inner and outer
environments).
Oxman (1997) posited that a designer must understand the underlying content before
they are able to reason with design. This concept can also be applied to occupants in high
performance buildings in that occupants must understand how and why (or why not) they
should interact with the building before they will be able to successfully alter the building
conditions.
Understanding the nature of design problems and processes provides a context in
which to frame the problem of occupant training in high-performance buildings. Effective
training programs, and the design of high-performance buildings themselves, are both
examples of ill-defined or wicked problems (Rittel & Webber, 1974). A successful training
program in one building may not be successful in another. There is no single solution to an
occupant training program as building designs, climate types, application of strategies,
cultural, and social factors all contribute to the complexity of this issue. Training can call
attention to energy saving strategies, but occupants may react to the design and behave in
different and unexpected ways, further complicating the problem and a clear solution.
Therefore, leveraging unique design features in occupant training scenarios is one way to
approach this ‘wicked problem.’ Linking the actual building design to training and
instructed behaviours may alleviate some of these unpredictable factors. However,
producing a design that motivates occupants to learn can also be a difficult undertaking.
The next section will discuss similarities between the processes of design and learning.

Parallels between the design process & the learning process
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The learning process is reflective, enhanced through re-representation, and builds
upon existing knowledge and experience. Mezirow (2000) defines learning as “the process
of using a prior interpretation to construe a new or a revised interpretation of the meaning
of one’s experience in order to guide future action” (p. 5). The learning process is similar to
the design process as it is enhanced through “re-representation” (Schön, 1983).
In design, re-representational structures, such as sketching, are integral to the design
process. Learning can also be enhanced in a similar manner. For instance, if an individual is
taught something verbally, retention and overall learning can be strengthened if they can
re-represent the concept in a visual or interactive way. Halpern and Hakel (2003) reported
that people process information in two distinct ways, visuospatially and auditory/verbally.
They posited that information delivered and stored in both visual and auditory formats is
more likely to be remembered.
Gardner’s (1983) theory of Multiple “Intelligences” also supports the concept that
multiple and varied strategies for teaching may enhance learning. His theory was
developed to explain different kinds of intelligence, which varied from a traditional IQ
perspective, He identified eight dimensions of “intelligences”: verbal and linguistic, logicalmathematical, bodily kinesthetic, visual and spatial, musical, interpersonal, intrapersonal,
and naturalist (Gardner, 1999). Each different category represents a different capacity for
intelligence. “...instruction should entail far more than a verbal/linguistic presentation of
ideas, and include experiential opportunities that enable people with varying types of
“intelligences” to be successful” (Zemke & Zemke, 1984, p. 25).
This particular concept is also relevant to this research because it further supports the
integration of verbal, written, visual and experiential elements in an effective training
model for high-performance buildings; furthermore, the design itself can be utilized to
enhance all of these aspects and to provide opportunities for interaction and learning. The
next sections identify characteristics and key principles of adult learning.

Characteristics of Adult Learning
Lieb (1991) identified four characteristics critical to adult learning: 1) motivation, 2)
reinforcement, 3) retention, and 4) transference, which are further explained below.
Motivation. Motivation directly relates to the first principle of adult learning. Adults
must understand why they are learning. If individuals do not see the reason for learning, or
how it directly affects them, then they will not be motivated to learn. Motivation can also
be related to feedback, rewards, and incentives (Lieb, 1991). Creating a feedback loop is
essential for occupants when learning how their behaviours affect the building so they can
directly see how their interactions enhance the overall performance and comfort of their
space (Brown, Cole, O’Shea, & Robinson, 2009; Ehrhardt-Martinez, 2011). Feedback can
also be beneficial for designers to understand the overall building performance and
effectiveness of chosen strategies so lessons can be learned when designing future
buildings (Vischer, 2009).
Reinforcement. In education, learning through positive or negative behavioural
outcomes is referred to as reinforcement (Shephard, Jackson, & Groom, 2014). When this
concept is placed within the context of a high-performance building, an occupant may
learn through positive or negative reinforcement when interacting with a passive design
system, such as daylighting controls. For instance, if someone chooses not to interact with
the daylight controls or shades, then their space may be too bright or too dim -- both of
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which are negative outcomes that may result in glare or visual discomfort. If they do
choose to actively engage with the daylighting system and controls, then through trial and
error, they will learn to create their ideal lighting environment, which is an example of
positive reinforcement.
Retention. Retention is linked to the amount of practice during learning. When
teaching new concepts, one should include interactive activities and direct applications to
enhance retention of information (Lieb, 1991; Zemke & Zemke, 1984). Additionally,
Edmunds, Lowe, Murray, and Seymour (1999) posited that people retain more knowledge
when they must process the delivered information with more than one sense (i.e. visual
and auditory). “Presentations that are multisensory ... in combination with interactive
activities will increase learning and retention for most adults” (Edmunds et al., 1999, p. 2).
When this theory is applied to occupants in high-performance buildings, then it would be
more likely that occupants would better learn and retain information if the training
method included interactive and “hands-on” activities within the building.
Transference. Transference, or the transfer of learning to new contexts is the desired
outcome of any training program. This occurs when participants are able to effectively use
the previously taught information in a new setting. There are two types of transference,
positive and negative, which is similar to the concept of positive and negative
reinforcement. Positive transfer of knowledge occurs when a person successfully uses a
taught behaviour that results in a positive outcome. Alternatively, negative transference is
when a person does not behave in a way they were told to behave, which results in a
negative outcome (Lieb, 1991).
There are three factors that may increase the transfer of learning: (1) the initial
learning experience, (2) motivation, and (3) the context of learning. In terms of the initial
learning experience, individuals need to actually understand the material as opposed to
memorization (Bransford, Brown, & Cocking, 2000). Motivation, as discussed above, is
another way to increase the transfer of knowledge. If people are motivated, then they are
more likely to engage with the learning experience. Social influence may also be an
effective way to motivate people to learn as well since people may want to do something if
they see someone else doing it first. Finally, the context of learning is important for
transference of knowledge (Bransford, Brown, & Cocking, 2000). In the case of training in
high-performance buildings, a successful transfer of learning would likely occur if
occupants were able to successfully interact with the building to achieve desired outcomes
for both personal comfort and building performance. Simply delivering a verbal directive,
as opposed to providing interactive opportunities within the context of the building, would
be less effective for transference and understanding of controls in high-performance
buildings.
C HANGING ASSUMPTIONS .
Assumptions can be defined as, “comprising those taken for granted ideas, common
sense beliefs, and self evident rules of thumb that inform our thoughts and actions”
(Brookfield, 1990a, p. 177). Critical reflection is essential in adult learning, especially when
one wishes to challenge currently held assumptions. The process of critical reflection,
outlined by Brookfield (1990a), can be viewed as three phases: 1) identification of existing
assumptions underlying current thoughts and behaviours, 2) scrutinizing the validity and
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accuracy of those assumptions, and 3) reconstructing assumptions based on new
knowledge or context.
If an employee has already worked in a conventional office building, then they are
likely to have developed assumptions about how they should act and how the building
should respond. Further experience is required to help them recognize and change these
assumptions (Steinberg et al., 2009). A successful training program for high-performance
buildings would strive to facilitate and trigger this process of critical reflection to increase
the overall effectiveness of occupant learning. One could continuously preach about
energy efficiency, but it is unlikely an occupant’s behaviour will change unless they have
shifted their underlying assumptions about their impact and role in the building’s
performance.

Principles of Adult Learning
The selected population for this research, occupants in high-performance office
buildings, are typically 18 years of age or older, and therefore, require training targeted
toward effective adult learning. Teaching adults can differ from teaching children because
adults are independent, they have already formed many assumptions, they have a larger
base of experiences from which to draw, and they need to have a sense of purposefully
learning something new that will benefit them in some way (Knowles, 1973).
Table 1: Principles of adult learning and teaching
Knowles’ Assumptions of Adult Learning
Adult Learning Principles as applied to Teaching
Need to Know – Adults need to know why they
Identify why training/learning is needed
should learn something, meaning the reason
they need to learn something and how it will
benefit them.
Self-Concept – Adults may fight against others
Allow the learner to challenge ideas and make
imposing their wills on them. They need to be
decisions
regarded as self-directed learners, where they
are responsible for their own learning and the
direction it takes.
Role of Experience – Adults’ experience should
Relate training to experience
be drawn upon in their new learning and the
techniques should utilize adults’ prior
knowledge as a tool.
Readiness to Learn – Adults seek out learning
Focus on real world issues
as a way to better solve real life tasks and
problems.
Orientation to Learning – New learning should
Make learning action-oriented and problem
apply to adults’ life in some fashion.
centered
Motivation to Learn – Internal motivators are
Respect individual differences, cultural
more important than the external motivators
differences and social situations
to adults. These internal motivators can come
in the form of increased job satisfaction, selfesteem, and quality of life.
Note: Table compiled from several sources: Adapted from Fidishun, (n.d).; Knowles, 1974, 1975;
Merriam et al., 2007, p.84; and Yannacci, Roberts, & Ganju, 2006, p.6.
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There are many existing theories and models to describe the common principles and
characteristics of adult learners (Merriam et al., 2007). For the purposes of this research,
the key principles of learning and teaching will follow those outlined by Malcom Knowles’
(1968) theory of andragogy, one of the most comprehensive and well-known theories of
adult learning. Knowles’ assumptions, later adopted as principles (Merriam et al., 2007),
are outlined below in Table 1. The left column identifies the principle of adult learning, and
the right column identifies ways in which one could apply these principles to an effective
teaching scenario.
The concept of andragogy has been criticized for lacking the fundamental
characteristics of a “science” because of the limited amount of empirical evidence that has
been produced (M. Kroth, personal communication, February 13, 2012). However, for this
research, it is not the intent to view andragogy use as a “science,” but rather, as a
theoretical framework for adult learning.
A DULT L EARNING P RINCIPLES & T RAINING FOR H IGH - PERFORMANCE B UILDINGS
Learning, as a whole, is considered to be a reflective and continuous process
(Brookfield, 1990b; Merriam et al., 2007), so occupant training for high-performance
building strategies should be structured to facilitate this process. To truly maximize energy
savings, occupants need to understand specific strategies and corresponding behaviours as
they relate to the building they inhabit (Cole & Brown, 2009; Janda, 2011). Therefore,
based on the characteristics and principles of adult learning, a successful training program
should (1) incorporate multiple types of delivery methods to support learning and multiple
“intelligences,” (2) provide opportunities for experiential learning through an interactive
approach within the building context, (3) encourage learning through techniques to
facilitate motivation, reinforcement, retention, and transference, and (4) explain the
rationale behind the need for training in the first place (i.e. occupants should understand
that the building owners have aggressive energy reduction goals and how their actions
directly affect the energy use of the building). The next section provides a brief discussion
for how occupants might learn in and from the built environment.

Learning in and from the built environment.
It is possible that occupants can be taught about energy efficiency in general in singular
training sessions, which may have little to do with their particular building. However, to
truly maximize energy savings, occupants should understand specific strategies and
corresponding behaviours as they relate to the building they inhabit (Cole & Brown, 2009;
Janda, 2011). Delivering a singular training session does not ensure that occupants will
actually learn. However, targeted training sessions can be paired with experiences and
interactions within the designed environment to elevate the learning process.
Learning can take place in multiple ways within the built environment (Orr, 1993).
Individuals can learn about energy efficiency through verbal or written means, such as
informative signage and organizational presentations, or through experiences fostered
through the building’s design itself.
... education about building performance needs to go beyond energy meters and
monitors. If the goal [is] to prepare people to accept more responsibility for their role
in the built environment, education should be much more comprehensive, integrated,
hands-on, and iterative. (Janda, 2011, p. 19)
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In particular, learning can be enhanced through interactive behaviours and experiences
as “...knowledge is continuously derived from and tested out in the experiences of the
learner” (Kolb, 1984, p. 27). Moreover, a beautiful or unexpected design, one that
engages and intrigues its audience, may motivate building occupants to choose to learn
and alter their behaviours in a way that benefits the building’s overall energy
performance. It is quite possible to use the building as a learning tool.
There are a few exemplar buildings that have successfully integrated both function
(energy efficiency and building systems) and form (building design and aesthetics) in a way
that advances occupants’ knowledge of the natural elements and high-performance
strategies within the building. It is this awareness that can motivate interactive occupant
behaviours and engagement with the building systems, as “...good design can extend our
imagination about the psychology of learning” (Orr, 1993, p. 227). The case study examples
from the literature below illustrate some of the ways in which design features can serve
both functional and aesthetic purposes that contribute to learning.
GENZYME CENTER : CAMBRIDGE , MA .

The Genzyme Center uses multiple high-performance design strategies. Employees are
trained before they begin working in the facility, and educational monitors educate both
employees and building visitors (Genzyme Corporation, 2008). The unique aesthetics and
designed elements in the space motivate occupants to interact with the building. For
instance, there are large mirrors on the roof called heliostats that move around
throughout the day to reflect the sun onto fixed mirrors and then into the atrium. A large
mirrored chandelier in the atrium is used to bounce light further into the lower levels of
the atrium, as this is the most difficult area to light from above (Behnisch Architekten,
n.d.). This design not only decreases the need for electric light, but it creates a dynamic
lighting feature that connects the occupants to the natural lighting source and reminds
them of changing light conditions.

Figure 1: Diagram of heliostats and atrium & photo of atrium light feature (Photo credit: Behnisch
Architekten, n.d.)

MANITOBA HYDRO PLACE : WINNIPEG , MANITOBA .
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The Manitoba Hydro Place is another example of a high-performance building that uses
design features to motivate and educate occupants. For example, the atrium water
feature30 is not an interactive building strategy that requires training per se, but it does still
facilitate opportunities to educate occupants and the surrounding community about the
specific energy efficient elements within the building. The water feature is six stories high
and serves to humidify and dehumidify incoming air before it is distributed to other
interior spaces. “During warmer, moist weather, water running down the water feature is
cooled...[and] moisture in the air is absorbed into the water feature.... In the winter, the
process is reversed” (KPMB Architects, 2009).
Although the examples above illustrate the use of design elements as learning
moments, they are somewhat lacking in terms of active engagement. There are several
buildings that have truly aimed to integrate the building design as an educational tool. Two
buildings, the National Renewable Energy Laboratory’s (NREL) research facility and the
Manassas Park Elementary School and Prekindergarten (MPES), were selected to provide
examples of differing approaches to using the building’s design to educate occupants.
& PREKINDERGARTEN ( MPES ): MANASSAS PARK , VA .
The MPES is a LEED Gold high-performance public school in Virginia. The building was
intentionally designed as a learning tool and educational ecosystem. “Design decisions
were made with the specific goal of showcasing as many teachable moments as possible”
(Knox & Davis, 2010, p.44). This particular school is a prime example of a building that uses
its design to not only educate its occupants about the building’s sustainable features, but
goes one step further by actually teaching occupants about sustainability and the
environment in general.
MANASSAS PARK ELEMENTARY SCHOOL

...green lights signal it’s time to open the windows. A gage on a cistern shows the rain
water level. A bioretention area doubles as an outdoor classroom. Even the pipes of
the HVAC system are painted red and blue to mimic illustrations of veins and arteries in
human bodies. (Knox & Davis, 2010, p.37)
Students and teachers learn about the building systems through the interactive nature
of the buildings in addition to informational plaques that explain the building features.
Occupants can be reminded of the high-performance strategies and understand the overall
purpose for each. The image below illustrates how informational signage and instruction of
design strategies were incorporated within the building.

30

Copyrighted images and a video can be found on the architect’s website:
http://manitobahydroplace.com/Integrated-Elements/Water-Features/
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Figure 2: Informational Plaques at MPES (Photo © Sam Kittner)

Although the MPES example is a school, and not an office building, many of the elements
in the design, such as those illustrated in the image above, could potentially be leveraged
as effective strategies for adult learners in high performance buildings as well.
NREL HEADQUARTERS AND RESEARCH SUPPORT FACILITY :

G OLDEN , C O .
The NREL headquarters and research support facility (RSF) in Golden, CO is another
example of how design and education can work in tandem to achieve energy savings. In
this case, occupants were initially trained about energy saving strategies prior to moving in
to the building, and design elements, such as red and green signals, daylighting systems,
and operable windows, work seamlessly with technology to create a feedback loop and
reinforce building literacy. The following section describes the building’s design and
educational efforts within the framework of the adult learning principals previously
identified.

A case study application
The NREL has used their facility’s high-performance features, along with an aggressive
occupant education program, to reduce the building’s overall energy use (Carlisle,
Johnson, & Mooney, 2011). The effort has been successful in realizing the company’s
NetZero energy goals (Press, Lobato, Drexler, Torcellini, & Judkoff, 2011). In the next
section, an overview of NREL’s RSF is briefly introduced to provide an example of a
successful occupant education program. The adult learning principles, as identified in the
paper above, have been applied to aspects of NREL’s RSF occupant education efforts to
illustrate how these principles might be understood within the context of occupant
education in high-performance buildings.
NREL’s RSF facility is one of the most energy efficient buildings built to date, and
occupants play a large role in the overall energy outcomes (NREL, 2014). The NREL RSF
occupant education efforts represent a prime example of a training program tailored to
the specific building, which incorporates all six of the adult learning principles in some way.
The following occupant education strategies were identified through the literature review,
presentations, and a confidential interview with an NREL employee (Carlisle et al., 2011;
Press et al., 2011).
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Principle 1: Identify why training/learning is needed. Occupants were informed about
the aggressive energy goals and introduced to some of the energy saving strategies prior
to moving in to the building. Goals and strategies were communicated to occupants in a
variety of ways through employee newsletters, posts on the internal RSF web page, a
brown bag lunch series, workstation prototype tours, an open house, YouTube videos, Etraining, and blog polls.
Principle 2: Focus on real world issues. As an energy research laboratory, NREL
considered training for energy efficiency very important for sustainability at a global and
organizational level. Occupants were well informed about the energy objectives of the
company, and leaders at NREL and the Department of Energy (DOE) enforced these
objectives. As such, learning about energy efficient behaviours became a very “real world”
problem for employees.
Principle 3: Allow the learner to challenge ideas and make decisions. In NREL’s RSF,
each employee has access to an interactive computer program that allows him or her to
report general concerns surrounding their environment (i.e. too cold, too hot, too bright,
etc.). This provides valuable data to the building operators regarding occupant comfort so
building systems can be altered if necessary, and it also allows employees to play an active
role in thermal and visual comfort decisions. Employees are able to control the natural and
electric lighting conditions and operable windows from their computers to make their own
decisions regarding their comfort throughout the day.
Principle 4: Relate training to experience. As previously discussed, NREL employees
from various existing buildings were brought into the new facility upon completion. Before
occupying the new building, employees were informed of behavioural and operational
changes that were to take place in the new building. In some instances, it was explicitly
stated that behaviours would have to change to accommodate the aggressive energy goals
in the new facility. In this way, employees were taught how and why some of their past
experiences and interactions in other buildings were no longer applicable to the new
building. In other words, past experiences were expressed as examples of “incorrect”
behaviours. Occupants in the new facility were also able to interact with many of the
design elements within the building (operable windows and blinds), which created learning
experiences through continued interactions. These responses to daily thermal and visual
conditions facilitate foundational interactions and experiences within the new building, so
that occupants can better understand what works (and what does not) with regard to the
building features.
Principle 5: Respect individual differences. One way NREL was able to respect and
respond to individual differences was through the implementation of “ask.rsf@nrel.gov.”
Employees were able to express concerns before and after move-in to the facility. Many
employees were worried about issues surrounding privacy, noise, lights and health issues.
The website allowed employees to ask a question and receive immediate feedback. For
example, one employee asked, “can you let us know which windows will be operable and
maybe those who have asthma and allergies can sit further from those open windows”
(Carlisle et al., p. 18). All employees were able to see these informative posts and
corresponding responses surrounding building changes and training, creating additional
learning and feedback opportunities. Certain design features were also created to
accommodate and relieve some of the common concerns such as the “Huddle Room” (for
privacy and noise reduction).
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Principle 6: Learning should be action oriented. Design elements, such as red and
green lights, daylighting systems, and operable windows, work in tandem with building
technologies to create a feedback loop and signal system to occupants. When the outside
air temperature is conducive to energy savings, a green light signals to occupants that they
may open the windows for natural ventilation. Technology has been integrated within the
design to encourage interaction, support occupant feedback, and to further occupants’
understanding of the building systems.
The strategies mentioned above have been widely successful for NREL, and their
NetZero energy goal would not have been possible without occupant training. “Even with
high-performance, innovative building features, we have found that 30% of building
performance is related to occupant behaviour” (Carlisle et al., 2011, p. 24). The
outstanding energy performance is a testament to how well the training program has
worked thus far.
However, these strategies may not be effective for all organizations or buildings. First,
the majority of NREL employees are already familiar with energy implications since they
work at an energy laboratory; their knowledge base surrounding energy in buildings is
beyond what other companies’ employees may possess. Second, the company had a
chance to prepare occupants before move-in in terms of what to expect since the RSF was
new construction. The training approach and methods identified in the example above
may need to shift for other buildings depending on organizational cultures, existing
knowledge, building types, and even geographical location.

Discussion
Buildings are becoming more sustainable through the rediscovery of passive
architectural strategies and new design technologies such as daylight harvesting systems
and mixed-mode ventilation. This shift toward sustainability is particularly evident in highperformance buildings, which are designed to allow occupants to respond to daily and
seasonal changes through adjustments of windows, blinds, lighting, and other manual
controls (Brown et al., 2009). However, it seems as though buildings are evolving more
quickly than the occupants themselves. Occupants who might be used to working a certain
way in a conventional office building may not be able to continue previously learned
habitual behaviours in a high-performance building. For instance, a computer left on
overnight, a window left open, or bringing in a personal space heater may no longer be
options if occupants shift to working in a building where the owners have set aggressive
energy use or conservation goals. The problem is further complicated because building
systems are typically commissioned to ensure they are functioning properly, but occupants
are not (Theodorson, 2011). In other words, building systems are tested when they are
first installed to confirm if they are working as intended. A daylight harvesting system
would be tested after installation to check if the sensors were accurately responding to
daylight levels and turning off and on as expected. However, it is extremely rare to assess if
building occupants are “functioning properly” in terms of their behaviours and interactions
with the building systems.
To create effective learning opportunities and to meet energy reduction targets, it is
important that all parties involved are integrated and share the same goal. For instance, a
building could be designed to be energy efficient, but a complete lack of occupant training
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of any passive systems would not maximize the building’s energy savings potential.
Alternatively, occupants could attend three months of training surrounding energy
efficient controls, but this would likely be of no value if the building were not designed in a
way that allowed or prompted occupants to exercise these principles. Instead, a truly
integrated educational approach, one that takes the building design, systems, and
occupant behaviours into account, would offer the most successful end result. NREL’s RSF
occupant training program and design features offered a prime case study example of an
integrated and successful occupant training approach.
Ultimately, the onus of energy efficiency does not rely solely on the occupant, nor does
is exclusively rely on the designers or educators. The issue is much bigger than simply
teaching someone about energy; it is necessary to transform the way in which occupants
interact with and understand their buildings to maximize both occupant comfort and
building energy use outcomes.
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Abstract: There are 2 billions of smartphones on earth. Each has more than 10
sensors, which collect data to localize the smartphone in space and time, to
follow its displacement and to analyse gestures and movements. Through a realtime scientific treatment, the smartphone human interface makes available to
everybody this monitoring of the world around us. This interface based on a
global approach of the connected man is due to design. Interfaces based on new
collaborations between sciences and design, have been developed for
smartphone health applications. In field of education, we have entered building
a new smartphone human interface dedicated to investigation of gesture and
movement at K-12 level. This new program follows the one based on a software
iMecaProf now used to teach physics at university. In real-time and interactively,
it analyses localisation and displacement and represents results on a PC screen
within science formalism. For associated students in design, innovation and
challenge is: “what real-time and interactive representation of smartphone data,
so that K-12 students can discover gesture and movement using gyro and
accelerometer data?” Accelerometer records a trace associated to trajectory but
also to the dynamic of displacement, closely related to rhythm in music and
dance.
Keywords: mobile devices, science education, sciences and design, graphic
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Introduction
Design, Science and Technology are more and more a playground for ‘The making of
contemporary worlds’ (Goodman, 1978). One of the major productions, which is a result of
this synergy, is the smartphone. Smartphones are nowadays 2 billions on earth and they
clearly changed the daily life of people whatever their country, their age, their culture and
way of life. Our research program is here dedicated to studying how smartphones can be
turned into educative tools to explore the world around us (Vogt, 1972). This is done with
science and design students working together.
Scientists of our groups have first produced a user interface named iMecaProf
(Chevrier, 2013) without the help of designers. It is now used to teach physics at university.
In this case, the smartphone becomes a scientific instrument, which transfers, in real-time,
its sensor data to this user interface run on a PC. The pedagogical key advantage is the
real-time and interactive use of the scientific formalism as a tool to analyse collected data.
This highly specialized user interface is based on advanced mathematical descriptions of
concepts such as space, time, trajectory and displacement. It essentially casts the collected
data into a well-established formalism universally shared by scientists. In this case,
scientists alone have been able to produce this user interface for freshmen at university
studying Basic Mechanics. The breakthrough is noticeable. For the first time ever, students
can have their own advanced physics lab at home as long as they are equipped with a
smartphone and a PC to treat and represent data.

Figure 1

a) the smartphone and its charge cable are now a pendulum. A student controls it by
hand and b) can quantitatively follow the situation on a screen in real time using the
formal description of this movement (acceleration and velocity vectors, energy versus
time).

It is possible to scientifically study these concepts using smartphones as instruments
for an excellent reason: necessary sensors monitoring space, time, trajectory,
displacement are at work in smartphones with high-level performances. The reason why
they are embedded in smartphones is that they are needed to insert smartphones in our
daily life. We live and move in a Euclidean space and smartphones probe this with their
sensors. Designers have produced a smartphone user interface that completely hides realtime data collection and the associated scientific treatment, in fact all what we make
apparent for science teaching.
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An impressive result is that the smartphone interactive user interface is used by
anybody with essentially no prerequisite, no a priori knowledge. The basic idea is that
these data after a scientific treatment are available for the human perception through
tactile screened and loud speakers. This is clearly shown in Steve Jobs keynote (Jobs,
2010). This is certainly a central aspect of the smartphone success, which has led to this
explosive development during the last few years.

Experimental science versus smartphone
Design is the referee
We here define a framework starting with two extreme situations: i) when smartphone
is turned back into a scientific instrument, the work of designers to produce the
smartphone user interface is essentially erased and ii) in smartphone regular use, the
scientific layer that treats sensor data and feed the user interface, is made invisible. In this
last case, as the control of smartphone in space and time is anchored on our perception,
there are no explicit references to trajectory, displacement, translation or orientation. No
quantitative data are proposed to the user related to these concepts in daily use of a
smartphone.
These two extreme situations are not the only possible ones. Depending on the
objective, users can be exposed to concepts related to space and time such as trajectory,
displacement, translation and rotation in different ways, which in fact outweighs the
above framework only based on two extreme regimes, and which rely on specific
combination of essentially a scientific presentation of data and their direct perception. This
alliance between science and design to produce various user interfaces, which often
include user exposition to numbers issued from sensor measurements, appears to be clear
at least in two different areas: sport and health. In sport, smartphones can be used to track
performances and gesture quality (tennis, golf…). In health applications, information is
provided either about heart beat, walked distance and used energy (see calorie counter).
For example in Withings applications (Withings, 2009) or in some others equivalent
products, key monitored health parameters are represented on screen using a
combination between design and science. The point appears to be here that quantitative,
relevant and reliable information is hence shown and immediately identified as such by
the user. Reliability seems to be achieved when user interface includes a “scientific”
appearance though it remains comfortable and accessible to all users. In the two cases
mentioned above, it is noticeable that if data are represented on device screen, they can
be collected during the whole body movement using external sensors (i.e. not only sensors
embedded in smartphones).
All these applications can combine sensors (the technological aspect), a numerical
treatment of collected data within a theoretical frame (the scientific ground), a data
representation on smartphone through a user interface and dedicated devices, which
include sensors and wireless connection to smartphones. Data collection, their treatment
and representation are then put in separated devices. This organization of the hardware is
of course associated to the separation between movement capture and its real time
interactive representation on a screen. To us, this is where the collaboration between
design and science is going to produce emerging ways of associating gesture and meaning.
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Indeed in our program, the use of these devices together with smartphones can be a
real breakthrough. They add even more possibilities of organization and collaboration
between science and design in order to explore movements of hand, arm and body, and to
transform them in a new channel for people interactions. Further user interface, which
proposes a real-time and interactive representation of collected data, can in fact remotely
and specifically activate channels of perception (sight, hearing and touch) and action
(movement, gesture).

Exploration of the real with smartphone: why?
We can now turn toward what is our main goal after having built a user interface for
students at university: how can we build new digital tools so that non scientists and/or K12 children can explore and discover concepts related to space and time such as trajectory,
displacement, acceleration, velocity in connection with body action and gesture. A clear
objective is then here to contribute to digital literacy. The commonly shared knowledge
and mastery of these concepts have been deeply transformed by people interaction with
digital tools in daily life. It remains that the new digital ways proposed especially to young
children to approach these important concepts matter. Are they confined to interaction
with screens only? Major concerns are often expressed especially about young children if
exposition in a novel way to these concepts means what is shown in figure 2. A key point
here is to consider how body and its movement can be necessarily involved in this
exploration of real and associated to gaming and fun.

Figure 2

Are we led more and more to see and to experience the world essentially through a screen
with increasing development of digital tools?

Our research together with students in design is now focused on these points:
 How can we involve not only attention focused on a screen but the whole body.
 With new possibilities in digital world to represent displacements and gestures, can
we propose new tools that help development of children?
Figure 3 illustrates this demarche.
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How can the “digital magic wand” enter
real life?

Figure 3

When digital tools enter children life: how can they add to life in real world? Source of
bottom image: G. Lavalette
https://www.flickr.com/photos/gerard_lavalette/3710117430/

Scientific education and design
Everything here starts with sensors and especially the 3D accelerometer that is present
in every smartphone. 3D accelerometer does not give direct information on position in
space. It does measure in all three directions how the speed is changing during a 3D
displacement. If position is the objective, it has to be calculated at each point using the
acceleration values measured from the very beginning of displacement. Technically
determination of smartphone position in space requires double time integration of
acceleration data. This procedure is often considered when using accelerometers.
Although technically delicate when done in real-time, it could be a part of the hidden data
treatment performed before use of information in user interface. This is not the only way
to enable people to explore the real. The technical difficulty is not the first reason why we
want to consider alternative approaches. Any formal treatment applied by the scientific
analysis to collected data immediately implies key choices about explored concepts and
theses choices then impose a rigid frame to users. This implicitly severely constrains any
subsequently proposed representation. In others words, this classical treatment leads to
conventional presentations of displacement: either an image of the trajectory with the
complete loss of the movement dynamics or if in real time, a movie that shows to kids
essentially their movements on screen as they directly perceive it. This is what is massively
done in many games using screens and cameras. This somewhat conventional 2D
presentation is very much a virtual mirror of our world, and it does not introduce the
questioning we are looking for on space, time and associated concepts as it essentially
tries to reproduce them on a screen in the best possible way. This objective and
quantitative description can be impressive and very efficient, but it does not really
challenge the scientific interrogation. Furthermore, on this basis, designers are bounded to
insert their creativity and production into this realistic frame rigidly defined by scientists.
Again this is not the way we want to enter the production of a representation of sensor
data, supposed to become a playground for K-12 children in exploration of the
aforementioned concepts.
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In summary, if one applies a hidden scientific data treatment, the obtained description
of movement in 3D space and time essentially determines its representation for our
perception. One then loses many opportunities for original explorations through
representation using audio-video media. To the contrary, playing with 3D acceleration
measured by these sensors without any a priori treatment is simultaneously playing with a
displacement and a trajectory but also with the dynamics of this movement or gesture,
which is closely related to what rhythm is.

Figure 4

Three sticks moving and alternatively hitting cereals produce a rhythm in daily life.
Source: Foli (there is no movement without rhythm), a movie by Thomas Roebers and
Floris Leeuwenberg

Figure 4 is an image of the movie Foli or ‘There is no movement without rhythm’
(Roebers, 2010). The word for rhythm used by the Malinke tribes is ‘foli’. ‘There is no
movement without rhythm’ is essentially what is in acceleration data. Image in figure 4
from this movie tries to illustrate this idea. Compared to this magnificent film, it is clearly a
poor demonstration. This isolated image does not encompass the associated movement
and rhythm, which is made evident by the conjunction of images and sounds in the movie.
Now together with students in design and in sciences, in order to enable people to play
with movement and rhythm using sensors embedded in smartphones, we here face a
challenging question. Acceleration data are products of micro-sensors in smartphones and
can only have their full meaning if treated by scientists. Associated scientific concepts are
often far removed from immediate everyday experience. This does not mean that they are
disconnected from everyday experience. Their intensive use in smartphones for
application in our daily life shows to the contrary how efficient they can be when it is to
feed our perception. But the very much understandable choice made in mobile devices is
to disconnect the inside scientific activity from their daily life use. In others words, it is not
easy to analyze the smartphone user interface built on the numerical fusion and
aggregation of all collected data in order to appreciate its proximity with the scientific
description plugged on sensor data. Parallel to this, it is certainly equally difficult with this
implemented smartphone user interface, to see how much smartphones can certainly be
important tools to explore gestures and movements following the program at the heart of
the movie ‘Foli’: ‘There is no movement without rhythm’.
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Our horizon is now becoming very ambitious. Through sensor data, smartphones are
efficient tools to explore the world around us. These data can only be treated within a set
of scientific concepts which are at work in these machines and therefore in daily life. We
want to give access to these concepts and to their associated description in science, but
this is not to make them alien objects that can be used only by highly trained people and
disconnected to other form of descriptions, knowledge and cultures. In future, we shall
investigate how mobile devices, associated sensors and their connection to human
perception through user interfaces based on screen, loudspeakers, etc. give us today the
opportunity to explore and to enjoy, which is a key component of learning, the world
around us, and in real and virtual contacts with others people.
Our hope is that it is possible, through an open process led by designers and scientists,
to create a real-time and interactive representation that is original and innovative. It
should be a playground related to all activities dealing with movement, displacement and
gesture such as dance, music…

Real-time representation of acceleration data
Acceleration is the variation of the movement. It carries information about both
trajectory and how this trajectory is followed. This is very close to the spirit of what is
shown in movie Foli: music and dance start with ‘movement and rhythm’ in life. Many
human movements, or gestures, are essentially periodic repetition in time and space:
walking made of repeated steps, eating as repeatedly putting food in mouth, basic
gestures in sports such as golf, tennis, but also swimming. Handwriting, at least when using
latin alphabet, is based on only a few characteristic repeated drawings. On this basis, the
present collaboration between design, computer science and physics tentatively explores
innovative representations of movement and rhythm in our life, using sensor data
collected by smartphones.
We are still in a preliminary approach as it is not a simple task to create such
representations. As a minimum set up, it should enable the hand to manipulate the
smartphone and the manipulator to observe simultaneously the result. Real-time results
associated to real movement, can be drawings on screen, sounds through loud speakers.
Screens and loud speakers are not those of the smartphone itself but of remote devices
that feed the user perception with artifacts produced by its movement. These artifacts
should carry the wealth of information found in acceleration about space and time, and, at
the same time, be adapted to human perception. The obtained representation should be a
serious game controlled by user movements. It should then be first entertaining and also
stimulate the appetite for a real/virtual exploration of movements. Primarily based on
action and perception, this sensitive exploration of acceleration should lead to discovery of
and to acquaintance with concepts associated to movement such as trajectory,
orientation, translation, velocity and acceleration in a 3D space.
A first attempt to approach this strategy has been done with implementation in our
software iMecaProf of a real-time interactive experiment. There was no interaction with
designer in this part of our work as described in introduction. The student has to simply
reproduce an oscillation presented on the PC screen. Such an exercise would be of
essentially no interest if one were supposed to reproduce a simple oscillating trajectory.
This would clearly generate no surprise or interrogation, would be no fun and one does
not see clearly what could be learnt. There would then be no important added value in
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term of exploration. The aim of the proposed set up is that students can directly approach
acceleration during oscillation through action and direct perception. We have therefore
made the choice to plot on a screen linked to the smartphone with a wireless connection,
the bare data produced by the accelerometer along the vertical axis as the smartphone is
oscillated by hand. Students immediately understand that they have to oscillate the
smartphone by hand vertically so that the curve produced follows the one defined by the
computer.
The question is in the details of oscillation so that the produced curved follows the
model acceleration on screen. The oscillation frequency is randomly chosen between
0,5Hz and 3Hz, and the amplitude when at maximum displacement and reported on
computer screen, is 1 g= 9,81m.sec-2. Used frequencies are easily followed by students
except for the lowest as 0,5 Hz requires to be able to periodically move the smartphone
one full oscillation every two seconds, which appears to be a very slow. This is made even
more difficult as reproduction of the computer curve plotted on screen cannot be
reproduced if only the frequency, in fact the rhythm, of the movement is controlled by the
manipulating student. Real space amplitude of smartphone oscillation must be changed so
that the acceleration curve displayed remains with a maximum at 1g. Many students have
difficulties to decipher this and to change their actions accordingly: at high frequency, the
smartphone in hand must oscillate at the required frequency but with a small amplitude
movement. At 2Hz, the amplitude that must be used is 6 cm, whereas large amplitude
movements must be done when required frequency is small. At 0,5Hz, which corresponds
to a period of 2 seconds, the value of the amplitude that must be used is close to 1 meter.
To obtain a 6 cm amplitude, it is enough to move one’s arm with smartphone in hand.
Moving only one’s arm is clearly not enough to move up and down a smartphone with a
total displacement of 2 meters. In that case, it is a surprise for students that slow body
movements are needed and that they must slowly, very regularly and in rhythm, stoop by
bending knees to reproduce a curve with constant amplitude on screen. In fact some key
concepts we want to introduce when teaching oscillation, must be considered to analyze
connection between what is on screen and the real displacement of arm and body.
Sessions based on this exercise are organized with groups of students doing these
manipulations by teams of two. The characteristic phases are: i) entering the manipulation
by trial and error, ii) trying to rationalize observation and iii) finally, for these university
students, learning a quantitative analysis using the taught formalism and putting numbers
on all this. Technically, they have to relate their perception, or the way they adapt their
2
= 1 g where A is the amplitude that is half of the total
nding and
mastering this formula is an important pedagogical objective for these students.
Associated collective and lively discussions are part of the here used teaching method.
In this first example, although not built together with designers, we observe at work
simultaneously action, direct perception and scientific approach in the pedagogical
process. Here students when they move smartphones to obtain the right oscillation, i.e.
the right rhythm, are asked to behave first not as scientists but much more as musicians or
dancers. Only after, are the students asked to analyze the situation in a scientific way so
that they can produce better results when they try again.
Here the goal is reaching comprehension and intellectual mastering of scientific
description of involved concepts. Students enter this phase only after they have faced the
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difficulty of producing the acceleration curve by hand. The final stage can be a feedback.
After they have been exposed to the scientific theory of oscillatory behavior, students can
come back to the serious game and see if this knowledge helps them to improve their
performances.
In practice, implementation of this first attempt with students leads to very spectacular
reactions among students: essentially surprise to see this use of smartphone and
excitement, as they understand and have fun with the game. To us, theses reactions are
also due to the introduction of a true experimental control in a real scientific experiment
that is ensured in an unconventional way, i.e. by real time student perception. This is not
only surprising but it can also be difficult to achieve such a control. First human qualities
here required, are not purely intellectual. To the contrary there are the ones associated
with production of the right movement using trial and error method and, at least at the
beginning, much less those related to understanding the associated scientific background.
With our serious game, in order to approach acceleration behavior of the smartphone, it is
not necessary to behave in this first step as a scientist. When smartphone movement is
controlled by hand, students start to spontaneously develop a strategy parallel to the one
used in some sports or in dance, where the specific gesture is described, imagined and
repeated before action. Key observed features and their connection with gestures are first
discussed. In these discussions, as they progress to reach an advanced stage through the
trial and error process, they are gradually led to use formal scientific description with help
of teachers. Although very engaging and spectacular, we have only started with this lab
experience and much more is needed to evaluate and better understand this promising
method. Noticeably it is based on ‘go and return’ between action and perception, and
scientific theory, which is then introduced through an interactive audio-visual
representation and associated discussions. Comparison between theory and experiment as
classically expected in science teaching is finally used here with students learning physics
but only at very late stage of the process. This 1D oscillation here described is also an
archetype of the periodic motion. This is closely related to music: the musician beats time.
What we here propose to students is to ‘play science’ with smartphone in a way closely
related to ‘playing music’ with an instrument.
An archetype of the 2D motion is the rotation or circular motion, either at constant
speed (i.e. uniform motion) or not. Therefore no surprise: it is taught in details in Basic
Mechanics courses all over the world. No surprise again: beyond observation of trajectory,
nowadays done using video recording, it is not easy to access in real time through direct
measurements, fundamental quantities such as speed or acceleration and to characterize
them. A classical question is: ‘is this movement close to a uniform displacement or not (i.e.
is it a rotation at constant speed)?’ A smartphone on a turntable or in a salad spinner gives
immediate access to acceleration, speed and angle of rotation. Students have done this
extensively, using the specific ‘level’ in our software iMecaProf that is dedicated to
representation of rotations in real time. Smartphone performances are in fact well
adapted to these experiments when the rotation angular speed is a few turns per minutes,
as does a turntable or a salad spinner.
When using a turntable, smartphone is again considered first as a scientific instrument.
In this particular case, there is no immediate connection with its design associated to its
everyday use. Experimentally studying rotation using a smartphone clearly makes sense for
students and is very close to what is classically done at university. These rotation speeds
1080

Can a Smartphone Be a HomeLab?

are also essentially the ones we can manually produce and follow with our eyes, i.e. the
ones that are not too slow and not too fast, and that match human perception. This
academic year, following what we have done in the serious game ‘1D oscillation’ described
above, we have explored with students how man made circular movement can be
scientifically studied and how key aspects can be explored and learnt when the
smartphone is manipulated by hand. Immediate question as this approach is considered, is
the quality of the movements using human ability to move the smartphone by hand. How
far is it possible to go in the subsequent quantitative analysis of acceleration data
produced this way? In order to stay the closest possible to observation of information
present in these data, when perception is used, our present idea is to image in real-time
the movement in a 3D acceleration space. This implements an original feedback loop for
our action/perception scheme: when moving the smartphone by hand, one can
simultaneously produce the real space trajectory and observe the acceleration curve on
screen. To our knowledge, this has never been done and never considered so far. This is
not a surprise: micro-accelerometers have been made widely available only a few years
ago in smartphones.
Representation of acceleration curve on a screen as shown in figures 5 and 6,
immediately challenges our perception of movement. Although the manipulator with
smartphone in hand is at the origin of both the real trajectory and of its representation on
screen, he has difficulties to identify the link between the trajectory in real space and what
is presented on the screen. Basic mechanics emphasizes that what is observed on screen is
related to both the smartphone trajectory in real space and to the way this path is
traveled, i.e. the rhythm. All components of movement including the rhythm are
represented on screen as a curve using acceleration data. We are now producing an
application named Acceleration tracker, which will enable people to observe this curve on
a screen as they manipulate their own smartphone. Figure 5 and figure 6 present examples
of this.

Figure 5

As seen in corner, the smartphone travelled several turns with the best possible circles
achieved by hand. Associated acceleration data approximately define a circle whose
average radius in m.sec-2, is the one expected. One can now play with this using the real
time and interactive representation Acceleration tracker.

In both cases, the hand, holding a smartphone, draws vertical circles with an
approximate radius 0,3 meter. In figure 5, several circles are represented. Hand does not
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stop between circles and acceleration data are collected during several turns travelled at
constant speed. ‘A circle is a circle’ is the result. The real trajectory is a circle and the curve
in acceleration space is also a circle. This provides students with the appearance of a solid
reference. But this straightforward correspondence between the two curves is certainly
misleading, as it is a very peculiar case. In fact one of the reason why the uniform circular
motion is heavily studied in physics courses, is the fact that circles are the right curves for
the real space trajectory, the velocity and the acceleration. To be familiar with the
associated theoretical description is a key pedagogical objective for freshmen in physics at
universities. In strong contrast with usual practices in teaching labs, we now propose to
physics students to explore the efficiency of this description starting with human
movements recorded by smartphones. They can observe circles clearly not as perfect as
the one produced by a turntable, by still clearly identified as a circle in smartphone data.
They are quantitatively dealing with real data obtained during rotation of a smartphone by
hand. An aspect that is also in contrast with regular scientific practices in physics, is the
fact that students become part of the experimental set up probed by the smartphone used
here as an instrument. We have not yet thoroughly analyzed the consequences of this
change in the pedagogical sequence.
The real trajectory associated to the acceleration curve shown in figure 6 is still a circle.
This circular trajectory is travelled by the smartphone starting at rest and stopping at the
circle end. This means that the acceleration at both ends is zero. Compared to the
acceleration curve obtained in figure 5, the curve is then completely changed as depicted
by figure 6. This case illustrates the future of our work on this project: shall we be able to
train ourselves so that it becomes possible to handle and to play with this representation?
This is a key question here and our workshops in the near future with different publics
should help us to propose an answer and to know if this approach can be used as an
education tool.

Figure 6

As seen in upper right corner, the smartphone only travelled one turn with the best
possible circle achieved by hand. Associated acceleration data are shown here (black
curve). This is not a circle. Down right is the calculated curve for this particular case. With
the real trajectory being a circle, the acceleration curve can be deeply transformed by the
rhythm: sharp start and stop, high speed all along…
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Concluding remarks
Smartphones enable students in physics to do meaningful experiments without any
added materials. Direct manipulation connects the experimental objective procedure in
acquisition of real data with direct perception of the movement, which appears as a clear
added pedagogical value. This remains to be thoroughly investigated, but it certainly leads
students to better appreciate the observed changes in acceleration curve. In any case, it
shows once again how the smartphones can be transformed, in fact ‘hacked’, to become
not only scientific instruments that they are at heart but a complete pedagogical
environment when data are transformed and represented on separated devices in realtime to enable students to play with interactively. Following Steve Jobs who once said that
the smartphone is perfect for gaming, we can add that it is perfect for DIY experimental
science and for learning science. Graphic representation of bare acceleration data as
collected by the manipulated smartphone does include both the path travelled by the
smartphone and the way it has been travelled. This can be done in real time. Others data
such as orientation angles from the gyroscope can be added if necessary. This is exactly the
situation we were looking for to now enter the collaboration between scientists and
designers. The aim of this collaboration is now to explore if new ways can be opened,
which exhibit concepts associated to smartphone operation in space and time. The
produced serious game based on a smartphone, on a representation implemented in
separated devices (video and/or audio), of data acquired during smartphone manipulation
should be created for non-scientists of all ages.
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Abstract: This paper presents a case study of a modified critique process
incorporated midway through an Information Design course taught in an
undergraduate graphic design program. For the third and final critique of a
midterm project, feedback was collected through an anonymous survey of nine
questions instead of the traditional delivery of feedback through verbal dialogue.
The teacher collated the responses from the surveys into data sets per project,
stripped them of identifiers to maintain anonymity, and then distributed them to
the class as a data collection, with the directions to create data visualization
posters. Students used various mapping strategies (charts, graphs, and maps) in
their visualizations. The case study reveals that responses through the use of a
survey were consistently less positive than comments students made during
verbal critiques or through written assessments of projects. Each poster
presented outcomes for the entire class, and identified specific weaknesses and
strengths of each individual project. The assignment also democratized the
process of critique, as each student’s response to the survey was documented
and presented with equal weight. This case study provides design educators with
an assignment through which to introduce principles of data collection, and a
pedagogic space in which to explore quantitative reasoning skills and data
visualization strategies.
Keywords: Information Design; Data Visualization; Quantitative Reasoning;
Design Critique
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Interpreting the Critique Through Visualization

Introduction
The design critique is a widely used pedagogic tool in design studio classes and
arguably the single most consistently employed classroom activity, from foundations to
senior portfolio, that a student will encounter in an undergraduate graphic design
program. Traditionally, the classroom critique consists of project presentations at various
stages of completion, and the subsequent feedback provided through peers, teachers, and
invited guest critics. A basic tenet of the critique is that the individual and the group
benefit from the process; students demonstrate an understanding of design principles and
strategies through the work and through the questions, comments, and ensuing dialogue.
The objective of the event is to create a collaborative environment that facilitates the
development of design and presentation skills and provides a measure of gauging success
for a particular design endeavor.
This paper presents a case study of a modified critique process that the teacher
incorporated midway through an Information Design course taught in an undergraduate
graphic design program. For the third and final critique of a midterm project, the teacher
asked the class to provide feedback through an anonymous survey of nine questions
instead of the traditional delivery of feedback through verbal dialogue. The teacher
collated the data from the surveys into sets per project, stripped them of identifiers to
maintain anonymity, and then distributed the sets to the class. Students were assigned to
create data visualization posters using the data collected from the survey. Students used
various mapping strategies (charts, graphs, and maps) in their visualizations, and
demonstrated an understanding of quantitative reasoning though their analysis of the
data.

Context
Queens College, located in the borough of Queens in New York City, is one of the senior
colleges of the City University of New York (CUNY). There are over 20,000 matriculating
students, with more than half born overseas. The college offers a Bachelor of Science
degree in Graphic Design, with approximately 300 declared majors (Queens College, 2014).
An Information Design course is offered once a year as an upper-division graphic design
elective. The course explores the display of information and introduces strategies for
designing effective visual communications appropriate for various users, audiences, and
platforms. Success within the class requires the utilization of quantitative reasoning (QR)
skills31 as expressed by the ability to analyze data and design representations based on

31

The following is a list of quantitative literacy (or QR) requirements proposed by the Mathematical
Association of America (2015) for all students who receive a bachelor’s degree.

Interpret mathematical models such as formulas, graphs, tables, and schematics, and draw
inferences from them.

Represent mathematical information symbolically, visually, numerically, and verbally.

Use arithmetical, algebraic, geometric, and statistical methods to solve problems.

Estimate and check answers to mathematical problems in order to determine
reasonableness, identify alternatives, and select optimal results.

Recognize that mathematical and statistical methods have limits.
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evidence. The course integrates lectures and exercises specifically designed to build QR
competencies, including
 the review of mathematical equations for the calculation of fractions and
percentages;,
 an overview of statistical literacy and the ability to retrieve and accurately read data
tables, and
 graphing and mapping methodologies.
Fourteen junior and senior graphic design majors were enrolled in Information Design,
Fall 2013. The class was primarily female (10 females, 4 males) and diverse in ethnicity (4
Asian; 7 Hispanic; 3 White). Four of the students were born in the United States, and the
remaining 10 were born elsewhere. Students enrolled in this course had experienced the
traditional design critique as the primary mode of assessment throughout their design
studies. Students took a diagnostic quiz (see Appendix A) on the first day of class, which
revealed that only 2 of the 14 students could successfully answer all of the questions on
the quiz.

Background: The Design Critique
…the paradox inherent in learning to design places the student in a predicament. He is
expected to plunge into designing, trying from the outset to do what he does not yet
know how to do, in order to get the sort of experience that will help him learn what
designing means. (Schön, 1987, p. 93)
The birth of the art-school critique has been traced back to the first publicly funded art
school in Great Britain in 1837 (Quinn, 2008) and is distinguished through a pedagogy
informed by practical example versus the tradition of lecture-based instruction. The
design-education experience is analogous to a sink-or-swim method of learning. Students
plunge into designing and surface for a period of self-reflection and group reflection before
plunging into the act of designing again. This repetition of design-critique-design creates a
tacit transference of knowledge that ideally scaffolds a student’s understanding of design
processes and competencies.
Supporting the benefits of the design critique, Schrand and Eliason’s (2012) research
indicates that the process result in a higher “emotional investment” (p. 60) than is
observed in other disciplines. The researchers noted, “Design students view their peers as
collaborators and colleagues with shared interests and aptitudes” (p. 60). However, the
same study found that the classroom setting does not always allow all types of students to
participate, and students who are not confident enough to ask questions are further left
behind. Barrett (2000) and Percy (2004) cite frustration, alienation, and lack of student
participation as outcomes of the traditional design critique. Studies of the communicative
aspects of the critique (Dannels, Gaffney, & Martin, 2008; Dannels et al., 2011) assess
some of the challenges, and further research yields a list of factors that may impede
student learning, including the size (Blair, 2006) and dynamics of the group (Gray, 2013);
language and cultural competencies (Lasserre, 2010; Wong 2011); and perceived selfefficacy (Gaffney, 2011).
That the design critique results in the tacit transference of knowledge may not be a
universal experience for all types of students or for all classroom environments.
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Alternatives to the traditional critique have offered evidence of increased participation
and improved student outcomes. Simpson (2012) has documented a decentralized
approach to the critique process with the incorporation of cooperative-learning strategies
such as group writing assignments (e.g., RoundRobin and All Write Consensus) and a
variety of collaborative approaches to critique (e.g., Within-Team Jigsaw and Team Stand
and Share). Coorey and Rinnert (2014) document six methods of introducing critical writing
into the studio-critique environment (Post It Notes, Round Robin Writing, Project Blogs,
Self Assessment Rubrics, Written Peer Analysis, and Critique as a Method of Design
Inception) and note an increased level of student participation from these efforts. This
paper proposes another alternative to the traditional critique, with the added benefit of
incorporating data collection, analysis, and representation into the student experience.

The Assignment: Visualizing the Critique
Prior assignments to Visualizing the Critique in Information Design, Fall 2013, included
exercises in statistical literacy and the creation of graphs, charts, timelines, and maps. The
primary source of feedback for assignments came through class critiques. The critiques
tended to be dominated by three to four students, with many students displaying
apathetic behavior such as texting, web surfing, chatting, and dozing during the critique
process, participating only when called on. Opinions tended to parrot those set forth by
the teacher or dominant students. For the third and final critique of a midterm project, the
traditional critique was replaced with a nonverbal assessment and developed into a fourth
class assignment, Visualizing the Critique.
Like a traditional critique, the activity began with students pinning their work to the
display board. The students received a survey (see Appendix B) with questions regarding
the scope of the research, the originality of the topic, and the solution and the success of
the design (use of color, typography, hierarchy) for each project. Students were
encouraged to ask questions to clarify the survey questions, but were asked to refrain from
making comments about the presented projects. After the completion and collection of a
set of surveys, the group repeated the process for each project.
The teacher paid a great deal of attention to maintaining anonymity throughout the
exercise. Students could walk up to the projects to review them, but had to spread out to
complete the surveys and were instructed to avoid leaving any identifying information
about themselves on the surveys. The teacher generated a numbering system to identify
the projects, which received a new set of codes after collection to further minimize the
possibility of identification of students with survey responses.
After the students had evaluated all of the projects and the surveys collected, students
were invited to comment on the projects; the class comments tended to be short and onpoint. When asked for feedback on the experience of completing a survey rather than
participating in the traditional critique, students responded with enthusiasm—several
expressed the desire to incorporate the survey into all class critiques.
The teacher distributed the data sets to students the following week with a group
discussion on the method of collection and an assessment of the quality of the data. (Were
the sets complete? Should the response “No Answer” be included or ignored?) We
followed this discussion with a short lecture on normal (Gaussian) distribution. The next
1087

KATHRYN WEINSTEIN

assignment, Visualizing the Critique, required students to create a poster that visualized
the data collected from the survey responses.
After the completion of the Visualizing the Critique assignment, the teacher informed
students privately of which data set was associated with each of their midterm projects.

Results
Nine students presented midterm project and 13 students participated in the survey
exercise. As Table 1 shows, the survey exercise asked nine questions for each of the
projects presented. The options for response to the questions were yes (Y), no (N), or no
answer (NA).
Table 1: Visualizing the Critique Survey Responses
Questio
n
1

Questio
n
2

Questio
n
3

Questio
n
4

Questio
n
5

Questio
n
6

Questio
n
7

Questio
n
8

Questio
n
9

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Y

N

NA

Project 1

3

7

3

5

3

5

10

-

3

9

1

3

1

7

5

2

6

5

4

7

3

6

5

2

2

7

4

Project 2

8

3

2

6

5

2

10

1

2

7

3

3

3

6

4

6

4

3

3

10

-

9

2

2

4

7

2

Project 3

6

6

1

3

9

1

10

1

2

9

3

-

3

9

-

-

10

3

6

5

2

10

2

1

4

8

1

Project 4

11

2

1

7

4

2

13

-

-

11

1

1

2

7

3

6

5

2

8

4

1

12

1

-

4

8

1

Project 5

6

7

-

-

12

1

10

2

1

4

8

1

2

11

-

9

3

1

-

12

1

4

9

-

3

8

2

Project 6

8

2

3

6

4

3

10

1

2

9

1

3

3

4

6

5

6

12

7

2

4

9

1

3

6

3

4

Project 7

6

6

1

2

9

2

10

1

2

9

3

-

3

10

-

1

10

2

6

5

2

10

2

1

4

8

1

Project 8

13

-

-

11

2

-

12

1

-

12

1

-

6

7

-

5

5

3

7

4

2

13

-

-

12

1

-

Project 9

13

-

-

12

1

-

13

-

-

13

-

-

6

4

3

10

2

1

11

3

-

10

2

1

10

2

1

Y=Yes; N=No; NA=No Answer
Source: Data collected during an Informatio
n
De s i gn cl ass (No u
vember 2013). Nine students presented midterm projects. Thirteen students
completed surveys. Questio
n
1. Is the topic original? Questio
n 2. Is the project ambitios ? Questio
n 3. Is the designer interested in the project?
Questio
n 4. Did the designer research sthe project? Questio
n 5. Did the designer
l explore multipn
e sol ut ion? Questio
n 6. Is the solutio or i gi nal ?
Questio
n 7. Is the project well designed (consider use of color, typography, hierarchy)? Questio
n
8. Does the project capture your interest?
Questio
n 9. Does the project require you to think?

As this was the third and final critique of the midterm assignment, students were
familiar with the projects presented. The survey results revealed a greater range of
opinions, and generally a more critical response, than comments made during the previous
two class critiques. The group reached consensus on certain projects—Projects (P) 8 and 9
received a majority of positive (“yes”) scores for all categories, while P3 received a
majority of negative (“no”) responses—but most projects received a mix of responses,
indicating that they were often successful in some areas and unsuccessful in others. For
example, P2 received positive ratings for designer’s interest in the project and negative
ratings for the design of the project. As P7, Question (Q) 7 demonstrates, the group did not
consistently establish consensus in all categories—six students answered P7Q7 “yes,” five
said “no,” and two students chose not to respond.
Figure 1 shows two students’ solutions to the assignment of data-visualization posters.
The class’s efforts reveal a wide array of original solutions and the ability to visualize data
through the use of graphs, charts, and diagrams (see Appendix C for additional examples).
The student work and the ensuing critiques seemed to be energized by the survey
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experiment, as demonstrated through a greater degree of participation without prompting
from all students and a greater range of opinions expressed.

Figure 1. Visualizing the Critique, Fall 2013. Student posters by Serom Lee ©2013 (left) and Elena
Akulova ©2013 (right).

A Comparison of Two Surveys
A different teacher with a different set of parameters conducted another survey
exercise in an Advertising Design course. Anonymity was not a factor in the Advertising
Design survey; student projects were listed by name and students were required to
identify their evaluations by name.
Table 2 and Table 3 show the results of the Advertising Design survey, which asked
students to evaluate classmates’ projects on a scale from 1- to 5, on criteria such as
typography and color. Although the two surveys’ rating systems and criteria are different,
there is overlap between the Information Design survey (Table 1, Question 7: Is the project
well designed? Consider use of color, typography and hierarchy) and the Advertising
Design survey (Table 2: Rate the Use of Color, and Table 3: Rate the Use of Typography).
The rating options of the Advertising Design survey were based on a scale from 1 to 5,
the equivalent of a traditional letter-grading system. The data collected from the
Advertising Design survey reveal an overwhelming propensity of the class to rate peers
from “better than good” to “excellent.”
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Table 2: Rate the Use of Color in Project, Advertising Design Survey, Spring 2014
R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15

R16

R17

R18

R19

SS1

5

5

5

5

4

4

5

4

5

5

4

3

5

5

3

-

5

5

5

SS2

5

-

5

5

4

5

4

4

4

3

5

3

5

4

3

2

3

5

4

SS3

5

4

5

5

5

5

4

3

5

5

5

3

5

4

3

3

5

5

5

SS4

5

4

5

5

5

5

5

-

4

3

5

4

4

5

4

2

3

5

5

SS5

5

5

5

5

-

5

4

4

-

4

5

5

5

4

3

4

-

4

3

SS6

5

5

5

5

5

5

5

4

4

4

3

5

4

3

5

5

-

5

5

SS7

5

5

5

5

3

5

5

4

5

3

5

3

5

3

5

4

-

5

5

SS8

4

3

5

5

3

4

3

4

4

5

5

4

5

2

3

3

-

5

5

SS9

5

5

5

5

5

5

4

3

4

4

5

5

5

4

5

4

-

5

5

SS10

5

5

5

3

3

4

4

4

5

4

2

3

5

4

3

3

5

4

5

SS11

5

5

5

5

5

4

5

4

5

4

4

4

5

4

4

4

4

5

5

SS12

5

-

5

5

3

5

5

5

5

4

5

3

5

4

2

3

-

5

5

SS13

5

4

5

5

4

5

4

4

5

4

4

4

5

4

4

3

5

4

5

SS14

4

4

5

4

3

5

4

4

3

3

3

4

5

2

4

3

5

5

4

SS15

5

5

5

5

4

4

4

4

4

3

5

3

5

3

3

4

4

5

5

SS16

5

5

5

5

4

5

5

3

4

5

5

3

4

5

4

2

-

5

5

SS17

5

4

5

4

4

5

4

3

4

4

5

5

4

5

4

3

-

4

5

SS18

5

4

5

5

3

5

5

5

4

4

3

3

4

3

3

2

-

4

5

Student names have been removed and replaced with codes (SS for student projects and R for response)
1=poor; 2=o.k.; 3=good; 4=better than good; 5=excellent; (-)= no answer
Source: Data collected during
i
an Advertisng De s i gn cl ass (June 2014) . Ni ne teen students were present and eighteen students presented projects.
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Table 3: Rate the Use of Typography in Project, Advertising Design Survey, Spring 2014
R1

R2

R3

R4

R5

R6

R7

R8

R9

x

R11

R12

R13

R14

R15

R16

R17

R18

R19

SS1

5

5

5

5

5

4

4

5

4

5

5

4

3

3

5

-

4

5

5

SS2

5

-

5

5

4

3

5

4

4

3

5

4

3

4

3

2

2

5

4

SS3

5

4

5

5

5

3

5

4

5

4

4

4

4

4

3

3

5

5

5

SS4

54

4

5

5

5

3

5

-

4

3

4

4

3

3

4

2

2

5

5

SS5

5

5

5

5

4

3

5

4

-

4

4

5

3

3

4

4

-

4

3

SS6

5

5

5

5

5

3

5

4

4

3

5

4

5

4

5

5

-

5

5

SS7

5

4

5

5

4

4

5

4

5

3

5

3

4

2

2

3

-

5

5

SS8

4

4

5

5

4

4

5

4

4

5

5

4

4

4

5

3

-

5

5

SS9

5

5

5

5

5

3

4

4

4

3

5

5

5

2

4

4

-

5

5

SS10

5

4

5

3

5

5

4

5

4

4

2

4

5

4

4

4

5

4

5

SS11

5

3

5

5

5

3

5

5

3

4

4

4

4

4

2

4

4

5

5

SS12

5

3

5

5

3

3

5

5

5

4

4

4

4

3

4

4

-

4

5

SS13

5

4

5

5

4

3

4

4

4

4

5

3

4

4

5

3

4

3

5

SS14

4

4

5

4

4

2

4

4

4

3

4

3

5

2

4

3

5

3

4

SS15

5

5

5

5

4

3

4

4

5

3

5

3

5

3

5

4

5

3

5

SS16

5

5

5

5

4

3

5

5

4

5

5

3

4

5

4

4

-

5

5

SS17

5

4

5

5

4

3

3

4

3

4

3

4

4

5

4

3

-

4

5

SS18

5

4

5

4

4

3

5

5

4

3

5

3

5

5

3

2

-

4

4

Student names have been removed and replaced with codes (SS for student projects and R for response)
1=poor; 2=o.k.; 3=good; 4=better than good; 5=excellent; (-)= no answer
Source: Data collected during
i
an Advertisng De s i gn cl ass (June 2014) . Ni ne teen students were present and eighteen students presented projects.

Conclusion
The assignment Visualizing the Critique introduces students to data collection and
analysis in an area in which all students possess a degree of authority: critiquing one
another’s assignments. The assignment provides an opportunity for students to work with
a small set of data and decide how best to represent the information. The student projects
demonstrate a wide range of solutions and a variety of lenses through which the data may
be assessed. The assignment is a measure of how successfully students have incorporated
quantitative reasoning into their design skill sets.
Further, Visualizing the Critique provides teachers with a tool to democratize the
critique process. In addition to the traditional forms of design critique, the survey may
provide a venue for students who typically refrain from verbal exchange in a group setting
to express their opinions. English was not the first language of the majority of students
enrolled in Information Design, Fall 2013, and the degree of fluency may be a primary
barrier to participation in design critiques for this cohort. The role of gender and cultural
differences may also impact studio-critique participation and is a topic worthy of future
research.
The specificity of the responses to survey questions may provide students with an
effective feedback loop that is obscured through the traditional process of verbal critique.
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Both the act of responding to a consistent set of questions and that of receiving the resuls
of the survey reinforce the criteria of a project and highlight the areas of success or
needed improvement per student. For students who have plunged into the sea of design
and are at risk of drowning before they learn to swim, the survey may be one of a set of
tools that can demystify the process of design and measure individual progress.
The disparity between the responses to the Information Design and Advertising Design
surveys suggests that we need further research to craft a useful guide to the development
of surveys as supplements to the design critique. The responses to the Information Design
survey tended to be far more critical of student efforts than the responses to the
Advertising Design survey. There is a possibility that the projects in Advertising Design
were significantly more accomplished than the projects in Information Design, or that the
criteria teachers set for measuring success were significantly different. The positive slant of
the rating system in the Advertising Design survey 32 may have encouraged students to
unconsciously choose positive evaluations of their peers. The public record of student
responses to classmates’ projects may have promoted students to rate their classmates
with high marks in an effort to promote camaraderie and encouragement in the class
environment.
The anonymity factor of the Information Design survey may be one of the greatest
differences between the two surveys. With the promise of anonymity, students are
provided a safe space to evaluate work without the need to justify comments or
potentially jeopardize classmate relationships with negative or contrary opinions. This
strategy may initially afford a more honest evaluation of work and yield an explicit, rather
than tacit, transference of design knowledge. Further research could use similar surveys,
one anonymous and the other with student names, to measure the impact of anonymity in
survey results. Clarification of each category—for example, breaking up design of the
project into categories such as use of typography, use of color, and establishment of
hierarchy—would create a more useful tool for the evaluation of each project. Written
student evaluations of the process at the end of Visualizing the Critique would be helpful
for documenting the experience from a student perspective.

32

1=poor; 2=o.k.; 3=good; 4=better than good; 5=excellent; (-)= no answer
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Appendix A
Diagnostic quiz, Information Design, Fall 2013
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Appendix B
Survey Questions Distributed, Information Design, Fall 2014
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Appendix C
Examples of Student Projects: Visualizing the Critique

Pravena Persuad © 2013

Madison Chajon © 2013
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OhKee Kim © 2013
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Vincent Rivera © 2013
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Abstract: STEAM by Design introduces a multifaceted approach to 21st century
STEM education that transforms discreet subject introduction to transdisciplinary
place based projects. STEAM by Design links art, architecture, engineering, and
construction as dynamic, creative processes and drivers of innovation for K-12
learning. Connecting the neuroscience of motivational, active learning with the
true purpose of education or the application of one’s learning in responsible
ways, STEAM by Design demonstrates imagination at work. It introduces
teacher-tested, eLearning support for today’s students who spend significant
amounts of time outside the classroom informally learning using mobile
technology devices. Demystifying STEM diversifies STEM-literate populations
with fun and engaging activities that expand and integrate traditional
approaches in design activities linked to NEXT Generation Science Standards
Crosscutting Concepts. Participants research relationships between objects,
people, and space brainstorming ideas to solve problems. Students explore
scientific ideas engaging in the very processes of design inquiry that research,
define, propose, evaluate, and refine ideas. As prospective designers,
participants learn to think critically, communicate, collaborate, and execute
improvements using everyday technologies. STEAM by Design motivates
learners, extends focus and concentration and blurs work, play and fun with
innovative experiences
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Introduction
Creativity is an inherent human ability. Nurturing it in K-12 students is essential to
diversifying human ability and potential and rethinking how we are learning and living in
the world. Creativity is imagination at work (Robinson, 2015). Humans are born creative;
they are born designers. As they explore and learn from their experiences in the world,
they make choices, learn through failure, and create solutions. Before and after school,
people learn through experience in what is known as informal learning, which is selfmotivated inquiry based on who and where they are (Cross, 2007).
The relationship between pedagogy and curriculum and between “school” (formal)
knowledge and students’ “informal” knowledge is central to the search for more effective
and powerful educational strategies in the twenty-first century (Morgan, Williamson, Lee,
Facer& FutureLab. 2007, p. 13).

Figure 1

STEM to STEAM eLearning connecting the world (NEXT.cc)

Design, as a practice, learns from the world, engages the world, and aims to contribute
to the world. It expands informal learning into imagining ideas and turning ideas into
action. It develops minds that seek information, desire challenges, and work to offer
alternatives to changing situations. Design is a catalyst for learning (Davis, 1997). STEAM by
Design creates interest in and opportunities for learning connections between science,
technology, engineering, environment, art, and math. STEM to STEAM encourages studentinitiated and selected projects and integrates natural with artificial systems, the social with
the cultural, and the economical with the environmental (DeKay, 2011). STEAM by Design
challenges students and teachers to explore the nature and critical importance of
developing a creative mindset (Figure 1).
While academic standards necessitate the establishment of foundational skills, it is
individual-selected learning that creates the motivation to learn to find a purpose in
contributing. Connecting informal learning time with school-based instruction and afterschool exploration moves the mind in and out of divergent and convergent thinking,
evolving and supporting an inquisitive mindset. An inquisitive mind, also known as an
enquiring mind (Morgan, et al., 2007), understands that intelligence changes, grows, and
develops with practice and application (Dwek, 2006). Moving through types of learning
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environments—listening, reading, drawing, making, gaming, questioning, trying new
things, learning online—varies teachers’ and students’ days and keeps minds awake,
interested, and open to new challenges. Motivating a “desire to know more” establishes
the foundations for “learning to learn” and for life-long learning. K-12 STEAM by Design
education shifts teaching from fitting the student to the lesson to fitting learning to the
student embedding a drive to self-educate. ELearning is a support to prime, introduce, and
expand connections, giving teachers and students opportunities to deepen and extend
learning. Self-directed learning exercises a designing mind’s growth mindset (Dwek, 2006).
Curiosity more often than not opens during experiences. New interests awaken and
drive us to know more. One STEM myth is that scientists are uber-intelligent individuals;
actually, scientists are people who are curious! (Sink, 2012). This need to know more
develops a growth mindset where knowledge is built through research, production, and
the development of “need to know” and “need to know more” strategies. The designing
mind continually hones its growth mindset as it learns how to acquire, analyze, evaluate,
construct, and create knowledge (Orr, 2007). Designing minds open existing knowledge to
interference from outside fields when approaching complexities. This simultaneous
“reading” of diverse approaches stimulates a growth mindset in a designing mind. The
STEM to STEAM movement mixes art, design, and the environment across traditional K-12
subjects (Sousa & Pilecki, 2013) and resembles the way designers research and draw from
complex sets of information. Designers seek new responses and solutions in response to
cultural, technological, and environmental conditions of the world as it exists. They then
explore and experiment with the world as it could be, often envisioning things that have
not been seen before. STEAM by Design brings these experiences into classrooms, building
value in the pursuit and testing of ideas. STEAM by Design mixes activities integral to
envisioning the unknown with the known, utilizing new technologies, assessing data and
probability, and engineering iterative solutions for testing and evaluation. As design
constructs the world in which we live, it involves engineering’s study of how the world
operates and improvises new materials and processes of production and construction.
Design fields create objects, spaces, systems, and environments for human life across
connected scales (Keane, 2012). The study of how the world evolved and how it can be
contributed to nurtures social and emotional growth and develops respect for and
relevancy in learning. Students use mathematics to design solutions, find relationships,
document patterns, and explore the unknown. Designers exercise agile minds collecting
and manipulating information to create informed solutions.
Design as a practice and as a body of knowledge intertwines philosophy with its theory
of practice and science’s study and interaction with complex systems of knowledge
(Wilson, 1998).

STEAM by Design
STEAM by Design structures a creative, value-based edge to STEM education aimed at
connecting imaginations with a real purpose—finding purpose and fulfilling potential in
improving the world. STEAM builds on inclusion of design by specifically adding the places
of the environment, built and natural, to the anagram (Figure 1). All education is
environmental education (Orr, 2004). STEAM by Design, as a standards-aligned and
eLearning-supported approach, introduces a multifaceted place-based project approach to
learning that transforms discrete subject introductions in separate classrooms to a
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transdisciplinary practice that involves diverse community interactions. This shift premises
that the foundational role of learning is not to master discrete subjects, but to master
one’s interests and talents to contribute purposefully in life from wherever one is. If the
purpose of life is indeed to find and make a life of purpose, individuals are responsible for
using learning in relevant ways to improve their own communities. In other words, learning
is about moving current conditions toward desired ones. K-12 students access
understanding, history, and practice of how the world has arrived at this moment in time
and the condition it is in. K-12 students repeat opportunities to learn from and interact
with their school community, experiencing design thinking, research, process, and making.
Creativity is an essential application of ideas so as to understand their consequences to
people and places. The application of ideas expands development of the individual “I”
intelligence to the wider understanding and empathy for the “we.” In addition, study goes
beyond learning about the “It” in defining the relational associations and responsibilities of
“Its” (Dekay, 2007). Whereas discrete STEM instruction in K-12 may introduce STEM
literacy and perhaps even STEM appreciation; STEAM by Design puts STEM fields and
practices into value-based action. As more schools join in the Maker Space Movement with
tinkering labs and places where ideas can be explored, constructed, and tested, the next
natural step is to focus this energy on contributing creativity out in the school community.
The natural sciences are concerned with how things are designed; on the other hand, they
are also concerned with how things ought to be (Simon, 1969).

Design Science
What relationship does science have with design, or for that matter, design with
science in K-12 education? (Buckminster Fuller Institute, n.d.). Science textbooks in K-12
explore earth and space science, life sciences, and physical sciences. Next Generation
Science Standards (NGSS) include life, physical, earth, and space sciences, with the
important addition of engineering design and its iterative process that designers also use.
Imagining how things ought to be is often merely an inclusive response to how things are.
Design processes routinely delve into the physical sciences. Architects and urban planners
investigate sites and locations by materializing ideas in relationship to climate, weather,
soil conditions, etc.; using “building sciences,” they devise optimum, climiticized and
energy resourceful solutions to fulfill human needs.
Analyzing conditions in depth creates new collections of knowledge that can anchor
children’s understandings of the physical world that surrounds them. Interior architects
and industrial designers connect directly with ergonomics and behavioral sciences through
developed knowledge of how people use things, interact with each other, and with
systems, media, and environments. Programming function and use of objects and spaces
relates people to interactivity, spatial parameters, and environmental needs. Designers use
material science in developing innovative uses for new hybrid materials, improving
performance, and, often, enhancing new properties. Urban planners and civil architects
study, design, and propose hydraulic systems, complex urban infrastructure, streets, roads,
bridges, and transportation systems studying and developing engineering science. These
practices utilize scientific knowledge and use design as a science to inform and regularize
the process.
Design and science make use of each other’s methodologies. The interplay between the
design body of knowledge and the science body of knowledge magnifies results when both
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are used in investigation and proposition. The processes clearly intertwine when
interrelationships and connections between fields influence, disrupt, and inform life
systems. While both science and design focus on convergent study of particulars, they both
are also informed by divergent study of relationships with expanded fields. This dynamic
flow opens linear thinking to unexpected innovations.
Nigel Cross’s (2001) Designerly Ways of Knowing: Design Discipline Versus Design
Science attempts to distinguish between scientific design, design science, and the science
of design. He defines scientific design as modern industrial design practice reliant upon
scientific knowledge mixed in with intuitive and non-intuitive design methods (p. 4). On the
other hand, he defines “design science”—a term first identified by architect and inventor,
Buckminster Fuller and later developed into a definition of design as a scientific activity in
itself by S.A. Gregory (1966):
The function of what I call design science is to solve problems by introducing into the
environment new artifacts, the availability of which will induce their spontaneous
employment by humans and thus, coincidentally, cause humans to abandon their
previous problem-producing behaviors and devices. For example, when humans have a
vital need to cross the roaring rapids of a river, as a design scientist I would designthem
a bridge, causing them, I am sure, to abandon spontaneously and forever the risking of
their lives by trying to swim to the other shore (R. Buckminster Fuller, n.d.).
The Buckminster Design Science site, defines design science as activities integrating the
natural and the built (or artificial) environments. This approach moves traditional
engineering to a more relational field that dynamically responds to change. Design science
is a problem solving approach that entails a rigorous, systematic study of the deliberate
ordering of the components in our universe (Buckminster Fuller Institute, 2015).
Design science and the science of design seem to be convergent and divergent
definitions that are interconnected in the process of human investigation and innovation.
Design is an essential set of activities that challenges K-12 students to integrate what they
are learning in disciplinary classes into real world transdisciplinary applications. STEAM by
Design equips students with the skills to become active participants and contributors
(rather than purely consumers and spectators) to discussions, debates, and designs for
improving living. With active investigation, design science assists schools and students in
clarifying their own goals for the future and in developing appropriate technological and
institutional missions to meet these goals. Developing relevance in schools builds
responsibility.

Adding ‘A’ to create STEAM
Providing a philosophical foundation for life-long learning, arts education aims to be a
vehicle for creating, performing, presenting and producing, responding and connecting,
personal realization, connectors to culture and history, and a means toward wellbeing and
as a process of community engagement. New National Art Education Standards emphasize
creating, responding, and connecting (NAEA, 2014). The arts remain a medium for ideation
or the conceptualization, study, and exchange of ideas. The arts are a collection of skills
and thought processes that transcend all areas of human thought (Sousa & Polecki, 2013,
p. 17). Elliot Eisner’s (2002) classic “Ten Lessons the Arts Teach” lists art education’s
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perception of the relationships that, in many ways, can be aligned with STEM
competencies and design aptitudes:









Perception of relationships (identifying patterns)
Attention to nuance (looking closely)
Perspective of multiple solutions and multiple answers (iterative process)
Ability to shift goals (resiliency)
Permission to make decisions in the absence of rules (invention)
Use of imagination as source for content (innovation)
Acceptance of operating within restraints (controlled variables)
Ability to see the world from a visual perspective

Looking at NGSS (2014) crosscutting concept skills required of scientific and engineering
practices, we find similarities to necessary art and design skills:








Patterns: nature patterns to urban patterns
Cause and effect
Scale, proportion, and quantity
Systems and systems models
Energy and matter
Structure and function
Stability and change

 Figure 2 Looking at the iterative design process, the evolution, conceptualization,
and

testing of ideas reflect engineering practices (Design Process, NEXT.cc, 2012)

Ideation is an iterative process that involves reflection, evaluation, and testing (Figure
2). Reflection implies development of critical thinking and value judgment as to quality and
integrity of the idea, its potential and its viability. Art and design exist in and create
cultural, historical, and social contexts. While some art and some design instruction is skillbased, precedent-based, and teacher-led, much more time in art and design studios is
spent on student-led development and the defending of individually conceived projects.
This time opens the mind to deeper critical and descriptive languages, and increased
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language leads to a greater understanding of relationships. These thought processes
continue on in the iterative testing practice of engineering. Artists and designers research,
organize, develop, and refine their work much as engineers research, hypothesize, test,
and evaluate their work.
Arts-based learning has emerged as an experiential and interdisciplinary approach to
STEM education that is increasingly seen to offer a distinctive new set of tools to
advance creativity and engagement among STEM learners (Seifter, 2014).

Adding the Silent ‘E’: Environmental Education
The environment, both built and natural, connects the world at large with the world of
imagination. As governments globally rethink relationships between the built and natural
in response to changing climate and a globalizing economy, schools need to recognize the
environment as a priority across the curriculum. A project-based STEAM by Design
approach better prepares students with the ability to cross-pollinate ideas and to explore
new areas between the built and the natural. Education, in order to affect environmental
and social issues, needs to develop expertise in future generations and equip them to be
active participants in deciding urban issues (Brown, Cook, & Gabel, 1978). These
competencies, called “eco literacy” by the Eco literacy Foundation, demonstrate a personal
affinity with the earth through outdoor activities. Noting a three-decade interrupt of
advocacy for environmental stewards, the urbanization of the world from the 1950’s selfsufficient agrarian populations to the current linear metabolism of the petropolis urban
areas reliant on nonrenewable fossil fuel driven transport of people, goods and services,
makes the charge for education an emergency situation.
The creation of cultural and environmental sense of place, purpose, and stewardship
broadens STEAM education (learning about natural science and the way the natural world
works) to include human ecology (the study of people as a force that is part of nature)
necessary for survival. In Earth in Mind: On Education, Environment and the Human
Prospect, David Orr (2007) writes, “All education is environmental education” (p. 12). Earth
Day is every day at school and home. Children have inherited political and economic
structures, and they have inherited an even greater responsibility to evaluate the future of
living better on earth. In a systems approach, adding eco literacy as a new literacy to
schools filters traditional subjects through larger earth, air, and energy cycles. Discrete
subjects in classrooms spill out onto the schoolyard and cross over into the school
community to root children’s imaginations in the climate, topography, and landscape of
the places where they live and learn. The National Environmental Education Foundation’s
(NEEF) research shows that almost 100% of young children believe that the earth is worthy
of caretaking (NEEF, 2010) (Figure 3). STEAM by Design charges academic learning with
making environmental connections.
The Designing mind engages ideas with the environment across a range of connected
scales. Learning by design develops critical thinking, investigative skills and analytical
reasoning as it engages materials. It looks for patterns in diverse bodies of information
asking individuals to build new sets of understandings. Design learning is motivational
because it moves beyond memorization to selective experimentation and actualization of
ideas. This exciting way of learning ignites the imagination, develops agility, learns from
failure, and engages participants emotionally with what is around them (NEXT.cc, 2010).
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Figure 3 National Environmental Education
Foundation STEM & Our Planet
(NEEF, 2012)

Figure 4 Ten Apps for Taking Technology
Outdoors (NEEF, 2013)

There are many ways that place-based design projects encompass design,
environmental education, and traditional STEM teaching and learning. Projects connect
science with the wonder of the built and natural world. Scientists and designers look to
learn from nature in a time many are calling a human “Bionaissance.” First used by E. O.
Wilson, Biophelia is the urge “to relate to other forms of life.” Bionaissance is a time when
invention and technology attempts to create, communicate, and collaborate in ways
analogous to nature. The Biomimicry Foundation’s “Ask Nature” site offers answers to
students’ questions about how nature answers the need to navigate, land, fly, change
colors, strengthen, etc. It is a time when technology invites new investigations into seeing,
exploring, and knowing (Figure 4). The enquiring mind connects engineering with the
environment by connecting human production and consumption with larger earth, air,
water, and food issues. The enquiring mind connects math, geometry, and geography with
music and parametric data streaming, listening to inaudible and invisible languages of the
earth and its ecosystems. Architecture is art and science together in culturally constructed
landscapes for living, working, learning, and playing in harmony with the environment.
While other conflicts in education press for attention, the need to connect children with
the very places where they live and learn seems to remain a silent, but essential need.
Few teacher education programs include environmental information and skills, leaving
schools without the expertise to prioritize the environment across the curriculum. While
environmental education centers, programs, and schools are increasing, the number of
built environment programs in the United States is still almost nonexistent. The North
American Environmental Education Association (NAAEE) created standards and assessment
protocols for environmental education in US schools, but few schools have adopted them.
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In addition, environmental science jobs are expected to increase faster than any other
occupation through 2022 (The US Bureau of Labor Statistics, Environmental Scientists,
2013). Including environmental studies in the STEAM equation improves the diversity of
the STEM pool, resulting in larger STEM-literate populations and contributing intelligence
and imagination interested in addressing environmental health issues and social justice
equity of resources.

Figure 5

Nature Play Workshop (NEXT.cc, 2015)

Adding Design because it is STEAM
STEAM represents the economic progress and breakthrough innovation that comes
from adding art and design to STEM (Science, Technology, Engineering, and Math)
education and research: STEM + Art = STEAM. The tools and methods of a studio-based
education offer models for creative problem solving, flexible thinking, and risk taking that
are needed in today’s complex and dynamic world (RISD’s STEM to STEAM).
Design combines science and art, reconciling diverse information across natural and
artificial systems. Design processes open complex interactions and morally charged
decision making relating the built and the natural worlds. Design facilitates
relationships between physical and social environments; the advent of sustainable
design proposes solutions to social problems, provides conscientious living strategies,
and creates local and global ecological economies.
Design conceptualizes through critical ideation and evaluation, in a series of steps,
events or activities. The design process is often non-linear and complex, involving
simultaneous consideration of multiple types of information. The product of the design
process can occupy physical space, like an object of any size or scale; it can be a space or
an environment; it can be an experience or interaction with a system or media. Designed
products may be time specific, like a performance, or conceptual, like a theory. This very
complexity of design is what makes it a living practice.(Figure 5). In direct contrast to
directed instruction to teachable goals, the very open ended nature of design can be
intimidating to teachers educated to teach in a linear pedagogy. But science and creativity
are messy affairs. Innovation occurs in unexpected places.
Design is everything humans configure in the world with intent. Design is
simultaneously a noun (a thing, many things) and a verb (an activity, many activities).
Design is in the interconnectedness of scale: nano, pattern, object, space, architecture,
neighborhood, urban, region, and the world. People wear designed clothes, eat designed
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food, use designed objects daily in designed environments while taking designed systems
to move through yet other designed rooms, spaces, and events. Most humans spend 90%
of their lives in designed environments (EPA, 2011). Design provokes experiences with
objects, media, information, and space, and it facilitates relationships between the
physical, social, and ecological environments. Design thinking connects students and
teachers to sustainable design practices and explores solutions to social problems. Design
innovates and tests conscientious living strategies and proposes local and global circular
economies. Design introduces active place-based project learning allowing imagination a
foundation to build experience and confidence.
Design thinking involves insight and imagination to introduce new ideas. Intuition
complements the design process with subconscious thought patterns moving between
convergent (focused) and divergent (open) thinking. Analytical assessment, testing, and
evaluation of ideas involve perseverance and reason. Design thinking is fluid across these
traditional subjects as it learns from existing approaches and identifies and proposes and
creates new ideas and opportunities.
According to Dr. John King there is no substitute for hands-on fooling around with real
stuff (Gabrielson, 2013. p. 23). Like engineering, design is an iterative process. Like
tinkering, design constructs and tests ideas. Like problem solving, design may explore
electronics, robotics, mechanics, hydraulics, meteorology, biology, nanotechnology,
chemistry, physics, sociology, philosophy, etc.! By adding design, the fusion of art and
science, STEM subjects transform into STEAM thinking. Education needs integration
across subjects. STEAM teaching uses the immediate environment as an essential
learning resource.

STEAM by Design
STEAM by Design connects art, architecture, engineering, and construction as dynamic,
creative drivers of twenty-first century innovation. Connecting young people to the very
places where they live and learn, STEAM by Design studies how culture, society,
technology, and the environment shape ideas. Accessing architecture as a STEAM by
Design subject, participants draw, paint, write, sketch, animate, model online inside, and
become architectural investigators outside the classroom. ELearning STEAM activities link
with virtual field trips, global institutions, museum collections, and global art, design, and
architecture practices. Participants research relationships between objects, people, and
space brainstorming ideas to solve problems. In STEAM by Design, construction is part of
larger energy, water, and air and material systems. Students analyze sites, develop
programs, experience the iterative design process, and design making. They propose
streets, bridges, buildings, cities, and landscapes. Empowered to collaborate, create, and
communicate, students become active participants, place makers, and urban stewards of
the built and natural environments.
STEAM by Design as a learning platform emulates the entrepreneurial mindset and
develops the individual’s ability to turn ideas into action (World Economic Forum, 2009).
The Enquiring Minds Report (Morgan, et. al., 2007) explores how students’ ideas,
interests, and experiences can inform the content, processes, and outcomes of teaching
and learning in schools. This student selected approach aligns with design not only as an
1108

STEAM by Design

individual practice, but also as a team effort for students working on self-initiated topics.
STEAM by Design is inclusive of built environment education and the rich tradition of
architectural education. Created by craftsmen, canonized into classical language theories in
the Renaissance, and polemicized by societal changes and technological innovation during
the Enlightenment, architecture education learns from the past and the present in
imagining the future. It has centuries-long (and polarized) history of connecting
communication with collaboration and creation. It thrives on social response as well as
material and construction innovation. Like its natural counterpart, built environmental
education, it is, more often than not, left out of K-12 due to lack of teacher training.
STEAM by Design education draws on constructivist learning methods, made popular in
the early 1900s. Exploration and adaptation within different learning environments allows
students to add to a required framework of basic knowledge without changing that
knowledge. STEAM by Design draws upon the active learning methodologies of design
education and tests new ideas on a foundation of learned knowledge. It leads to processes
that result in creativity, innovation, and continued growth and exploration of the world
(Zhao, 2012). This process needs to be introduced to teachers teaching in K-12 (Figure 6).
When teachers experience the design process first hand and are encouraged to create
rubrics for assessment that are holistic, they also experience active learning.

Figure 6

Teacher professional development workshops in schools and museums

We want them to be able to pursue independent enquiry in whatever subject, in
whatever discipline, whether it’s in school or not. We want to get them excited about
learning. Teacher (Morgan, et. al, 2007, p.ii ). It is a bit like your own lesson where you
teach yourself by doing things. . . .It’s a bit like teaching yourself to work individually.
Student (Morgan, et, al., 2007, p. ii).

STEAM by Design and Next Generation Science Standards
NGSS crosscutting concepts provide students with interdisciplinary connections and
intellectual tools, enriching opportunities for introspection, interaction, and disruptive
innovation. Transdisciplinary concepts have been a part of science education for over two
decades: Science for All Americans Benchmarks, AAAS, (1989) site unifying principles in
National Science Education Standards (1996) and NGSS ‘cross-cutting concepts’ in National
Science Teacher’s Association’s Science Anchors (2010) engage design with engineering’s
iterative testing and discovery of how the world works. Today, NGSS crosscutting concepts
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move toward interdisciplinary and transdisciplinary discovery of core concepts while
students look for systemic patterns, systemic cause and effect, stability, and change in the
dynamic ecosystem that is our world (NGSS Framework, 2012). NGSS now combines
disciplinary core ideas in physical, life, earth, and space science with scientific and
engineering practices and crosscutting concepts, embedding design concepts, architecture
(built environment), and environmental education. For hundreds of years, designers,
scientists, and engineers have collaborated and educated each other with their inventions
in the building of our cities. Architects mapped and studied maps of cities from Vitruvius
(layout of towns) to Leonardo to Nolli (Plan of Rome) to Haussmann, L’Enfant, and today’s
planners. They studied the skies and the movements of planets and stars constructing
healthy places to live based on natural occurrences. Students looking together at
information opens opportunities for constructing new relationships and cross-pollinating
new ways of knowing.

NEXT GENERATION SCIENCE
S T A N D A R D S for E L E M E N T A R Y 3 - 5
Physical Science
PS1
PS2
PS3
PS4
NGSS

Life Science
LS1
LS2
LS3
LS4
NGSS

Physical Science. Matter and Its Interactions
Motion & Stability: Forces and Interactions
Energy: Definitions; Conservation; Forces; Chemical
Waves & Technological Transfer of Information
Disciplinary Core Standards Reviewed

pp. 02 - 03
pp. 05 - 08
pp. 08 - 11
pp. 11 - 14
pp. 15 - 18

Molecules to Organisms: Structures & Processes
Ecosystems: Interactions, Energy, & Dynamics
Heredity: Inheritance and Variation of Traits
Biological Evolution: Unity and Diversity
Disciplinary Core Standards Reviewed

pp. 19 - 22
pp. 23 - 29
pp. 29 - 30
pp. 30 - 33
pp. 34 - 36

Earth and Space Science
ESS1
ESS2
ESS3
NGSS

Earth’s Place in the Universe
Earth’s Systems
Earth and Human Activity
Disciplinary Core Standards Reviewed

Engineering, Technology, & Applications of Science
ETS1:A
ETS1:B
ETS1:C
NGSS

Figure 7

Engineering Design
Developing Solutions to Engineering Problems
Optimizing the Design Solution
Disciplinary Core Standards Reviewed

pp. 37 - 40
pp. 41 - 47
pp. 48 - 53
pp. 54 - 56

pp.57 - 61
pp.61 - 63
pp.63 - 64
pp.65

NGSS standards for 3-5 (NEXT.cc 2015)

STEAM by Design eLearning 24/7
Open discovery networks access 24/7 mobile media platforms that introduce design
thinking and making for everyday learning. With technology as a subject as well as a
medium, digital fluency uses eLearning to engage students and teachers before, during,
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and after school. Middle school minds have more neurons than adults, and use digital
technology for socializing and learning (Project America, 2015). Project Tomorrow (2014)
extensively studied the use of media in grades 3-5, middle, and high schools in terms of
student personal access to mobile devices. Project America (2015) reports that 76% of
middle school students use smartphones, 66% use laptops, 61% use tablets, and 48% use
digital readers. High school students report texting classmates for clarifications, taking
photos of assignments with mobile media, watching educational videos, collaborating via
Facebook, and Skyping or iChatting about homework. There are more advanced and
beginner tech female users than male, stressing the need to integrate technology into
teaching STEM subjects in high school to diversify STEM-literate and STEM-ready
populations. The National Environmental Education Foundation reports that nearly four
out of five students decide to study math and STEM in high school or before. Using
technology to teach and teaching about technology are different, but both necessary.
Technology continues to encroach upon the everyday lives requiring frequent evaluation
for relevance, necessity, and impact on planning future learning; educators must plan
classroom technology and teacher digital fluency. For today’s students, learning is 24/7.
NEXT.cc’s two year relationship with Teacher Professional Development in-services,
curricular alignment with online journeys and place-based projects with the LaCrosse
Design Institute showed promising results with students’ reading scores improving higher
than the national rate and math scores improving to the national rate (Klein, 2013).

Figure 8 eLearning Connecting the World of Learning NEXT.cc’s Tools, Languages, Discovery and
Design online Journeys
Informal eLearning introduces integrative research and divergent experimentation of design to
nurture the imagination. STEAM by Design eLearning uses everyday digital technology to
connect formal learning with informal learning, blurring boundaries and investing in
lifelong learning mindsets. The blurring of boundaries shifts the teaching of disciplines to
the teaching of “topics.” NEXT.cc assists school districts in connecting disciplines in designbased projects that are conceptually framed in topics. By linking scales of design effected
by topics, students are introduced to systems thinking and relational thinking. (Figure 8)
On the NEXT.cc website, teachers and students self-select combinations of scales,
disciplinary subjects, and topics. The website encourages multiple entries to attract
diverse learner types to explore and discover. Setting students and teachers up for inquirybased learning deepens project-based teaching. Students and teachers report that using

1111

LINDA KEANE, MARK KEANE
online resources helps to expand design opportunities and build informed decision
making; it allows for the student to process, rethink, and redesign with new information
over time (Escuela Verde, 2014). STEAM by Design creates contexts for focused attention
and extends concentration through initiation to execution of ideas. Repeated as a process
in response to different issues, design exercises and expands minds. Concentrating focus,
selecting strategies and objectives, and realizing ideas build resilience.

Figure 9

NEXT.cc Scale Structure

eLearning with a DESIGNopedia
Accessing the everyday technology of laptops, digital pads, and cell phones, NEXT.cc
connects teachers and students as active, online learners integrating virtual field trips,
museum interactives and contemporary art, science, and design practices. ELearning
support brings the world into remote classrooms while expanding learning outside of
school time. (Figure 10) Expanding the net of learning opportunities expands the catch of
imagination for STEM literacy. When learning actively moves from videos and online
interactives and apps into making projects in the classroom and out into the school
community, students and teachers become fluid inquirers fully using everyday technology
in real world applications.

Figure 10

NEXT.cc eLearning Expansion 2014

The DESIGNopedia of NEXT.cc, created in 2007, introduces online transdisciplinary
activities for students to informally investigate ways of knowing about the world that are
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topically connected to contemporary ways of exploring the world. Design thinking,
research, process, and making activities connect easily to other knowledge fields
collaborating and sharing knowledge to inform solutions to situations that need
improvement. Introduced to and modified by teachers in over one hundred professional
development workshops, over 90% of teachers surveyed responded that this way of
reaching learners was important. The majority of responders did not introduce design in
art or science classes prior to the workshop. Workshops with elementary, middle school,
and high school students instantly engaged learners, some without art, others not
interested in science or mathematics, to new modes of learning not encountered before.
Workshops sparked a new and greater interest in learning in general. In every instance,
students investigated areas in their schools that could be improved with ideas explored
using physical and digital tools. Post workshop, students reported enjoying the opportunity
to imagine new ways of existing in spaces; they also reported that they felt more
connected with careers that continued the type of work they had encountered in the
workshop as real employment possibilities. ELearning is a leapfrog system that supports
informal STEAM interests of students, pedagogy of teachers, and transformational change
in school communities.
Creativity and innovation matter in today’s global economy. President Obama
announced ConnectED, an initiative to create access to professional eLearning
opportunities for teachers and students. NEXT.cc’s online eLearning activities, research
links, and access to everyday digital tools are valuable and needed as a ConnectED
creativity and innovation resource that blurs learning, work, play, and fun with global
citizenship. For resiliency, adaptability, and creativity, teacher education and K12
education needs design pedagogy, cultivating “enquiring minds” in student-lead and
student-initiated projects. Nationally, STEM education, needs expansion to STEAM
opportunities. Other countries are shifting from teaching traditional subjects to teaching
‘topics’ (Dolasia, 2015). According to Eileen Pollack, “Last year, the President’s Council of
Advisers on Science and Technology issued an urgent plea for substantial reform if we are
to meet the demand for one million more STEM professionals than the United States is
currently on track to produce in the next decade” (New York Times, 2013). With STEM jobs
on the increase and not enough students to answer the need, curriculum that expands and
diversifies a STEM-literate and STEM-ready population can be achieved through
development of design opportunities for students.
NEXT.cc’s DESIGNopedia offers informal STEAM by Design topical opportunities. With
95% of U.S. jobs requiring some use of technology, digital fluency, or access to and use of a
broad range of media,it is essential that resources connect teachers and students with
current apps, digital programs, educational gaming, simulations, data collection, and
parametric streaming. NEXT.cc’s DESIGNopedia introduces online interactive drawing,
modelling, and analyzing tools that develop an individual’s ability to create, communicate,
and collaborate with everyday technologies. NEXT.cc has been working in this arena since
2007, engaging youth in the format most familiar to them, the Internet, bridging the digital
divide with teachers. With climate change affecting energy use, today’s employers seek
students with environmental education experience and knowledge (NEEF, 2010).
NEXT.cc’s DESIGNopedia, recognized as a 2011 National Green STEM Innovator and for
Excellence in Green Building Education by the United States Green Building Council,
develops critical thinking about human activity in the built environment related the natural
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environment. Today’s teaching emphasizes assessments and grades rather than nurturing
the student’s passion to learn, play, and create (Wagner, 2012), flattening human creative
potential and diversity to solve problems facing our sustainable future. With the US falling
scores in math and reading, two out of three eighth graders are not proficient in math; two
out of three eighth graders can’t read proficiently (PISA, 2012), the country’s innovative
edge falls as well. With U.S. population slated to be 50% minority by 2050, the educational
system must develop new, innovative programs outside of the current educational system
to engage more individuals before they drop out of school. In addition, K-12 education
needs to support non-college students (two-thirds of the U.S. population) for lives of
purpose. As other countries shift effective teaching from the delivery of instruction to the
building of an education system and curriculum around the potential of the learner
(Bolstad & Gilbert, 2012), NEXT.cc supports twenty-first century technology accessed
informal learning in STEAM-related contexts for students and teachers. NEXT.cc hits the
twenty-first century learning sweet spot! (Wasserman, 2012). It is brilliant scaffolding for
design-based learning. NEXT.cc delivers content in context embedded in templates and
tools. It is at the right level between abstract concept and concrete instantiation. It builds
both subject matter mastery and meta-cognitive skills. It reifies domain knowledge
transparently as generative engagement. Seamlessly, it inculcates habits of attentive
observation, heuristic discovery, and self-reflection. It speaks epistemological authority
with a light, non-pedantic voice. Beyond all that, NEXT.cc is intrinsically motivating, which
is the fancy term for FUN! (Wasserman, 2012).

Life is Transdisciplinary
The future is transdisciplinary, so interdisciplinary action between and across discrete
subjects is necessary in schools today. Teachers must cultivate opportunities for studentselected integration of subjects for innovation. Acknowledging that information is
accessible and constantly under construction, students need to have opportunities to
construct knowledge pertinent to projects and be encouraged to pursue making, tinkering
and testing while still in school. Standard academic foundations must now serve as “kickstarters” for real world practices. According to Martinez and Stager (2013), “creation is the
heart of creativity and is only meaningful when grounded in action—it’s not a feeling, a
mindset, or an outcome” (p. 80). These sentiments resonate back to Dewey’s work in
Experience & Education when he writes that if an experience arouses curiosity, strengthens
initiative, and sets up desires and purposes that are sufficiently intense to carry a person
over dead places in the future, continuity works in a very different way. Every experience is
a moving force (p. 38). American K-12 education needs design education to instill ethical
imagination, to raise focus and relevancy, and to introduce failure and fun. Self-directed
learning connects informal learning into a growth mindset for life-long learning. Innovation
and problem-solving are hard work. Let STEAM by Design begin in our schools!
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Abstract: This study is part of on-going action research between an Art and
Design programme at the University of the West Indies with local children aged 4
– 12. This paper reports on a service learning and participatory design project
undertaken between the urban university students and children from
Guayaguayare, a rural beach village in Trinidad and Tobago the Southern
Caribbean. This intervention was developed around a reading programme, where
schools are supplied with books by an NGO that then creates fun reading
‘experiences’ around the donated books. In this specific programme, groups of
children from the primary school were partnered with Design and Fine Art
students of the university. The design students guided the children aged 7 – 9,
through the development of their own storybooks based on the donated books.
By using a design and literature-centred approach, the activity aimed to interest
the children in aspects of the primary school curriculum such as reading and
writing, and to help them connect with curriculum content such as language arts
and mathematics, as well as introduce non-curricular aims such as building their
confidence in themselves and their identities as Caribbean children. This paper
analyses and documents the experiment and shares its successes and challenges,
and the resulting storybooks created by the young children and their university
student mentors.
Keywords: Service Learning, Literacy, Participatory Design, Design Education,
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Introduction
In November 2014, university students from the Final Year Art and Design classes of the
University of the West Indies (UWI) embarked on an excursion to Guayaguayare, the
southeasternmost village in Trinidad and Tobago with the aim of promoting reading among
children of the rural Guayaguayare R.C. School through art and design. Though Southeast
Trinidad is where most of the oil exploration takes place in Trinidad and Tobago, and
Guayaguayare is host to several multi-national oil companies, it is primarily a sleepy fishing
village. It was the first part of Trinidad that was sighted by Christopher Columbus on July
31st 1498.The students’ excursion to Guayaguayare would take several hours, and would
take the students to a remote part of the island that most would never have seen.
The students’ mission on this trip was to engage the boys and girls of standards 1, 2 and 3
(approx. aged 7 – 9) at the Guayaguayare R.C. and to promote reading. This was the second
year that the Visual Arts Unit of the UWI and the Bridge Foundation, an NGO with
promoting reading as its main agenda, had collaborated, but it was the first time that the
Design students had participated in this activity, as the year before only Fine Art students
participated in this project by creating murals in the school.
The Bridge Foundation champions the promotion of reading in several schools in Trinidad
and Tobago. The Read to Rise programme is part of the Bridge Foundation’s early literacy
initiative, which promotes reading for children age three (3) through eight (8). It is a simple
concept, in which teachers, children and families collaborate to read and exchange books
using a rotation method, to gently introduce books, to encourage reading between child
and parent and to promote family- school- literacy collaboration, (Bridge Foundation, n.d)
and it is a best practice model used by schools internationally. The project with the
students from the UWI, followed soon after the ‘Read for the Record Day’, which is a global
project dedicated to reading the same book on the same day in in communities all over the
world. (Jumpstart, n.d.). The UWI students were therefore meeting children who had
already focused on a few specific texts on ‘Read for the Record’ Day.
The Design students had a very specific assignment: Help the children to create stories
that could be developed into illustrated books for children. This assignment was meant to
promote reading among the children by encouraging them to create their own stories,
which they would then be able to see as books later on. The UWI students were to engage
the children through many means e.g. by playing games with them, asking them about the
books that they had already read and by getting them to draw imaginary characters and
make up stories about them. The design students would listen to their stories, that should
have been inspired by the books that they had read recently, document these stories and
then they were then going to develop illustrated books around these new stories.

Constructivist Learning theory
This activity is based on constructivist learning theory. Constructivists view learning as
the result of mental construction and learning takes place when new information is built
onto an individual’s current structure of knowledge, understanding and skills. ‘We learn
best when we actively construct our own understanding.’ (Pritchard, 2013 p.18) In
constructivist learning theory all learning (in particular school learning) can be placed
within four areas: Knowledge, concepts, skills and attitudes.
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This activity takes into account the prior knowledge; understanding and skills of both
the university students and the primary school students, and both groups are able to
contribute to the exercise on equal terms. The children contribute the content of the story
by sharing their life experiences in the village, the literature that they have read, and their
hopes and dreams. The university students contribute to the experience by interpreting
and illustrating the stories. They even have the freedom to choose an illustration style
compatible with their own skill levels or lack thereof.
Wray and Lewis identify four aspects of constructivist theory that are of paramount
importance that learning is a social, situated and metacognitive process and a process of
interaction between what is known and what is to be learnt. (Pritchard, 2013 p.32). Wray
and Lewis go on to formulate four principles for teaching and learning:
Learners need enough previous knowledge and understanding to enable them to learn
new things; they need help making explicit the links with new and previous knowledge.
Provision should be made for social interaction and discussion in groups of varying
sizes, both with and without the teacher.
Meaningful contexts for learning are very important; (what is meaningful for a teacher
may not be meaningful for a child).
Children’s awareness of their own thought processes should be promoted.
Care was taken throughout this project to ensure that these four principles guided the
structure of the project and therefore prior knowledge of both groups of learners was
considered. Social interaction and discussion was built into the project at many stages
through the interaction with the children at the start, and later on after the first drafts had
been completed, and discussion and critique as a class at several stages during the design
development process. Meaningful contexts were created through the social interaction
between the university students and the children who were allowed to socialize without
the intervention of the university lecturer or the primary school teacher. The children
played a very active role in leading the discussion around the content of the stories. They
were invited to reflect on what they themselves would want to read or write.

Theory of multiple intelligences
Howard Gardner’s Theory of multiple intelligences proposes that we all have various
levels of intelligence across a range of intellectual areas. Gardner defines nine:
Linguistic
Spatial /visual
Intrapersonal
(Pritchard, 2013 p.38).

Logical/mathematical
Kinaesthetic
Naturalistic

Musical
Interpersonal
Existential

During the experience in Guayaguayare, the project made use of all except
logical/mathematical and musical. Since participants were required to explore language
(linguistic), drawing (spatial/visual), relationships with new people (intrapersonal). They
practiced physical activities such as games and movement activities during the
engagement process (kinaesthetic). They worked outdoors and developed stories around
themes related to Nature and the environment (naturalistic). Both groups were allowed to
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reflect on their activities and use self-motivation to complete their tasks (intrapersonal).
There was significant discussion about life and death during the engagement process,
resulting in one book about the theme of death (existential). In the production phase of
the books, the design students also draw on their logical/mathematical intelligences in
developing the sequencing of the stories, and in laying out and preparing the books for
printing and binding.

Design Strategies
P ARTICIPATORY DESIGN
This project also served as a means of introducing the students to participatory design
or co-design methdologies. Co-design refers to the ‘creativity of designers and people not
trained in design working together in the design development process’ (Sanders). It is the
act of designing collaboratively among all stakeholders including designers and nondesigners. Sanders and Stappers affirm that the application of participatory design
practices (both at the moment of idea generation and continuing throughout the design
process at all key moments of decision) to very large scale problems will change design and
may change the world. Co-design focuses on procedures and processes and not on
aesthetics and can be seen as a way of empowering users and democratizing the creation
process. Though this project could be viewed as a ‘small-scale design problem’, it
nevertheless provided an opportunity to introduce students to co-design and an
opportunity for them to apply participatory design methodologies in the development of
their designs, methods that will inform their future design practice.
D ESIGN STRATEGIES AND PROCESS
Students used different design strategies / techniques to accomplish the tasks based on
their own skill or competence in illustration – ranging from completely hand drawn
illustrations to fully computer illustrated versions.
However they all followed a similar design process:
Design Brief from project partner (and lecturer)
Engage with primary school students to gather content for the storybooks
Develop and Edit the story
Define the conceptual direction / establish design and illustration strategy (based on
time available and experience)
Generate Visual outcomes (1st and 2nd drafts)
Present to stakeholders for feedback
Make revisions and prepare artwork for printing
Public Launch at Literary Festival (Bocas LitFest 2015)

Benefits to all stakeholders
The university students taking part in this design challenge were able to develop their
metacognitive abilities while executing the required tasks. Metacognition can be simply
described as ‘thinking about thinking’, and it is related to combinations of information
around ‘self, task and strategies’. The metacognitive experience in this exercise is related
to the strategies that the university students had to employ to complete the task, after
reflection on their own abilities as illustrators. Regardless of their skill level, they had to
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develop appropriate design and production strategies to get through the task in a very
short space of time. They were also required to create or finish the story, even if the
information that they had been given by the students seemed sketchy or incomplete. The
students also gained experience in preparing print artwork since they had to prepare their
artwork for the printers that printed the samples and liaise with the print staff as
necessary. By the end of the task, in addition to the anticipated experience in layout and
illustration, the university students had acquired skills in lesson / activity planning,
facilitation and delivery, story telling, project reporting, project management, as well as
experience in facilitating participatory design activities.
The primary school students benefitted from this project in several ways. First they
were able to practice skills that were directly linked to their core curriculum such as: story
telling, including sequencing, creative writing, reading, writing, and drawing. Outside of the
academic experience, the children were able to engage with adults from the university,
who hopefully would be able to help the children broaden their worldview. On the return
visit to the Guayaguayare R.C School, several children declared an interest in writing more
books, buoyed by seeing drafts of the books that they had co-created. Children from the
University School where the books were also ‘tested’, were also inspired to create their
own books based on their own illustration, thus demonstrating the way the potential of
this project to empower and inspire young children to read and write their own stories.
The Bridge Foundation hopes that in the long term these types of interventions would
also have an impact on the teachers at the partner schools. The pedagogical style at many
rural schools in Trinidad and Tobago can be considered traditional, and in some cases outdated. This can be attributed to lack of exposure of the teachers (and sometimes parents),
the limited resources and the challenges of teaching and learning in poor rural
communities. One reason that the Bridge Foundation conducts these reading activities in
schools is to provide examples of other pedagogical styles, with the hope that there could
ultimately be an impact on the teaching style in these schools.

Project Implementation
This project took place in several distinct phases described below:
P HASE 1 - P REPARATION :
UWI academic staff and representatives of the Bridge Foundation met to declare and
agree on project objectives. These objectives were to promote reading by engaging the
children in various activities that would result in the development of stories that could be
used for children’s books.
The aim of the Bridge Foundation through this project was to promote reading in the
school, making linkages with books that the children had already read. A secondary aim of
the project was to provide ‘role models’ for the young children, by having them interact
with the university students, the children would have the opportunity to bond with young
people who could provide positive role models for them. A third aim of the project was to
provide examples of behaviours that could be modeled by the teachers, by providing
examples of different ways that art, books and reading could be used inside and outside of
the classroom.
One of the aims of the Visual Arts Unit was to provide an opportunity for Service
Learning, which is one of the ‘themes’ of the UWI. Service Learning is a teaching method
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that incorporates community involvement into coursework. This class-related community
involvement enhances students’ understanding of course materials. While deepening the
learning process in this way, students build a sense of civic responsibility. To be relevant
the Project however also had to have the appropriate grounding in design. The students of
the Design class had already had a background in graphic design and New Product
Development. The brief for this project therefore related to their prior learning and drew
on their prior knowledge in design, layout, illustration and product development. The
students also had to use their project management skills to develop strategies to execute
the project within a very short space of time.
P HASE 2: - S TUDENT BRIEFING :
Students were given the project brief in a class devoted to preparing the students to
meet the project objectives. In this class students discussed several relevant topics that
provided vital background information for the project such as life in Guayaguayare and
rural Trinidad and Tobago; how to tell a story; how to promote literacy etc. A general
theme for the stories/activity was selected “What is it like to be a child in Guayaguayare”.
This theme was chosen so that the child would have a theme that was ‘close’ to their
reality that would drive the exercise.
An ‘Interaction Control Sheet’ with ‘triggers’ that they could use to help them illicit a
story from the children was prepared. The recommended steps and activities were to start
with an icebreaker e.g. asking the children about books that they had already read
recently, and discussing the parts of a story or different genres of stories. Four ‘trigger’
activities were presented then do an activity that would lead to them telling another story.
Activity 1 – ‘Telling group stories’ Each child in the group tells a sentence from the story.
The child must know if their sentence is part of the beginning, middle or end. Use a
‘trigger’ from the local environment to start the story.
Activity 2 – ‘Reading stories’ Read a book to the children, and ask them to help you
change the parts of the story – tell a new version of that story with components related to
Guayaguayare.
Activity 3 – Drawing stories
Make book ‘mock-ups with the children. Encourage them to draw their stories.
Activity 4 – Drawing Monsters
Let them draw characters for the stories such as ‘collective monsters’, using the ‘folddown’ method where they cannot see the other parts of the body that their colleagues
have drawn. See if you can develop stories around these characters
P HASE 3: A CTIVITY WITH C HILDREN
The University students worked in pairs with groups of four – eight children from the
Standards 1, 2 and 3 classes of the school. Some of the groups had both genders; some
groups were made up of boys only. The university students took their groups to work in
different parts of the school. Some worked in classrooms, some in stair wells, some worked
outdoors e.g. under a tree or behind the classrooms. This was to ensure that the activity
did not feel like a typical day at school.
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The students ‘broke the ice’ by introducing themselves to the children, and asking them
if they like to read, what kinds of books they enjoyed reading and who were their favourite
characters. They also discussed parts of the story – beginning middle and end.

Figure 2 University students, Marsha and Shahira work with the boys who preferred to stand rather
than sit. (Photograph courtesy Gerrel Saunders)

The school’s focus on ‘discipline’ became evident during the group interactions, as the
student in the image above noted: “We offered them to sit on the floor if it would make
them feel more comfortable but they did not want to. They seemed concerned about
getting their uniforms dirty.”
Some university students were able to follow one or more of the activities and have
stories, written by the children, as results. While others used the conversations with the
children to then write stories after the interaction with the children.

Figure 3 A University student, Jerome, reads to boys as part of the brainstorming process.
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Figure 4 Drawings by a student who chose to draw coconut trees and cars.

Figure 5 Mindmap developed by the children, recorded by a university student, around the main
character of a story.
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Figure 6 Children at work writing and illustrating their stories.

P HASE 4: R EFLECTION
The class session after the trip to Guayaguayare was dedicated to reflections on the
activity and decisions on the way forward. The university students commented on the
children’s excitement about being engaged to create stories. They also remarked on the
sterility of the school environment, such as the lack of green space, and play areas. The
space seemed to present some challenges in finding comfortable spaces to work.
Though none of the students actually used the control sheet to record their activities,
the university students indicated that the recommended activities on the ‘sheet’ were
useful, however in some cases they had to improvise and completely change the activities.
Several of the university students said that the children seemed to have a fascination with
‘dark’ themes e.g. they told several stories where characters died.
P HASE 5: P REPARATION OF THE FIRST DRAFT
By December 2014, 11 books had been developed as a response to the project brief.
Most of the content was derived from the interactions with the children, in some cases the
children co-created the story as a group, in other cases the university students developed
stories based on ideas that the children told them or even drawings that the children did,
one student contracted a writer, most wrote their own stories or used the children’s
stories. The themes of the stories reflected the environment and rural life of the children
and included themes about wanting to leave the small village, about friendship, saving the
forest, about oil spills among others. One book was developed with a focus on English
grammar, after the student realized that the children in her group had challenges with
using the correct tenses.
The drafts were prepared within two weeks and the completed first draft was due
within 1 month.
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Figure 21 Two ‘spreads’ showing the main characters of one of the books that were inspired by the
children’s drawings. Source: Josiah Duncan.

P HASE 6: TESTING OF THE FIRST DRAFT
The drafts were tested through several activities. First, feedback on the layout and
illustration and typographic choices, was given by the course lecturer and a second graphic
design lecturer. While some of the students were very comfortable with illustration and
created superbly illustrated books. others had challenges with their font choices,
illustration and technical ability. Surprisingly even some of the weaker illustrators were
able to develop successful books.
Next the books were analysed by a team of professionals including the Fine Art and
Design lecturers who were involved in the project, and members of the Bridge
Foundation’s team including a reading specialist. This feedback focused on the content,
language and appropriateness of the stories.
Despite concerns re: one book in particular, the Bridge Foundation, was very happy
with the results of this project, since culturally and contextually appropriate reading
materials that could be incorporated into future literacy programmes had been developed.
The general consensus was that the output was impressive given the short time and the
experience level of the students. The appropriateness of two of the books was questioned
as one dealt with the death of a pet, and the other referred to a taboo aspect of the female
anatomy. It was suggested that the anatomical reference be changed or edited out.
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Figure 22 Example of a student who is less comfortable with illustration but was still able to create a
satisfactory book. Source: Corneilia Ince

Figure 23 Polemic image from ‘Big Mouth’, which captured children’s attention and caused concern
among some of the reviewers. Source: Leann Gill

Some of the language issues of the university students also became more apparent
when this team reviewed the books, such as their writing ability, as some of them had
challenges with spelling and vocabulary and writing the copy (creating a rhythm or rhyme
in the text). Some of their literacy problems also emerged when they were required to
create a written report for the project.
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Subsequent to the review by the adult panel, two test readings were done among
children. First with a focus group of children from The University School, a private primary
school affiliated with and adjacent to the University of the West Indies and finally with the
original students of Guayaguayare Primary R.C. School. The University School children had
no ‘emotional attachment’ to the books, as they had not been part of the creative process.
They enjoyed the books and the themes that related to their lives, especially the ‘polemic’
one, which they asked to be re-read several times. The book about tenses was a favourite
among boys since it included a dragon – which was a character that they had
recommended. The children of Guayaguayare R.C. were very excited to see these books
that they had played a major role in creating. They declared that they were ready to create
more books.
It is interesting to note the changing preferences for the books according to the
audience that was evaluating them, the books that the design lecturers thought were the
most successful, were not necessarily the favourites of the Bridge Foundation, nor the
children, and the children were at times very attracted to some illustration styles that
could be considered very simple, especially if the story was humorous. There seemed to be
little difference in preference between the urban and rural children.
Finally the books were ‘launched’ at the Bocas LitFest in April 2015 at the National
Library in Trinidad and Tobago. At this festival students had the opportunity to gain
feedback from the general public that attended the literary festival over 5 days.

Figure 24 Spreads from ‘The Beach - Learn tenses through story time’. Source: Lee Lutchman
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Conclusions
This project exceeded the expectations of the UWI faculty and the project sponsor, the
Bridge Foundation by the dramatic personal and professional growth that was evident
among both the university students and the primary school students by the end of the
project. This is an example of Service Learning, which is a teaching method that
incorporates community involvement into coursework, and Participatory Design in design
education. In this project, design students were able to help Caribbean children create and
tell their stories, empowering the children by helping them to understand that they can
create publishable content.
This activity aimed to generate two different types of results. Firstly it was developed as
a way of engaging the children’s interest in reading, and secondly, but by no means of
lesser importance, it was developed as a way to get the university students to put into
practice their own experience in illustration design and design management in a ‘real-life’
experience. The project sought to create ‘meaningful contexts’ for learning for both the
primary school students and the university students. The success indicators for this project
are the children’s feedback, and their interest in creating more books, and the design
students’ professionalism in leading the children through the exercise, successful creation
and printing of the drafts. The project aim of promoting literacy was achieved while still
fulfilling the pedagogical aims of the Design programme at the University of the West
Indies, and the design students were able to apply their knowledge of graphic design,
layout, illustration to the project, as well as to practice their skills as project managers and
education facilitators, as they lead the co-design process. The project was also useful since
it forced students to reflect on their work, actively interact with their stakeholders, and
make changes based on the feedback of the stakeholders. The project was also moved the
design project into a real-life scenario which allowed students the opportunity to engage
with many stakeholders of the project such as the client, the children who provided the
content, the printers and the test market, and to understand in a real way the complexity
of the design development and production of an illustrated storybook.
Based on this experience, the Visual Arts Unit of the UWI will include this type of
project in the curriculum in the future since the students learned and grew so much in such
a short space of time using this type of constructivist approach The project sponsor aims to
use some of the books in future literacy programmes in rural Caribbean villages.
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Abstract: A methodology based on Human Centered Design is used within the
framework of an interdisciplinary research project, Design and Education, on
modeling the physical learning environments of chilean public preschools. This
methodology advocates an approach that consists in gathering information through
observing and recognizing actual user behaviour, to design more intuitive interfaces
and improve results in terms of usability and intuitive intelligibility. Within the field
of education, the physical learning environment is considered to be an additional
educational variable with a major learning impact. Modeling the learning
environment is considered as a facilitator of the continuous reorganization of the
physical environment according to educational objectives and practices, promoting
certain activities and inhibiting others. Human Centered Design is used as a
methodology in the design and development of the Physical Learning Environment
Modeling System. Design methods and techniques such as Mind mapping, Visual
thinking and Reversal Assumption are used to achieve a solution focused on
educational habitability where learning and interactivity is favoured achieving
results which are empirically rated by the users during a quasi-experimental period
from a sample of four public preschool classrooms in Chile.
Keywords: Human Centered Design, Design methods, Physical learning
environments, Interdisciplinary research.
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Introduction
This study is part of the Physical Learning Environment Modeling System project (Spanish
Acronym MAFA) for the improvement of chilean preschool education (CA12i10234). This
project, awarded on November 2012, is part of the tender for Fondos de Fomento del Estado
FONDEF Idea (State Promotion Funding). The proposal envisages a two year execution with
State, private and key associates financing, both from educational and productive areas.
Likewise, it contemplates the support and the willingness to cooperate of public and private
pre-school educational entities from Chile.
The approach on the topic relates to an interdisciplinary research developed by scholars
from the Preschool Teacher Program and the Design School of Universidad Católica de Chile.
During this research, the desire to innovate in a field in which the physical learning
environment has been internationally reported as key aspect in educational quality was
detected (Kuuskorpi & Cabellos, 2011; Woolner, 2010; UNESCO, 2012). In education, physical
learning environment is considered as a formative curricular variable; a facilitator of the
continuous reorganization of the space (modeling) according to the educational objectives and
the educational model, encouraging some children’s activities and inhibiting others (Camposde-Carvalho & Noronha de Souza, 2008; Colbert, 2007; Iglesias, 2008). Thus, it could be said
that there is a “third educator”, a concept introduced by Reggio Emilia’s Preschool Centers, in
which the physical environment is a meaningful aspect of the learning process; a space
habitable by children, where interactions and learning are promoted (Clark, 2007).
In this context the need to advance scientific and technological production of intuitive
interfaces arises (Oviatt, 2006), focused on the educational ability of the ones who learn,
interact and develop in preschool centers. In such a way, physical learning environments,
pedagogical practices and technical-pedagogical teams are effectively linked.

HCD, inquiry, conceptualization, and development approach
This project follows a methodology structure based on the Human Centered Design
approach (IDEO, 2011). This methodology is centered on the subject needs and his or her
relationships, with the purpose of achieving creative solutions related to daily problems,
opportunities and practices that he or she faces. It advocates for a more assertive project
approach, centered on observation and dialogue instances with the participants. It starts with
an approximation to the participants’ behavior and the way they feel, related to micro-social
conceptions through an interpretative approach, in order to know the interactions, meanings
and significance that take place (Sánchez, 2004). From this perspective, the user is identified
as a connection source to transform data and evidence into feasible ideas and creative
solutions (IDEO, 2009). This process contemplates three stages: Hear, Create and Deliver. They
promote progress in project development and the generation of scientific and technological
knowledge, facilitating the interdisciplinary and multivocal articulation of this particular study.
The objectives of this research were subscribed in three stages, which were developed during
the researching process to produce the necessary knowledge, to identify functions and to
detect MAFA System’s variables and attributes.
This research establishes two main hypotheses. The first one is about the feasibility to
design in an interdisciplinary way (pedagogy-design) throughout the HCD methodology; a
physical learning environment modeling system for pre-school educational centers, according
to the educational policies and productively sustainable for the national industry. The second
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hypothesis intends to bear out that the implementation of a modeling system in classrooms
improves the results of the educational quality in learning environments. Achieving
educational quality in pre-school education, in accordance with the OECD international
standards, involves encouraging educational habitability, conceived by its users and focused
on learning (OECD, 2009).

Outcome/Achievement: The Third Educator
The Physical Learning Environment Modeling System (MAFA System) is the proposal
developed during this research. It aims to create an interdisciplinary re-signification of the
physical environments of public preschool educational centers, in order to promote an
effective quality in Preschool Education. This system features a synergic integration of three
components:
 Practice Support. Set of material elements that favor and induce different pedagogical
practices according to their functionality.
 Virtual Appliance. Digital support for mobile devices that allow classroom technical
teams to make pedagogical documentation on the physical environment modeling
carried out.
 Scale Modeling. Scaled material for preschoolers, containing the practice support used in
their classroom. This material is presented in a wooden container.
Out of the three components of the system, the MAFA practice support represents, from a
traditional paradigm, furniture or the required equipment in preschool centers (tables, chairs,
shelves, among others). However, from the interdisciplinary proposal of this research, learning
environments must count with support or resources (UNDP, 2009) that encourage and
articulate the different pedagogical practices that take place in the classroom. Practice
support, as a physical interface, becomes more visible in classroom and the community and, at
the same time, it has a direct impact on the consummation of pedagogical practices based on
the physical learning environment. This causes meaningful experiences and greater
interactions.
For the purpose of this paper, and in order to review in greater depth this design
methodology at the service of educational research, in the Create stage the development
process of this component is specifically analyzed.

Hear
During the Hear stage, fieldwork and data collection starts. Through interview techniques,
focus group and classroom observation sessions, it is expected that participants share and
reveal their work and feelings, their expectations and desires. This stage diagnoses and
prepares the project scenario.
First, in order to validate the problem in the context of public preschool education in Chile,
several updated references are analyzed, focusing on the user and the physical environment
as a scenario of situated practices. Iglesias defines environment as ‘the whole physical space
and the relationships established in it‘ (Iglesias, 2008, p.52), interactions that do not only
contemplate child-to-child relationship, but also relationship between adults and children, and
children and their environment. In fact, the Curricular Bases of Preschool Education in Chile
(2005) states that:
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The educational space is a fundamental aspect in the development of the expected
learning. An environment offering rich and diverse opportunities to promote game,
exploration, curiosity and interaction has a direct incidence in learning quality (Ministerio
de Educación, 2005, p.100).
Around 600.000 children are part of the public pre-school education system, whose
regulatory furniture is based on adult-focused furniture on a minor scale. In this regard, it is
confirmed that the physical environments in public preschool centers have regulated furniture
based on 30-year-old design requirements (Rojas, Almagia & Ilardi, 2009). They have been
developed without considering updated ergonomic and anthropometric variables of the
chilean child population, nor the principles and learning aspects based on the curricular
framework, and they are not designed to enhance teaching practices and relationships of its
members: the teacher, the technical and toddlers.
Ultimately, the physical learning environments where chilean preschoolers inhabit are not
adequate for them (Centro de Políticas Públicas Universidad Católica de Chile, 2006),
conditioning dysfunctional and/or inefficient pedagogical practices (UNPD, 2009), which limit
their learning opportunities.
The classroom observation sessions in public preschool centers were registered in the field
diary of each researcher. The triangulation of these interdisciplinary points of view reveals the
behavior of the users, their practices and the interactions generated among the inhabitants of
the space and the physical elements of the environment.
Besides, report data related to “the work” of the users in their context are reported. They
reveal the utmost relevance of the practices since knowledge can be identified and connected
to the work of the individuals as part of a culture, a profession or vocation (Hoadley, 2012).

Figure 1

Register of the reality observed in preschool education classrooms in Chile.

Parallel to the execution of the previously described tools, a group of educators from
different centers was summoned to be part of a Facebook-based community of practice about
physical learning environments. They were asked to show empirical evidence of their
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classroom practices, resulting in online socialization records and the construction of new
knowledge based on spoken and visual interactions. Findings in recent studies value the
configuration of a community of practice regarding the differences on establishing a
permanent context for the creation and dissemination of innovative teaching practices,
contributing to the construction of knowledge (Muñoz, 2008).
The educators expressed and shared their findings on the Facebook group follow-up
record. This record worked as a validation tool of the information shared and the opinions
expressed by the educators. At the same time, it also appeared as a technique of virtual
ethnography, where interaction with the participants took place exclusively through online
communication (Hine, 1998).

Figure 2

Screenshots from the MAFA Facebook group showing the practice socialization and dialogue
interaction.

The techniques applied are valued according to the effect they have on the nonstandardized, deep understanding of the studied reality. They are articulated from an
interdisciplinary perspective. The data analysis led the research team to the construction of a
conceptual model that consolidates common language in order to configure a shared and
interdisciplinary essay about the physical learning environment and its practices. The MAFA
Evaluation Model exposes dimensions and variables leading to the modeling comprehension
of physical learning environment. At the same time, it reveals attributes and characteristics
that will be gathered during the CREATE stage, with the purpose of creating a system that
support theoretical conceptualization, the needs and the observed potential of the users, as
well as the evidences shared from a communally built story.

1136

Human Centered Design at the Service of Educational Research

Figure 3

Graphic visualization of MAFA Evaluation Model.

Create
This next stage aims to reach the design, development and production through an iteration
cycle with the users, with permanent comings and goings from the abstract to the concrete
and from the concrete to the abstract (IDEO, 2009: p.9). The attributes and characteristics are
defined based on the first stage data, which emerged from rigorous and deep descriptions of
the use and function experience.
For the development of this stage, several creative techniques that encourage and
facilitate lateral thinking and the opening of project hypothesis were used, as well as a
panoramic view of the problem. Lateral Brainstorming opens the challenge and the problem,
while Vertical Brainstorming deepens into them, whereas Mind mapping is used for
structuring, classifying, discovering and establishing new relationships about the main
modeling idea of the physical learning environment. Out of this creative process, the report
concludes that the practice support component is the set of material elements that facilitate
and foster pedagogical practices in the classroom. They support, according to their
functionality, the different activities developed and have certain attributes or characteristics
based on the dimensions and variables of the MAFA Evaluation Model.
In general terms, different supports must have an intuitive design and a simple geometric
configuration to encourage new pedagogical practices based on classroom modeling. At the
same time, the design proposal must consider variables like transportation, loading and
storage to be sent anywhere in the country. Its design has to allow stacking, must reduce its
geometric volume, and have a weight proportional to the differentiated burden of users, and
must have washable surfaces.
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Figure 4

Mind mapping

Once the information is classified and structured, the ideation process is submitted to a
second filter of idea hierarchy, using Visual Thinking Tools. This resource fostered the cohesion
of ideas of the team, as well as the construction of a common language for idea exchange
(Roam, 2008). The use of this tool improved the strategic analysis during the creation stage of
the MAFA project, because it allowed the researchers to navigate into the complexity of the
topic, turning the abstract into the concrete based on simple schematic drawings.

Figure 5

Visual thinking
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At this point of the project, some support properties and characteristics are gathered. At
the same time, some relevant attributes are agreed to materialize, which are not isolated.
They are mainly projected in a complementary and articulated way.





Support.
Organization.
Exhibition.
Communication.

In order to take distance from the pre-established paradigms about the characteristics and
the absolute concepts that block innovative solutions, the Reversal Assumption Technique is
used. In education, several assumptions arose from bad practices to the detriment of
preschool education quality prevail. For example, the suitability of the current furniture in
public preschool centers in Chile is a 30-year-old assumption. The assumption of the seatback
as a fundamental element for a better body posture is another example of this. If movement is
the best tool for children to explore and develop, why should we force children to remain
seated for long periods of time?
After this exhaustive exercise of assumption review, the first process of physical
materialization of ideas was developed, applying Mockup Storming and Rapid Mock Up
techniques. The main objective of this stage was to immediately translate ideas into a
makeable scale, as well as ensuring a cheap and fast construction, prior to the prototype
production. The simulation of the basic experience, made with the smallest possible
investment of time and money (Savoia, 2012), facilitated the validation of the productive
counterpart, public entities, educators and research team about the pertinence of the
characteristics, aesthetics, and the real use of these potential products. This activity allowed a
small-scale confirmation of the systemic condition and the way elements articulate and
complement each other in order to generate new relationships and configurations.

Figure 6

Mockup storming
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Once the validated formal vectors were obtained, each of the elements was modeled on
AutoCAD Inventor. Then, the first components were fabricated on a 1:1 Scale with 3mm thick
plywood as a pre-fabrication stage of the first wooden units that were made to check scale,
weight, completion, assembly and specially manufacturing design.

Figure 7

Prototype of the assembly process of the support module.

Once the observations and improvements emerged from the tests made with users and
associated agents, production planimetry and technical specifications of the wood
complementary materials were developed. The element program that conforms practice
support is determined and the corresponding units regarding the capacity of a regulated
preschool classroom of 32 children and the pedagogical team are defined. The whole group
consists of 13 practice supports, reaching a total amount of 55 elements per classroom.
The typology of the supports emerges from the attributes agreed during the process. The
denomination of this classification reveals and identification of the work and the actions
provoked from the interaction between the users and the supports.
 Support and activity. Elements that recognize the body and support more than one
activity or function. They recognize the occupation of the users, infants and educators.
Their main characteristic is a volume and weight that enables their movement inside the
space. Given the direct commitment with the body, these elements consider criteria
related to the wellbeing and safety of the users and its complementarity.
 Organization and exhibition. Elements that support practices related to the distribution
of resources, spaces and time of the classroom, as well as practices related to the follow
up, evaluation and metacognitive learning processes. It supports three complementary
scales of interaction with the users. The first scale keeps, contains and fosters order. The
second scale encourages the organization of the space though habitable, accessible and
appropriate flows, areas and corners. The third scale allows educators, infants and other
educational agents to expose their teaching and learning process. The surface of these
elements is editable and modifiable depending on the requirements or activity. They
1140

Human Centered Design at the Service of Educational Research

have a larger volume that support and activity elements. This characteristic limits their
mobility within the space.
 Experimentation and observation. Elements that enable light and material
experimentation practices. These elements are higher than support and activity
elements. Therefore, they establish new standing practices with differentiated
observation perspectives.
 Exploration. Elements that promote psychomotor exploration through mirrored surfaces,
elevators, climbers, and sliding surfaces.
Practice supports conform and intuitive and flexible system that allows discovering during
its use and exploration, as well as new relationships and configurations. This system
complements itself with a set of bars and textile membranes that connect and articulate
elements using a perforation grid which follows a fitting program to model the physical
environment and foster new pedagogical practices.
Finally, the production step was taken. The first 1.0 series was industrially manufactured in
12 mm thick radiata pine plywood. On its fitting and assembly design no metallic connectors
were used. Its faces and walls were joined on a 45° angle and a 3 mm wooden plywood tab
mitre, glued with PVA (polyvinyl acetate) adhesive. The edges of the wooden panels were
spawned to smooth them. The cut of each of the parts was made using Computer Numerical
Control (CNC) in order to systemize the production. For the assembly process, assembly cranes
were manufactured with the purpose of standardizing the serial production and optimizing the
assembly of each of the supports. The natural color of the wood grain was kept, recognizing its
aesthetic significance, chromatic neutrality and its warmth in favor of the practices, which
support and exhibit the result of the teaching and learning process the participants are part of.
The wooden surfaces were sealed with fast drying, non-toxic, aqueous polyurethane varnish.

Figure 8

Support module production process.
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Deliver
The last stage, for the purpose of this research, consists of the implementation of four
experimental classroom located in four public preschool centers situated in the peripheral
districts of the Santiago Commune. A MAFA System implementation protocol was designed
for middle level children (ages 2 to 4) classrooms, in order to systematize the delivery of the
supports and to register the user approval stage.

Figure 9

Practice support intervention, registered in experimental preschool centers.
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The experimental intervention considers a pretest and posttest applied in all four
classrooms and four control rooms located in the same locality. In order to do so, two
instruments are used: the Early Childhood Environment Rating Scale Revised ECERS-R (Harms,
Cliffors & Cryer, 2004) and the MAFA Evaluation Model (Adlerstein, Manns & González, 2014).
These instruments were used with the purpose of evaluating pedagogical practices and their
impact on children, their needs and learning. ECERS-R is an internationally validated
instrument, which has been applied in Chile since 2011 with results below the acceptable
standards. It has a sub-scale focused on “space and furniture”. It recognizes the space and
furniture as an important factor of educational quality. The second instrument is the MAFA
Educational Model, which differs from ECERS-R as it contemplates and interdisciplinary
perspective focused on learning interactions and experiences motivated by pedagogical
practices based on the conception of the physical environment as a third educator.
During the six months of intervention in experimental classrooms, a qualitative fieldwork
was developed based on participants’ observations and repetitive in-depth interviews. The
categories created during this continuous follow-up process were recorded on a Project
Process Report, for the re-design and adjustment of the original prototypes. Analysis charts
were developed, as well as some improvement suggestions which were made based on:
classroom identification, photographic records of the problem (or detected opportunities), a
brief textual comment on the observations and an answer based on a textual justification, a
revealing visualization of a solution, and the priority level according to the complexity and
viability of the execution.

Figure 10

Record Charts. Problem detected: joint collapse in the activity support.

This example shows a structural problem due to an unexpected use. In this case, the
support and activity bearing is being used for activities related to resting and the interaction of
more users simultaneously. These new activities demand a higher design standard both in
joints and constructive details.

Conclusion
The scope of this research and development project shows the interdisciplinary experience
as an approach to face problems in contexts and realities that were previously built by
fragmented perspectives without recognizing the actual users. At the same time, the physical
learning environment is revealed as the third educator and it validate its impact on the quality
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of pre-school education. Even though the piloting of MAFA System is an exploratory exercise
with a reduced sample according to the Chilean pre-school education, it allows moving
forward on the reconstruction of flexible pedagogical practices (Kuuskorpi & Cabellos, 2011),
which are located in the current reality.
The MAFA System, as a component and research result of the project, showed that the
user-centered HCD Methodology supported a multivocal and interdisciplinary project
experience. An interdisciplinary language was installed in this process in order to rethink
physical learning environments based on the dimensions and variables that shaped the MAFA
System design. The result of this experimentation, in agreement with educational politics, is
projected as a sustainable element for the national productive industry and for direct users.

Figure 11

ECERS-R and MAFA Evaluating Model piloting result.

Regarding the second hypothesis of this research, the piloting showed incremental
improvements in learning environments, reaching levels closed to what was expected. The
ECERS-R shows a substantial increase in experimental pre-school centers; both regarding there
base score and improvements in control pre-school centers. The experimental rooms show a
substantial increase in 1.9 points, reaching a final average of 4.4 points on a qualification rank
from 1 to 7, which is considered “good”. The MAFA Educational Model shows an increase of
19.5% in the quality of physical learning environments in experimental rooms, while the
research from control rooms show a slight increase regarding the scores in the base line (1.4%)
Beyond the results that quantitatively validate this experimental experience, the MAFA
System enabled good practices based on the physical environment. Children and technical
pedagogical teams used the components showing an empowerment attitude that boosted
innovative practices. The available supports were intuitively explored and they triggered a resignification of the space by the educators. They acknowledge that this stage was a selflearning process together with children “a discovery process which was done together”.

Discussion
The discussion opens a debate about the pertinence of including design methodologies
into the research and development of areas related to social sciences and behaviour, which
require deep and contextualized understanding of the individual. And, at the same time,
require a scientific mastering regarding the tools to legitimate proposals during the
experimental stage, in order to move forward to the final development (Norman, 2010).
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A user-centered approach and the articulation of a multivocal, interdisciplinary perspective
is a contribution for the scope of the projected results, as it considers the different agents
involved in the teaching and learning process: infants and the technical-pedagogical team. An
articulating approach, which integrates relevant actors of the productive project development,
as well as the administrative policies of restocking, maintenance, and safety regulation,
achieves viable and validated proposals by the same sources of knowledge. Of particular note
is the constant iteration during the development. During this iteration, the users raise data,
test different prototypes, and make the intervention their own, in a collaborative way, in order
to reveal and validate the detected weaknesses and projections based on their own
experience of use.
The growing interest of science and research on design methods and processes, and on the
role of prototype as a result as well as a research instrument, moves our discipline to certain
issues that are beyond formal resolution, function and production. A research through design,
conceived from the interest of improving practices and results with methodological-scientific
rigor (Herrera Batista, 2010), opens complex and challenging scenarios in which the knowing
(academic) and the know-how (practical) become transferable assets in interdisciplinary
research experiences.
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Abstract: Grounded Theory is a systematic approach to social research that
allows for new theory to emerge from gathered data, as opposed to relying on
established theory to interpret events. It is an especially useful tool for designers
who want to develop deep social context for their design practice. Although
Grounded Theory is a well-known method within social science literature, it is
relatively unknown in art and design literature. Sociologists share many interests
with artists and designers. For instance they share educational foundations in
Critical Theory, cultural symbolism, and social engagement. Similarly, many
designers who are interested in Human Centered Design and Social Design
borrow research and analytic methods from the social sciences. Grounded
Theory is an inductive heuristic method that supports and validates basic
creative problem solving approaches such as empathy, self-inquiry, constructed
meaning, and media experimentation. Finally, Grounded Theory is a verifiable
form of qualitative research and therefore can be useful in influencing business
strategy or social policy. Key differences exist between the arts and social
science, requiring that Grounded Theory be adapted appropriately for art and
design contexts. Beginning with an introduction to Classic Grounded Theory, this
paper proposes adaptations for art and design based practices.
Keywords: Grounded Theory, Artistic Research, Design Research, Social Design,
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Introduction
“I never made a painting as a work of art, it’s all research.”
- Pablo Picasso
The global conversation surrounding artists and designers as researchers is rapidly
generating interest, debate, and scholarship. While ostensibly artistic researchers and
design researchers have somewhat separate requirements and aims, they share some
essential similarities. Both artistic and design researchers respect deductive analytic ways
of learning and producing knowledge, while promoting inclusion of more inductive and
constructive approaches. (Alexander 1964, Gregory 1966, Cross 2001, Lesage 2007)
Conversely both artistic researchers and design researchers are interested in the junction
between their respective methods and scientific method. (Fuller 1965, Gregory 1966,
Dombois 2006, Lesage 2009, Klein 2010) And finally, both artistic and design research
remain controversial and contested in the academy, albeit increasingly less and less.
(Krippendorff 2007, Lesage 2009)
This paper is about using Grounded Theory, is a well-established method for social
science research, within artistic and design research. Grounded Theory can be useful to
artists and designers who need an evidence-based research method that is compatible
with a heuristic creative process. Indeed, Grounded Theory is an excellent research tool for
artists and designers, simply because the potential for productive synergies between art,
design, and science may be most readily apparent in sociology. (Denzin and Lincoln 2000,
Nisbet 1976, Denzin 2010)
Although artists and designers have an established heritage of social interest and
engagement, as both creators and critics of culture, they are curiously absent from the
social research literature base. This is perhaps tragic, as recently there is increasing
dialogue about issues of sustainability, human rights, and social justice coming from arts
and design communities. Today, the identity of artists and designers as academic
researchers is coming to the fore, as the social ethos of art and design dialogues gives rise
to a variety of discourses in public, commercial, educational, and political spheres.
Long-standing concern for cultural and social issues held by art and design creates a
common heritage with sociology, with “music, painting, poetry, the novel, and drama”
intertwining both communities. (Nisbet 1976) For example, both artists and
anthropologists, who are both capable of being auteurs, employ Realism in film and
photography. (Rouch 2003, Henley 2009) Critical Theory, an epistemological cornerstone
of modern art and literature, is also shared by psychology, anthropology, and linguistics.
In his book, Design for the Real World: Human Ecology and Social Change, Victor Papanek
expressed that “the genuine needs of man have often been neglected by the designer."
(Papanek 1971) Likewise, Christopher Alexander was critical of architects who he felt were
more concerned with how their buildings ”looked in magazines then by the satisfaction
people felt when using them.” (Alexander 2002) Today design has become a profession
that attracts business anthropologists and consumer psychologists with aspirations of
creating products and services that improve people’s lives. (Bailey 2009) Even fine art’s
avant guard, having fallen from the heroic modernist ideal into apathetic commercialism,
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has begun searching for renewed meaning through engagement with social justice (Gablik
1992).
With a growing common interest in social issues, understandably many artists and
designers are interested in how to create more meaningful social engagements, and
become researchers themselves. In both education and industry, challenges exist in
addressing multidisciplinary and interdisciplinary audiences; beginning with the already
diverse communities within art and design. For some, research simply means foraging for
inspiration and information, while for others it means “big” data and algorithmic computer
processing. Within this vast spectrum, countless varied and idiosyncratic research methods
emerge, each with its own technical jargon and epistemological orientation. Recognizing
that artistic and design research is an emergent complex cluster of movements and
philosophies, Grounded Theory’s strength is that it can be adapted for a variety of
scenarios. (Gilgun 2011) As such, many will find it to be complementary to established
design research methods.
The following six sections attempt to breakdown how Grounded Theory is relevant to
artists and designers. The first section briefly outlines the need for artists and designers to
be as concerned with intentional and actionable social theory as they are with studio
production. The second section relates concurrent events with the historical context and
discovery of Grounded Theory. The third section presents a “classic” version of the
Grounded Theory process through a situational narrative. The fourth section covers several
key adaptations to the Grounded Theory model for artists and designers, while recognizing
that art and design education already has a strong foundation for practicing Grounded
Theory research. The fifth section reviews both the criticisms of Grounded Theory and
areas for future investigation. The sixth and concluding section observes the need for a
distinction between social theory and design strategy to preserve the integrity of both.

Part 1: The Importance of Social Theory to Design
Research and Strategy
A cursory review of design’s popular literature suggests there is greater interest in
social science methods and tools then in the theoretical aspirations that help formulate
those tools. Andrew Blauvelt touched on this when he characterized an AIGA booklet on
Ethnography as, “... an introductory guidebook for practicing designers, of course, and
therefore I shouldn't be surprised by the instrumentality of it all.” (Blauvelt 2007) In similar
fashion, Christopher Alexander once asked a hall of software developers if their interest in
his pattern language was merely technical and, in effect, missing the larger point. “I have
no idea whether the search for something that helps human life is a formal part of what
you are searching for. Or are you primarily searching for - what should I call it - good
technical performance? This seems to me a very, very vital issue.” For Alexander the
concern for theory was linked to the question of whether designers are more then
technicians. (Alexander 1996)
Central to the artistic and design research conversation is whether or not artists and
designers should be concerned with more than producing forms, but also knowledge
production. The question at hand is whether artists and designers have any need for, or
business in producing and publishing theory "By “theory” we mean the mental models that
construct both views of society and informs responsive process and product. This is
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distinguished from producing “Strategy” which is the combination of technical and human
factors that go into the formation of a new artifact or service. This is of course a highly
simplified schema as social theory and design strategy can contain any number of
components and considerations.
Both the social theory and design strategy components of design research are
emergent in their nature, meaning that small observations and ideas can be gathered and
organized into a concept that transcends the parts (Lewis 1874, Wan 2011). Social theory
and design strategy remain separate emergent constructions, but both can help validate
and reinforce one another in the design research process. Design activity is nested within
and contextualized by social concept. In other words, social concept is always underlying a
work of art or design, inferring that the underlying social concept can be abducted from
studying the works of art or design. A design concept emerges in response to social
theory, but design experiments and tests can influence our social theory. In this manner,
both emerge in response to one another.

Figure 1

Emergent Social Design Theory

While early 20th century design schools expressed deep concerns for social issues, later
20th century design education was generally more pragmatically focused on mastering
media and technical methods. It is a significant trend that design is becoming increasingly
mindful and deliberate towards not only understanding the underlying social theories
influencing design strategy, but also producing and publishing new knowledge in the
academic sense.
Just as designers are naturally attracted to the “tools” of social research, fine artists
have traditionally been at home with the social and cultural theories with less interest in
empirical data gathering methods. The artistic research movement marks the change of
this norm. The ability to conduct methodologically sound research is the difference
between theory and ideology. While art has a history of ideological reaction and activism,
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many artists today are formally recognizing systematic research methodologies as part of
their practice. Without a practice rooted in primary research, artistic philosophies have
often led to either utopian or disenchanted schools and movements. Hence, artists
producing and publishing knowledge through primary research signifies a transition from
reactionary social ideology towards a new paradigm of responsive social theory (Borgdorff
2010).
As artists and designers move from reacting to social theories or mere trends,
to producing and publishing their own social theories, whatever the scale of their focus
may be, they will need a new set of tools and methodologies. Grounded Theory and its
methodologies offer the ability to discover and define new social theory through an
emergent inductive process that is highly compatible with creative processes.

Part 2: Historical Context and Purpose of Grounded
Theory
The Discovery of Grounded Theory in 1967 was published by sociologists Barney Glaser and
Anselm Strauss, as an data-grounded methodology with an emphasis on providing social
researchers with the academic freedom to generate theory. The authors felt that young
sociologists coming into their field in the 1960’s were professionally limited to verifying
“Grand Theory” rather then making new contributions. (Glaser & Strauss 1967) Rooted in
a critique of theoretical dogma, Grounded Theory should appeal to artists and designers
who want similar latitude to empirically uncover fresh perspectives, rather than being
confined by influential art and design schools, or market trends. Sharing this commitment
towards originality in art, as well as research, Arts-based Research (ABR) is also concerned
with theory building. (Rolling Jr. 2013)
While Glaser and Strauss’s collaborated on the original introduction of Grounded
Theory, going forward they began to disagree on the way it should be implemented. While
the original book described data gathering and analysis as open and emergent, Strauss
(with Juliet Corbin) added structures and formulas to the data process (Strauss and Corbin
1990, 1998). In response Glaser complained that in adding to the original formula, Strauss
had in fact created a new method - a “forced conceptual description.” (Glaser 1992 pg. 5)
Udo Kelle characterized this “emergence vs forcing” debate as a “crucial problem” for
practitioners of Grounded Theory to consider. (Kelle 2005) Of specific debate was the
determination of a coding-paradigm that would structure and code data as it was
researched, as opposed to a coding system that would develop from the data as it was
organized and analyzed (theme-based coding).
An important aspect is that both streams of Grounded Theory are committed to
generating verifiable theory through an evidence-based approach linking conclusions as
directly as possible to gathered data evidence. (Glaser & Strauss 1967). Data and
Information produced through Grounded Theory must be approached and verified with as
little prejudice as possible to ensure that the data reflects the views of those it represents,
and not those that are conducting the review.
It is also important to note that Grounded Theory sought first and foremost to generate
concepts that spoke to how individual people solved their unique conflicts and problems instead of serving a probabilistic demographic or statistical method. The focus on
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individual experience places Grounded Theory within the Social Constructionist
epistemology that accepts an objective reality that is accessed subjectively. (Andrews
2012) While not exclusively synonymous with social constructivism, the constructionist
strength of grounded theory inherently excels at understanding experiences within context
and how “research participants” solve their problems within those experiences. This
commitment to faithfully rendering individual actions and conversations is compatible with
Thomas Barone’s assertion that Arts-Based Research complements the kinds of sociology
research processes in which “the individual characteristics of the human being got
abstracted out of reality.” (Barone &Eisner 2013)

Part 3: The Classic Methodology

Figure 2 Overlapping Stages of Grounded Theory

Grounded Theory’s essential attributes are: open-minded observation of social reality,
qualitative data collection accompanied with constant comparative analysis, and a
commitment to systematic documentation that allows conclusions to be directly linked to
evidence (Glaser & Strauss 1967).
This section offers a basic procedural explanation about how design researchers,
beginning only with curiosity about a certain topic, enter into a social environment to
systematically gather and structure data in order to discover new theory. The included
approach for Classic Grounded Theory follows the narrative of a team of design
researchers investigating contemporary horticulture and gardening lifestyle. The goal for
taking this approach, rather than a traditional exposition, is to make the Grounded Theory
methods more tangible to a wider audience.
In planning their research, the design team considered several key questions.
 What is this a study of? Are we trying to solve or simply understand? (Glaser 1978)
 From whose point of view will we be looking? (Charmaz 2006 pg. 47)
 What kinds of behaviors and activities will we be interested in? (Corbin and Strauss
2007)
 What forms of data will we be gathering? (Glaser 2002)
 What kinds of things can the data reveal? (Charmaz 2006 pg. 47)
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FOOTNOTE: The hypothetical narrative is based on an actual research project sponsored by
AmericanHort, the largest horticultural trade association in North America, in partnership with the
Columbus College of Art and Design, in Columbus, Ohio in 2014.

Designing the Research
The researchers designed a Grounded Theory project comprised of three individual
weeklong site visits to six Retail Garden Centers and qualitative interviews of 25-30
participants. These interview participants, or samples, would be purposely identified
during the course of the site visits to the retail stores.
Subjectively determining which participants to begin with is also known as Purposeful
Sampling or Subjective Sampling. Note this is not random. These techniques are often
referred to as non-probability techniques, where the units of sampling are left up to the
judgment of the researcher. The Grounded Theory process often begins with a nonprobability sampling technique adheres to the exploratory nature of the early stages of
their research project.

A) The Data Gathering Process
During the three-week period, the researchers obtained permission from the storeowners
to visit their store sites and carefully observe the cultural environment with a focus on
actions and behaviors. After their initial environmental observations, they interview
storeowners to learn more about gardeners and their gardening habits. They ask the
storeowners to refer possible customers participants for the research project. This is
known as either Snowball Sampling or Referral Sampling.
The design researchers used video cameras, DSLR cameras, as well as formatted
questionnaires, and worksheets to aid in data collection. Each researcher kept a notebook
for field notes and memos. Text transcripts were generated from the audio recordings and
field notes for later analysis. However, it is important to also preserve the purely visual
records of physical activity such as video, photography, and sketches for analysis (Charmaz
2006).
D ATA O RGANIZATION AND M ANAGEMENT
It should be noted that collecting, organizing, and analyzing data in the field could be
mentally and physically demanding because the researchers are striving to build empathy
with the participants. Nevertheless, daily attention to equipment and data management
optimizes the field experience. Researchers should have a well-defined plan for the
organization, storage, and retrieval of data before they start their collection. A good
organization plan is embodied in a digital folder system that anticipates every kind of
media and methodology. The most common kind of digital data are text based files such as
Microsoft Word or Apple Pages formats (Hahn 2008). There are a number of computerassisted qualitative research platforms that can assist with data management and
retrieval (Bringer & Johnson et al. 2006).
T HE P ROCESS OF C ONSTANT C OMPARISON
As Grounded Theory researchers collect their data from the within-site visits, the
interviews, and the diary studies, they tangentially reflect on the data. This constant
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comparison approach ensures the investigation is going in a productive direction, and to
indicate if adjustments are needed.

Figure 3 Computer Data Organization and Management

T HE P RACTICE OF M EMO W RITING
In addition to taking field notes, the design researchers keep a discipline known as
memo writing in their field journals. Memo writing is similar to keeping a private journal,
which is a practice that is familiar to many artists and designers. A memo is a way of
allowing the researcher to capture their daily reactions to their experiences as well as their
creative thoughts on the research project. Memos can be anything from drawings, to
diagrams, to loosely written ideas, to cohesive paragraphs. The point is to capture memos
frequently and in private, away from group discussion. It is advisable that researchers take
time to memo before the group retrospective of the day’s events. (For instance, the design
researchers in the narrative would often end their day in the field at a restaurant where
they invariably engaged in reflective conversation.) Daily memoing helps the researcher
trace their journey of discovery and allows them to construct more advanced thoughts.
Memos are not meant for critique or for sharing, but are a way for the researcher to enter
into self-dialogue and to track the evolution of their thinking. A healthy memoing habit
helps build the intellectual fluency needed to write actual theory later in the project.
T HE A RT OF C ODING
Central to the practice of Grounded Theory is the practice of coding, which is the detailed
and careful review of data in order to create interpretive descriptions or codes. The coding
and memo writing strategies of Grounded Theory have influenced other qualitative forms
of analysis. (Charmaz 2012) Artists who are familiar with semiotics and social symbolism
already have a basic understanding of the role codes play in interpreting and human
behavior.. Designers may think of codes as insights. Codes can be as simple as jotting
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down notes in the margins of printed transcripts or through a separate process known as
Open Coding, which is the initial phase of Classical Grounded Theory. Designers, often
operating under compressed commercial schedules, may find that writing out codes on
printed transcripts is the most practical technique. However, researchers who intend to
publish their social theories academically should keep clear documentation of their coding
methods and systems. Furthermore, as the sample sizes and data sets grow in size and
complexity, researchers often rely upon computer-assistance.
Coding is a continuous process throughout the Grounded Theory project. The codes
themselves follow an emergent path, whereby individual and unrelated codes begin to
form patterns, then categories, until the central theory emerges. The most important thing
about open coding is to describe simple descriptions of what is, while being as descriptive
and detailed as possible. This is utilizing observations of physical phenomena - both wide
and deep in terms of the breadth and intensity of the generative data pool.
A parallel exists here to classical art criticism where the first step is simply describing
what is happening, using purely observational information picked up, initiated from a nonjudgmental approach. For example, open coding is the creation of generic codes derived
from the data pool, intentionally avoiding conclusions – researchers highlight anything and
everything, observing to the best of their ability. If someone enjoys gardening, it’s noted,
as well as if someone is hostile towards gardening. Pure, physical, phenomena systematically identified. Following the art criticism comparison, the coding process
continues on to describe, analyze, interpret, and evaluate.

Figure 4 Grounded Theory Coding Phases

B) Open Coding
Open Coding is the initial coding process in the Grounded Theory framework. Its
purpose is to identify and categorize the data collected in the first data pool. Aptly named
“open,” this is the most straightforward coding stage, but it can often seem the most
difficult at first. This is because researchers often feel obligated to look for “meaningful”
insights before they have a chance to even review the transcript text carefully.
Intentionally writing eclectic codes, a researcher can defy instincts to look for meaningful
patterns too early in the process (Saldana 2013).
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C) Axial Coding
Axial Coding is acknowledging and developing relationships between open codes that
are subsequently codified. This is the initial categorical development introduced into the
coding process. For example, retailers were worried about not seeing Millennials in their
stores and this concept categorically extended to encompass a national trend. This also
acknowledges the introduction of tangential existing knowledge provided by outside
sources.

Figure 5 Objective / Eclectic Coding Method

D) Theoretical Sampling
While comparing and connecting the codes, questions emerge that can only be
answered by redirecting and/or expanding the sampling process to allow for new
participants. This helps realign the sample base to more accurately reflect and refine the
generative data process. Researchers now look for new participants via refined criteria, i.e.
the expansion of the research data pool as a response to connections made in the Axial
Coding process. For example, after identifying that Millennials are interested in organic
gardening, researchers observed the need to expand beyond the initial regional data pool.
D IARY S TUDIES
Collecting data from participants consisted of both face-to face qualitative interviews
and self-documenting diary studies. The interviews lasted anywhere from forty-five
minutes to two hours and took place in store. Diary participants take a variety of
houseplants home, answer online questions and provide daily journal entries / photos on
an online research platform such as Fuel Insights™ or Survey Monkey™. Diary Studies are a
way to allow participants to share their in-home behavior with plants.
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E) More Coding: Arriving at Thematic Codes
As the researchers gain a broader and more holistic understanding of the nature of
their assorted codes, they can begin determining major themes. Themes can help future
designers hierarchically organize the researched insights developed after Theoretical
Sampling. These themes will later become “pillars of theory.” This is where the research
data begins to tell stories from a human perspective. For example, across the nation,
millennial behavior consistently points to a new set of values, i.e. the impacts of changing
generational values.

F) Theoretical Sampling
Eventually coming to a place where their fieldwork is not producing any new
information. The themes, or “pillars of theory”, have reached a general level of stability.
Regardless of researcher bias, the stability is never absolute. The garden center consumer
participants all have a consistent specific set of requirements that plants must meet for
them. For instance, purchased plants should improve the participant's’ physical well-being
and the global environment.
T HE L ITERATURE R EVIEW
As the Grounded Theory process matures it’s time to compare the findings with written
literature. Up until now, the designers intentionally avoided looking for answers or
conclusions in books and papers. Barney Glaser addressed the point directly in a recent
roundtable discussion with research students, saying, “Don’t worry. The literature ain’t
going no where!” (sic) (Glaser 2010). When it comes time to review the literature they find
several similarities and confirmations with their own findings and conclusions. For
instance, a clear difference exists between Millennials and Baby Boomers, affirming an
established demographic segmentation. Younger people are indeed interested in plants,
but for health or ecological reasons, as opposed to older gardeners who tend to enjoy
plants as a pastime in addition to home beautification.

G) The Generation of Substantive Theory
The ultimate goal of Grounded Theory is to generate a theory that is grounded in
verifiable data. Theory generated solely in the research is called substantive theory.
Contrasted with formal theory, which is established and accepted across a broader
research community. It is researchers perceived “truth” until it can be published and
verified by other researchers. However, it is logical, well documented, and can stand up to
valuation.
One of the differences between academic research and commercial design research is
in how they report and use their findings. This can also be characterized as the difference
between basic research, which increases public knowledge, and therefore must be
published publicly, as opposed to action research, which is undertaken for a specific
organizational goal and is not intended for public viewing. Without writing a formal
method paper, insights and recommendations to the client are presented in the form of
presentation slides and a strategic brief. In this case, the researchers benefit from
following established Grounded Theory reporting structure, which helps the audience
understand the research, and its connection to their design strategy.
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Part 4: Extensions and Directions for Grounded
Theory in Art and Design Education and Practice
One clear reason that Grounded Theory and artists and designers are compatible
together is because almost all media artifacts the researcher encounters can be helpful in
generating theory (Glaser 2002). Audio-visual materials and documents are just as fruitful
as qualitative interviews and ethnographic observations (Creswell 2003). The Classical
Grounded Theory framework produced by Glaser and Strauss recognizes various forms of
data – multi-media. The framework is fluid enough to provide artists and designers with a
unique amount diversification in terms of the data collected.
The sociological study of contemporary culture will invariably encounter logos, signs,
photographs, videos, digital image screens of all sizes, graffiti, and countless other visual
artifacts (Konecki 2011). Visual coding is the assigning of codes to video frames,
photographs, illustrations and drawings, with the same meticulous observation used with
transcript texts. Artists and designers can be among the most astute of visual coders. After
all it is artists and designers who are educated in Roland Barthes, John Bergers, Anne
D’Alleva, and Erwin Panofsky, and are accustomed to looking for semiotic and visual codes
everyday. Whether Grounded Theory coding is encoding or decoding; codes are second
nature to artists, especially, when it comes to visual literacy.
In addition to the design researcher, the research participant or subject can also
interpret images. Through a technique of “image or photo elicitation” the researcher can
ask a participant to interpret the contents of pictures (Denzin & Lincoln, 2000). Another
technique is to equip participants with their own cameras and ask them to shoot pictures
along specific lines of meaning (Ziller 1990). The results can yield deep insights into hidden
unarticulated beliefs and attitudes. (Martin & Hannington 2012).

Audio Coding
John Cage has observed that true silence is an impossibility (Cage 1961). Accordingly
every environment, and every audio recording of an environment will have possible forms
of meaningful data in them. What kind of music is playing? Are their children laughing, or
urban sounds of car horns or construction (Creswell 2003)? Even the frequency of mobile
device chirps and beeps can reveal insights into the lives of participants.

Insight Cards
Having generated a wealth of Axial and Thematic Codes, plenty of “insights” to inform
design strategy exist before reaching the thematic stage of coding. Print and provide a deck
of these Axial Insights on cardstock to every member of the design team. This provides at
least a contextual connection between the data and the designers who were not able to
participate in the fieldwork. Sharing the Axial Insights with the designers before they
finished out thematic codes will not only provide possible research stimulus, but aid in
helping generate thematic codes with a stronger relevance to the design goals.
Insight cards rooted in coding also demonstrate that Grounded Theory is very
compatible with existing Human Centered Design methodologies. One example is how
insight cards can be used in affinity mapping. Affinity maps may be the clearest visual
embodiment of theory building, as they are the literal connecting and clustering of isolate
ideas into emergent categories. While sorting seems to be a basic human behavior, it is an
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amazingly simple and effective way for analyzing a large amount of insight cards and
generating both theory and actionable design strategy (Curedale 2013). The basic process
is to simply lay out all the cards and begin putting them into groups according to their
perceived affinities. It is easy to experiment building new categories of insights using
different relationship criteria. Affinity mapping can generate both grounded theory and
design strategy.

Design Stimulus: Creating Dialogue for Generating Data
As soon as Grounded Theory codes can be given to designers the earlier the designers
can provide response stimulus for researchers. There are many methods for eliciting
responsive feedback from participants. This is another example where Grounded Theory is
highly compatible with existing design methods and practices. Instances of this might
include mood boards, Dark Horse Prototyping, and A/B Testing (Jakob 2005).

Commercial Strategies for Presenting Grounded Theory in
Business Scenarios
In all cases where the designer wants the buyer or client to be engaged throughout the
emergent process, the designer needs to begin the process with a clear overview
explanation as well as smart updates during the process. An education piece from the
onset of the project. Peter Senge refers to this practice as the "discipline of shared mental
models" (Senge 1991).
Submit white papers to share facts. Share stories, experiences, emotions, and
ultimately meanings to share insights. Use these experiences to inspire multiple
stakeholders to take action, and then deliver the analysis and findings through audiovisual
language and theater (Erwin 2014). A video, For instance, can encompass the entire
experience of both the research and the proposed implications and recommendations.
While the commercial design researcher may not intend to publish social research, it
can be helpful for them to learn from structural components of an academic paper such as
thesis, method, analysis, literature review, analysis and conclusions. These structural
components of Classic Grounded Theory reporting can be translated into an effective client
presentation.
In presenting design solutions the designer must carefully connect the design examples
directly to the data and codes. This can be done best through the use of providing the
client a graphic designed Grounded Theory Report brief that visually identifies areas how
the research insights and data have informed elements of the design solution.
To explain methodology, the designer can show excerpts from current or past case
studies/fieldwork that supports the methodology. In the case of ethnography, it is
especially useful to share emotional excerpts or even unrelated b roll to underline the
reality of the fieldwork and findings.
To explain the analysis the design researcher can show human interaction related to
the specific project to give your viewers a transparent window view and appreciation of
the amount of work, the value, as well as an emotional engagement with the process.
To explain the research insights the design researcher can utilize excerpts from
fieldwork that draw an emotional and compelling line to the insight. Here, the researcher
can also utilize video footage that is more compelling and clear to the insight as long as
they back it up with real excerpts.
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To show the literature review as well as secondary research the design researcher can
show screen shots and book covers of all forms including desk research, trend research,
existing market research, etc. to corroborate the findings.
It is usually a good idea to include quantitative data to corroborate primary qualitative
research. If this method is utilized, statistics relieve stress from buyers or leaders when
making decisions to act upon the insights.

Emergent Design Demands Updates
Having previously maintained that Grounded Theory and Design Strategy are both
emergent constructions poses challenges for communicating to outside stakeholders who
are looking for confidence and certainty. Designed communications that encourage easy
reading and simple call outs (such as a magazine layout) act as updates of emergent data
and analysis that would be delivered to stakeholders throughout the life of the
project. The goal is to keep stakeholders and decision makers engaged throughout the
entirety of the research and analysis.

Pedagogical Compliments and Strategies for Grounded Theory
in Art and Design Education
As art and design are difficult to define, the self-identity of artists and designers can
also be difficult to define. Often it is difficult for many art and design students to see
themselves as researchers. Artists and designers are keen observers of human and cultural
behavior. Here are just a few recommendations for introducing Grounded Theory
methodologies into Art and Design Programs.
C ONNECT G ROUNDED T HEORY TO O THER D ESIGN M ETHODOLOGIES
As previously covered, many art and design schools presently teach and practice
research inspired design methodologies such as Human Centered Design, User Centered
Design, and Design Thinking. Introducing Grounded Theory as a means of providing data
into these models effectively builds on ideas the student may already be familiar with.
(Asubel 1963)
L ISTEN O UTSIDE THE L INES
In the age of online surveys, every art and design student can be taught to design and
publish an effective and inexpensive questionnaire. This basic skill provides the student a
chance to practice "guided storytelling" in which the researcher begins from a structured
interview but lets the participant guide the conversation in unexpected areas. This
technique can provide rich and useful data for Grounded Theory transcripts.
V ISUAL L ITERACY AND S OCIAL T HEORY
As already discussed, Grounded Theory coding shares many common traits with studies
in visual rhetoric and multi-modal literacy. Many art students are poised to become
excellent researchers of media culture. To prove the point, the instructor can have the
students design a research project collecting just audio-visual material without live
interviews. The use of Grounded Theory in decoding the material will reinforce the value of
their refined visual literacy.
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I TERATIVE D ESIGN P RACTICE
A tangible example of design research’s iterative method of learning, is Agile
Methodology (Cockburn 2001), which focuses on delivering design solutions in quick
iterations to inform the design process. Incorporating skills in art and design that students
are already familiar with into Grounded Theory helps them not only connect better with
the concepts, but also introduce new stimulus for additional data that is uniquely theirs.
G ROUNDED S TORYTELLING
Student filmmakers can make excellent use of Grounded Theory for writing stories with
authentic cultural textures and colloquialisms.
S UBVERSIVE A PPROACH
Students enter a world and marketplace where rules and norms have been predefined
for them. So teachers can challenge the students to use Grounded Theory to develop their
own theories with indifference or even defiance towards established paradigms.

Part 5: Areas for Further Question
Although Grounded Theory is one of the most popular and influential research methods
in social sciences, the model is not without critics. (Bryant 2009, Charmaz 2010)The
interpretive or subjective nature of Grounded Theory can undermine its goal of providing a
verifiable methodology. For instance, coding can be a very time-intensive practice, and
even then a single piece of evidence or data may yield more than one valid code (Allan
2003). The democratic access of Grounded Theory occasionally attracts suspicion whether
any newly generated theory can be certified as “real” or “made up” (Simmons 2010).
Others point out that Grounded Theory is easy to “claim” as a way of legitimizing shoddy
qualitative research. (Bryant 2009)
This relates to the aforementioned fundamental disagreement among practitioners and
scholars as to what is “legitimate” methodology in the first place. As a specific example,
Glaser has at times suggested researchers refrain from conducting their literature research
until their fieldwork is underway, and in other times implied that researchers “should use
any material bearing in the area” (Glaser & Strauss 1967). This lack of orthodoxy can
undermine Grounded Theory with some audiences. Indeed, the well-known split
characterizes the history of Grounded Theory over orthodoxy between its two founders
Barney Glaser and Anselm Strauss. However, the risk of heterodoxy should be nothing
strange to the practicing artist or designer. Taking a further step back, we could say that
both social science and design suffers from a similar lack of unified definition and
community identity.
Another challenge for some designers is avoiding technical preoccupation long enough
to develop sound social research. Because design involves making, it is tempting to want
to frame design research in terms of design requirements. It is simply much easier to ask
such nuts and bolts questions. Accordingly, technical specifications help address the
designer’s fears about deadlines, budgets, and expectations. As a result of external
practical and internal emotional pressures, the designer rushes to define the ending of the
project, rather than establish an informed beginning.
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The remedy to this expeditious default pattern in design practice is not to dismiss
sensible pressures, but to empathize with designers who need lift and support from the
context that social research can provide. Design strategy strives to discover the best
answers, but Grounded Theory can help discover the most meaningful questions to ask,
and the most impactful problems to solve. Features and benefits of products and services
only have meaning and impact so much as they can provide meaning and quality of life for
people. The policy and discipline of Grounded Theory research relies on constructing
accurate understanding of the true needs of people.
Grounded Theory is not for developing design strategy, or more crucially design
deliverables, there arises the subsequent challenge of clarifying its value in the
marketplace. Grounded Theory suits the designer process very well, but might not suit the
design customer as well. The outcome of any qualitative research project can be extremely
difficult to quantify and measure in terms that design buyers are comfortable with.
A further market challenge to Grounded Theory is that consumer research is often
defined by a predetermined need rather than to explore or search for new or better
opportunities. A recent survey Corporate Executive Board study of more than 1,400 B2B
customers found that those customers completed, on average, nearly 60% of a typical
purchasing decision—researching solutions, ranking options, setting requirements,
benchmarking pricing, and so on—before even having a conversation with a supplier.”
What this means is that when the designer offers research, there is an implied threat to
the buyer that the initial research is either insufficient or is being challenged.
Another challenge that Grounded Theory might face in the marketplace is the
substitution of custom research with generic trend and market research that is already
published. As more competitors use the same published research tropes, the more
competitors become unable to find new and unique perspectives and markets for
themselves. For instance, imagine that a garden retailer subscribes to a trend research
website. If that retailer bases their strategy on the contents of that site, they are sharing
the same perspectives and market mindsets of that website’s subscriber list. The result is
that mass trend research by itself will create herds. Trend sites are to commercial research
what libraries are to academic research; a source of validation and clarification after the
qualitative fieldwork is well underway.
Management pressures from those who are commissioning the research can influence
design researchers to produce conclusions that validate or match their clients
preconceived expectations. Furthermore, the buyer’s open-mindedness does not
guarantee that other unseen stakeholders will support the project. Demands of shortening
sales cycles or building consensus can entice design researchers to default to known
market trends or existing research to lessen the burden of verification.

Challenges for Grounded Theory in Education
In addition to challenges in industry, there are obviously going to be some challenges in
education. The first is a question of the relevance of research to the self-identity of the
artist and designer. The second is a lack of institutional support for including research in art
and design curriculum. Following these is the question of whether art and design education
community needs it’s own Institutional Review Board (IRB.)
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Part 6: Conclusion
Grounded Theory can empower artists and designers to help construct their own vivid
and relevant social context for their practices. Suzi Gablik goes as far as to assert that art
can be “compassionate action.” (Gablik 1992) To this and other important ends, Grounded
Theory is an optimal method for artists and designers to generate, and perhaps even
publish their own social theory. Yet it must be maintained that to describe or position
Grounded Theory as a design tool blurs the distinctions needed for design researchers to
engage other academic communities such as the social sciences. Unlike other adopted
design methodologies, Grounded Theory functions best when not dictated by agendas and
assumptions. It ultimately empowers artists and designers to be respected social and
cultural researchers and extends their impact and influence on the world. Such influence is
needed at this time in our collective history.
To this end, all designers should endeavor to be researchers first and foremost.
However, if we claim research proficiency, we will be measured against the broader
interdisciplinary heritage of research in the social and applied sciences, as well as among
business and marketing communities. Contributing to this heritage from outside the
community can be a challenge, but it the professional and personal rewards will be well
worth the challenge.
Acknowledgements: We’d like to give a special thanks to Alexis Schuknecht,
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Abstract: To be successful in the competitive workforce markets, graduates
nowadays need more than just disciplinary skills and knowledge. The changes in
how businesses operate, have brought about the need to develop highly skilled
workforce that is equipped with generic skills, such as communication, creativity
and problem solving, next to their discipline-relevant knowledge. To provide
these sets of skills Universities are engaging in project-based learning with
industrial partners. Such modules should provide the development of both sets of
skills and thus produce highly employable students. In this paper perceptions of
marketing and engineering students related to the project-based learning
outcomes are explored, to determine how they rate the acquisition of relevant
employment skills in the studied modules. The findings show, that the students
appreciate the project-based approach, specifically with relation to their project
management and team-working skills, there is however improvement possible in
the discipline-based aspects of their learning. Implementing design thinking
approaches in relation to the disciplinary approach is suggested to mitigate
these discrepancies in the future.
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A Project-Based Approach To Learning: Comparative Study of Two Disciplines

Introduction
In today’s global environment only the companies with a highly-skilled workforce can
handle the competitive edge and nature of the markets. It is therefore crucial, that
Universities train highly-skilled graduates that can deliver both, the discipline based skills,
as well as more generic attributes, including communication skills, problem solving,
collaboration, creativity and critical thinking skills. The 21 st century workforce should
namely have a new mind and a set of skills that would enable them to work well in the
ever-changing business environment (Musa et al, 2012).
In the past decade, different university programmes have undergone an intensive
curriculum redesign in order to adapt their educational initiatives to the emerging needs of
the 21st century. Globalisation and technological developments have influenced and
changed industrial and business demands, and consequently brought about new social and
business rules and norms, (i.e. migration and long distance cooperation using advanced IT
communication channels), which have extensively changed the job roles people undertake.
All these trends represent an additional push that demands from the students that they
gain the full knowledge of traditional, core university subjects, along with acquiring
valuable competences of teamwork, creative thinking, cooperation, language and
presentation skills, at the same time. The way the product lifecycles have shortened, the
student’s transition from an educational environment to real life practice has also
shortened (Vukasinovic and Fain, 2014). When they leave the University they are expected
to have acquired an integrated set of skills that will enable them to lead and manage
projects smoothly, with as short as induction as possible.
The response of Universities to these trends placed major focus on developing projectbased modules. The main objective of such modules has been to engage the students with
the industrial and business environment and teach them the procedures and practices
needed to solve different real-life problems in smaller teams.
This paper reflects on two project-based modules, one within marketing and the other
within engineering design, to explore the perceptions students have of these approaches
and to outline the challenges they might face.

Teaching and learning in marketing and engineering
environments
Literature suggests that project-based learning addresses transfer of knowledge, which
may be defined as the ability to extend what has been learned within one context to other,
new contexts (Brandsfort et al, 1999). This is an important component of both, engineering
competency development (Byrnes, 1996) and marketing management. Emerging evidence
suggests that project-based learning encourages and supports collaborative work
(Christophersen et al, 1994); it also improves retention and enhances design thinking (Dym
et al, 2005).
An important characteristic of product development is a high proportion of tacit
knowledge (Zavbi and Vukasinovic, 2014). Engineers need an extensive understanding of
how things work, how they can be build and what the relationships between constructs
are. Next to clear engineering knowledge, the above mentioned development needs an
integrated approach towards engineering education that builds on the five key
1169

NUSA FAIN, BEVERLY WAGNER & NIKOLA VUKASINOVIC

competences: (1) design capability including intelligence, imagination, creativeness,
inventiveness, artfulness, technicality, pragmatism and productiveness, (2) design attitude
including the way of thinking about practical creativeness, motivation and inspiration of
creating useful things, enjoyment of inventing artefacts and mind set related to
materialization and realization, (3) design knowledge, gained through lectures, industrial
case studies, projects and self-management, (4) design skills, such as multi-disciplinary
cooperation, application of research and design methods, communication and exchange of
technical information, analysis of complex design problems and task allocation, combining
creative capacities with system development capacities, project management, and
prototyping and testing, and (5) design experience, or the familiarity gained from seeing
and doing things in the course of acting as a designer, and the obtained feelings and
reflections related to designing and designs (van Doorn et al. 2008).
Marketing is often regarded as a “soft” ever changing discipline that is always evolving
and adapting to the environmental trends in business, political and social environments.
Due to the fact, that it is social in nature and as professional practice usually involves either
research or influence on people’s behaviour, it is difficult to establish a static framework
around which the teaching and learning in the marketing discipline will occur. Early interest
in how marketing discourse functions has mainly been considered within the two cognate
fields of macro-marketing and consumer research (Brownlie et al 2009). And although
support for critical thinking within these two domains has been limited to the study of
broad societal topics on particular methodologies, “it has framed marketing and
consumption more widely within debates about gender , poverty, sexuality, ethnicity and
quality of life” (Brownlie et al, 2009: 638). Both of the discourses are “sharing the goal to
examine the impact of marketing on society and society on marketing so to indicate
shortcomings in policies framing market conduct and performance” (ibid). In this sense,
looking into signature pedagogies, as defined by Shulman (2005), the main characteristic of
teaching and learning in marketing would be the absence of routine in marketing as such –
it is an ever-changing practice, jumping from structured to creative approaches of doing
things in extremely short periods of time, based predominantly on a critical review and
analysis of what is happening in the business and social environment.
Different approaches in practice therefore demand different approaches in teaching.
What the students need to learn, understand and acquire is not only the concepts relevant
to the practice of marketing, but also the skills relevant to dealing with constant change in
their social, political, technical and economic environment. The marketing discipline
“values insights generated from the variety of different paradigmatic positions to be found
in the discipline” (Shankar 2009, cited in Brownlie et al 2009: 640), and therefore students
need to embrace and understand these positions to be able to become part of the
marketing communities of practice in their professional lives.
As Middendorf and Pace (2004) propose, learning to think and work as a marketer is
more complex that generally appears to be the case to professionals in marketing and
students therefore need a chance to perfect the skills in order to succeed. This is achieved
through active, collaborative and inquiry-based learning. The engagement between
students and teachers is high throughout their time at the University and most of the
interaction is case-based, giving the students insight into modern practices and
professional approach towards marketing. In that sense, marketing discipline can be
classified as pedagogy of uncertainty (Shulman, 2005). Not just the practice of marketing
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but the knowledge transfer between teachers and students is highly interactive and
characterised by risk taking, excitement and uncertainty. Applying the theoretical concepts
to practical examples is the baseline of teaching in marketing, along with critical thinking
and reflection on established practice.
Project based learning is similarly believed to be one of the most suitable pedagogies
for learning engineering design (Zavbi and Vukasinovic, 2014, Christophersen et al, 1994,
Dym et al, 2005). It facilitates knowledge transfer, encourages and supports collaborative
work and improves design thinking skills. It is also widely accepted that it stimulates the
development of various tacit knowledge of students and teachers (Inkpen and Dinur 1998,
Eris and Leifer 2003, Frishammar and Ylinenpää 2007)

Methodology
This study employed a quantitative approach to explore the relevance of disciplinebased and generic skills for engineering and marketing students. The two disciplines were
chosen, as they stem from two different perspectives of doing business, thus they could
provide relevant insight into what approaches would need to be further integrated in
education to enable further development of “employable” graduates. As indicated above,
the development of different sets of skills seems to be relevant for the two disciplines, thus
an integrated exploration would enable insight into the successful delivery of projectbased learning within a wider context.
The participants of the study were Master students of engineering and marketing that
were engaged in two different project-based modules. The marketing students
participated in solving an industrial marketing problem, whereas the engineering students
were engaged in developing a new product for an industrial partner. The objectives of both
project-based modules was to provide a reach, real-life situation for the students, so they
can experience a work type situation within their discipline. Both groups of students had to
engage with a real company in providing a solution to the problem and at the end of the
modules presented their findings and recommendations to the client.
The questionnaire used to explore the perceptions of the chosen students was
developed based on previous studies (for details see Musa et al, 2012 and Okudan and
Rzasa, 2006) and contained 49 items. The first part measured the student perception of
discipline relevant skills, whereas the second part of the questionnaire focused on
measuring the students perception of how successful their project-based learning was in
improving their teamwork, project management, communication skills and interpersonal
skills. Students were also asked about their perception of the teaching approach and final
results of the module. The questionnaire employed a 1-5 Lickert type scale with 1 being
“strongly disagree” and 5 being “strongly agree”. Later in statistical analysis this scale was
shifted accordingly to +-2 scale for better graphical presentation of the results.
The students were also asked to comment on the overall satisfaction with the modules
in an open-ended question. Some of their comments will be elaborated upon in support of
the survey findings.
40 marketing and 32 engineering students participated in the survey, giving a
comparable sample to explore project-based outcomes for both disciplines.
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Findings
First, answers to some single questions will be explored to give insight into the student
perception of some specific skills. Next the study will integrate the relevant items into the
key constructs and explore their correlations. Finally, some student comments will be
analysed to provide further insight into the project-based approach. The results are
graphically represented in charts on Figures 1 to 7, where solid columns represent average
value while narrow interval bars represent +-sigma/standard deviation value.
The first questions the students were asked related to the discipline based work. They
had to express their agreement with the following statements: (1) I better understand
what it takes to become an effective marketing (engineering) practitioner; (2) I better
understand what it would be like to work as a marketer (engineer), and (3) I have better
understanding of what marketing (engineering) practitioner does.
Figure 1 shows the responses to the relevant questions, where above 0 is “agree”(1)
and “strongly agree” (2) and below 0 is “disagree”(-1) and “strongly disagree” (-2).
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1.5
1
0.5

0
-0.5
-1
-1.5
-2

1

2

(1) I better understand what it takes to become an effective
marketing (engineering) practitioner;
(2) I better understand what it would be like to work as a marketer
(engineer);
(3) I have better understanding of what marketing (engineering)
practitioner does
Marketing Works

Figure 1

3

EGPR

Responses to discipline-based questions

As can be seen, the engineering students perceived the relevant disciplinary gain
stronger than the marketing students. This can be explained through the fact that the
discipline itself requires strong tacit knowledge (Zavbi and Vukasinovic, 2014), whereas
marketing is at the intersection of several different skills, thus it might have not been
completely clear to the students, which ones are solely related to practicing marketing
(Shulman, 2005).
The students were then further asked to evaluate, if they are (4) a more creative
thinker and (5) can make decisions more independently as the result of the project-based
learning. As figure 2 shows, the results are just above average, indicating that both,
marketing and engineering students acknowledge they have learned these general skills,
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however it seems further focus needs to be placed on making these skills more tacit and
relevant to the students.
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(4) I am more creative thinker
(5) I can make decisions more independently as the result of the
project-based learning.

-1.5
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Marketing Works

Figure 2

EGPR

Student responses on general skills

The students were further asked about their perception of team working within the
project. They evaluated how they: (20) learned to listen actively to other team members,
(21) learned how to ask and respond among the team members, (22) to be assertive while
exchanging ideas with other team members, and (23) teamwork contributes to a successful
outcome of the project.
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Marketing Works

Figure 3

22

23

(20) I learned to listen actively to other team members,
(21) I learned how to ask and respond among the team members,
(22) I learned to be assertive while exchanging ideas with other
team members
(23) I learned that good teamwork contributes to a successful
outcome of the project
EGPR

Perceptions of teamwork
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Interestingly enough, both groups of students responded similarly and confirmed that
team working contributed to a successful outcome of the project. Engineering students felt
stronger about this, indicating that the tacit result that they were able to see, touch and
feel at the end of the project potentially contributed to this.
The students were further asked about their project management activities: (31) giving
suggestions freely among team members, (32) brainstorming and forwarding ideas within
the team, (33) gathering information for the project, and (34) identifying relevant ides
from reading project material.
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31

32
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(31) I am confident to give suggestions freely among team members,
(32) I learned how to brainstorm and forward ideas appropriately
with group members
(33) I understood and was able to gather information for the project
(34) I learned how to identify the relevant ideas from reading
materials regarding the project
Marketing Works

Figure 4

34

EGPR

Student perceptions of project-relevant skills

Again, both of the groups agreed that these skills influenced the project outcomes. For
engineering students the sharing of suggestions was the key skill that was supported
through their project-based learning, whereas the marketing students placed more
emphasis on brainstorming. This again indicates the relevance of discipline-based skills.
The engineering students engage with similar developments throughout their education
and thus writing reports and gathering information for the project is something they have
been doing so far, whereas for marketing a structured brainstorming approach might be a
novelty.
The next set of questions explored the perceptions of communication-related skills
such as: (35) writing emails related to workplace settings, (36) responding to projectrelated communication, (37) writing format of workplace communication, (38) organising
ideas in preparation of interim reports, and (39) writing reports based on findings.
It is interesting to note (figure 5) that engineering students appreciated the
development of skills related to project-based communication more, whereas the
marketing students placed greater emphasis on written communication.

1174

A Project-Based Approach To Learning: Comparative Study of Two Disciplines
2
1.5
1

0.5
0
35

36

37

38

39

-0.5
-1
-1.5
-2

(35) I learned to write emails related to workspace settings,
(36) I responded well to emails I received related to the project,
(37) I became familiar with the writing format and style of workspace emails,
(38) I learned to organise ideas in preparing and writing the interim reports,
(39) I learned how to write reports based on findings
Marketing Works

Figure 5

EGPR

Student responses on communication-related skills

The final two sets of questions investigated the relevance of gaining interpersonal skills
(figure 6) and the satisfaction with the project outcomes (figure 7). The students evaluated
if they: (40) became more perceptive and sensitive to the needs of others during group
work, (41) learned to work successfully with people from other cultural backgrounds, (42)
improved their social skills through interaction with the team and the client, (43) learned
how to interrupt appropriately during discussions. With regard to the project outcomes
they evaluated how and if (44) their recommendations met the project objectives, (45)
they were able to reduce project complexity, (46) their recommended solution stayed
within the budget, and (47) their outcomes met the company’s needs.
It is interesting to note the relevance of working with different cultural backgrounds for
the engineering students. The results might come from the fact, that this was the first
interaction of the students beyond their home University and thus their experience at this
point was limited. Marketing students have engaged with different cultures from the start
on the other hand and placed more emphasis on sensitivity to others.
Both groups seemed to be satisfied with the project outcomes, not surprisingly the
engineering students emphasised the relevance of reducing project complexity, whereas
marketing students focused more on the relevance of the outcomes to the client.
These individual results indicate that overall the students did acknowledge the
relevance of both, disciplinary and transformational skills, however engineering students
placed more emphasis on the later, as these skills were somewhat new to them.
To explore the topic further, a set of constructs relevant for this study was calculated
and explored: discipline, team work, project management, communication, interpersonal
skills and the teaching approach.
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Perception of project outcomes

To ensure reliable data was gathered on the relevant constructs, a reliability analysis
was performed for both groups of answers. The results are shown in Table 1. As can be
seen, all Chronbach Alpha’s are above .7 indicating a sufficient reliability for the studied
constructs. This resulted in variable transformation being performed, to enable the
exploration of the relationships between the key concepts.
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Table 1

Summary statistics for studied constructs

construct

Discipline skills
Teamwork skills
Communication
skills
Interpersonal
skills
Project
management
skills
Teaching
approach
Project process
Project result

marketing

engineering

Cronbach
alpha
.901
.946

Mean

St. dev.

Mean

St. dev.

.73229
1.00727

Cronbach
alpha
.855
.816

0.4625
0.9625

0.7812
1.1328

.66013
.65372

.933

0.6872

1.05311

.832

0.6687

.89386

.920

0.8141

.96946

.726

1.0859

.62090

.942

1.0385

1.04274

.842

1.1290

.84624

.910

0.3222

.76228

.846

0.9931

.67612

.880
.909

0.2286
0.9687

.93247
.89009

.752
.837

-0,4378
1.3272

.66285
.67127

Means were calculated for the constructs to show overall perception of the students in
relation to the studied constructs. Interestingly, the marketing students seemed to be less
satisfied with the project results, compared to engineering students, whereas the
engineering students were critical of the project process. It seems the major benefit for
both groups were project management and team working skills. This supports current
findings within the field, as other studies have shown that a successful project is a result of
effective teamwork, which also helps to develop individual soft skills, such as project
management (Musa et al, 2012). What is worth noting is the contrast in perception of how
the process of developing and finishing the project is rated within the two student groups.
The engineering students seem to be happy with the final outcome, but are very critical of
the project process, whereas the marketing students are less positive about the result, but
appreciate the process more. This results support the disciplinary differences in how things
are done. As the process in engineering design is usually structured and follows certain
stages and gates (i.e. Cooper, 2014) to achieve initially and clearly defined goal results, any
deviation from this path can cause frustration and disappointment of unexperienced
engineers/students. However, any new product development process includes elements of
uncertainty and unpredictability that has numbers of various origins (e.g. wrong,
insufficient or changes of project input parameters, communication issues, management
problems, etc.). On the opposite, marketing students rely on communication and creativity
more and focus on management of the project rather than the process (i.e. Okudan and
Rzasa, 2006). It is however worth noting that both groups of students value the projectbased approach mostly above average and also appreciate the learning process.

Discussion and conclusions
The presented study aimed at exploring how project-based learning is perceived among
different disciplines and marketing and engineering were studied to provide some insight.
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According to Ramsden (1984) manipulation of concepts and objects, procedure building
and emphasis on rules and methods go hand in hand with operational learning, usually
characteristic for science approaches to learning, whereas interpretation of relationships
between general concepts is usually more likely to be associated with learning in social
sciences and arts. Our results are coherent with his findings, as the students’ evaluation of
project process and outcomes reflects that marketing students placed major emphasis on
the relationships and process, whereas the engineering students were more outcome
oriented. This somewhat contradicts Welsh and Dehler (2012), who propose that design
and design thinking are at the heart of user-centred processes and should thus be
employed across disciplines to enable integrative learning. The findings in this study
indicate, that although at opposite poles of disciplines, the two studied project-based
learning approaches are both developing student’s user-centred approach regardless of
their discipline. The key are transformational, general skills and no matter the discipline, a
project-based approach can provide student with an integrative learning experience,
making them more employable in the future.
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Abstract: What expertise might the design practitioner bring to the
interdisciplinary field of the learning sciences? Learning scientists are scholars
from educational psychology, cognitive science and anthropology (amongst
other disciplines) invested in advancing basic research into how we learn and
translating that research into the design of learning innovations. Design-based
research, a methodological approach adopted by applied learning scientists, was
developed to complement the laboratory studies and randomized clinical trials of
traditional educational research. Theoretically the applied, iterative
characterization of design-based research closely aligns with design thinking,
and yet, in practice there are notable distinctions between the research
orientation of a design practitioner and a psychologist working with designbased approach. Drawing on optimizing a designers’ expertise in solution seeking
and synthesis the research proposition specifically examines the value of taking a
systematically expansive approach to phase 1 of a longer term study. The paper
is grounded by a case study that explores, through a series of scrappy miniexperiments, the potential of learning interventions into implicit theories of
intelligence. In conclusion, the paper presents a framework as an orienteering
tool for navigating potential of the research landscape that will inform the more
convergent phase 2 iteration of a study.
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The Affordances of Designing for the Learning Sciences

Part I
An Introduction: Researching, designing and learning
This paper is interested in the ways in which design-based research both aligns with
and is set apart from the expertise of a design researcher with a practice background. The
first section of the paper introduces design-based research and positions how this is
distinct from and akin to design as a solution-oriented, creative practice. Grounded in the
close reading of a case study, the second section of the paper examines a series of scrappy
mini-experiments that explored the potential of learning interventions into Dweck’s
research into implicit theories of intelligence, specifically the notion of ‘growth mindset.’
(Dweck 2006).
The ‘designs’ of the mini-experiments make manifest the ways in which the disposition
of the designer is distinct from the education researcher. The case study focuses on how
the designer researcher might amplify the divergent and synthetic thinking of design
practice to offer an alternative framing of early-stage applied research in the learning
sciences. To translate the research beyond the local emphasis on growth mindset, a
framework is shared. The compass framework models a way that four low fidelity, initial
experiments can frame a way to assess the potential within the landscape for a not-yetdetermined intervention.

Translational Research in Education
In theory, translational research makes sense. Conceived as a multi-phase approach to
medical research translational research seeks to ensure that discovery-based laboratory
research eventually makes it into the hands of doctors and community health workers. In
the learning sciences the analogous goal is to distill basic findings from psychology and
cognitive science around how students learn so the aspiring teacher can use these findings
in the classroom (Brabeck, 2008).
In practice however, the authors’ experiences in collaborating with learning scientists
led us to see the paradigmatic difference between a scientific line of inquiry and a
performative approach to exploration as the primary challenge. The psychologists’
commitment to name the independent variable that was the secret ingredient in the
experiment turned out to be a fundamentally different goal to the designers’ commitment
to conceive of an intervention that would engage students and teachers alike. If we were
chefs then it would be as if the learning scientists’ are deeply invested in molecular
gastronomy and the design educators’ cook soul food. To extend the analogy — it was as if
no amount of mutual respect could bridge the scientists’ keen focus on the chemical
transformations during cooking and the designers passion for serving up family recipes
adapted to include seasonal, regional ingredients. Nigel Cross, in Designerly Ways of
Knowing, helps explain this difference by proposing that the sciences are guided by ‘truth’
and asking how the world is, in comparison to the investment of design in
‘appropriateness’ and asking how the world might be (Cross 2007).
Reflecting on the failed collaborations with learning scientists, we identified that
translating the research requires navigating disparate research phases (from discovery to
implementation) and each draws on different skill sets and philosophically different
methodological approaches. In considering the contribution of design expertise in the
learning sciences we identified the discovery-led orientation of design as a strength and
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the lack of experience with metrics for evaluating research as a deficit. This led us to
engage with projects at the point where the research had already gone through
experimental trials and was now ready to be translated into real-world learning
environments — the domain of design-based research (DBR).

Design-based Research — working with the complexity of
real-life learning
In 2004 DBR was the subject of special issues in the Journal of the Learning Sciences and
the journal of Educational Technology. This interest in DBR was in a large part due to the
adaptive, situated orientation of a research methodology that aligns with many learning
scientists belief that “learning, cognition, knowing and context are irreducibly coconstituted” (Barab and Squire, 2004). DBR, in contrast to laboratory research, can engage
with the complex social interactions, multiple variables and all-round messy nature. Most
importantly, DBR offers a platform for experimenting with new ideas to address the
transformative agenda of the learning sciences (Barab and Squire). The motivation behind
developing DBR was to address the need: to explore theoretical questions in context, to
study learning phenomena in the real world, to derive research findings from formative
evaluation and to acknowledge broader measures for learning (Collins, Joseph, and
Bielaczyc 2004).
Adapting Collins's earlier comparisons between design-based research and traditional
psychological experimentation Barab and Squire created a table that characterizes the
distinctions between the two methodologies (2004: p4). The table calls out the ways in
which the research changes when you move from the laboratory to real life. The shift
represents research designs that: juggle multiple variables and see the full complexity of a
situation; are adaptive and responsive to the social interactions that are part of most
learning environments; and the involvement of the research subjects as co-participants.
Overall it is this iterative, adaptive orientation of DBR that allows the observation of a
design intervention to unfold in a practice context, “with an eye toward progressive
refinement,” an ultimately a more resilient, effective design (Collins et al.: p19).

Design as a Speculative, Strategic Practice — the quest for
more preferred futures
Barab and Squire’s characterization of DBR (in relation to traditional research) reads as
very consistent with the practices of designing in general and the field of design thinking in
particular.
Design thinking is an innovation and strategy oriented approach to design that “blends
an end-user focus with multidisciplinary collaboration and iterative improvement to
produce innovative products, systems, and services” (Meinel and Leifer, 2011). As
researchers at the HPI Stanford Design Thinking Research Program Menial and Leifer
observed four design thinking “rules.” First, the researchers identify design thinking as a
fundamentally human-centered practice. This calls for researchers to see the discovery
phase as all about need-finding — being prepared to eschew some base assumptions and
have your research agenda respond accordingly. The second rule is to preserve ambiguity
and promote chance discoveries. This is also underscored in practice-based design research
where the ambiguity inherent in the creative artifact is recognized as key to discovering
novel interpretations (Gaver, Boucher, and Walker 2003). All design is re-design, the third
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tenet, underscores that if everything is already designed then we need to be mindful of the
how and why of redesigning. The fourth and final tenet of design, to make ideas tangible, is
an extension of what designers value about the sacrificial prototype (an IDEO term). With
design thinking the material practice of sketching and modelling has expanded to include
experiential prototypes like role-playing a scenario or map representations of a user's
journey.
Yet beyond the more innovation and strategy pragmatism of design thinking, designing
is understood philosophically as a speculative practice. The ‘realm of possibility’ design is
driven by a desire to seek out potential, to craft preferred futures. (Dilnot 1999). In design
practice this exploration of ‘what if’ propels the designers bias to take action, to make a
move, to quickly assess the potential of not-yet-resolved ideas.
The working definition of designing within this paper integrates the strategic,
innovation orientation of design thinking with the possibilities driven, futures orientation
of practice. Invested in designing human-centered, transformative pedagogical experiences
the emphasis on design is less focused here on the material contribution of the artifacts
and more on the speculative capacity of design. In putting tangible ideas out into the world
the designer strategically learns from the experiential prototype and uses those insights to
transform the situation.
This introduction gives a brief understanding of the terms of reference between designbased research and design practice. The second part of the paper will introduce the notion
of solution seeking and sensemaking in design practice as well as the components of the
case study. The audience for this paper are design researchers interested in education, so
the focus is on the ways in which a design practitioners’ expertise can focus a DBR
intervention into learning. It is beyond the scope of the paper to elaborate on the ways in
which the research context of DBR might productively address limitations of design
research, yet the authors recognize that a more systematic evaluation of research findings
and accounting for the contribution of a study beyond its local context are aspects of DBR
literature we seek to pay more attention to (Barab and Squire, Collins et al).

PART II
Mini-Experiments in Mindset — a design-led approach to
identifying future spaces for intervention
In this section the case study is used as a project-grounded example that makes
tangible the ways in which a team of designers approached a design-based research study
into growth mindset. The emphasis in this narrative of the research is on the research
design and the experience of how it unfolded rather than the insights gained about
teaching mindset. The contribution the paper offers is a guiding framework for early-stage
scoping of the potential of a multi-year design-based research intervention. Presenting an
alternative to the scientist’s proof of concept or pilot study the mini-experiments are not
concerned with “proving” any thesis or “locking in” a research design, but in promoting
appropriateness over truth, and divergence over convergence. Shaped by the designers’
mindset and skill set the case study offers a way into considering the value of quickly
exploring a range of potential spaces for intervention.
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The components of the case study
The case study involved four mini-experiments explored over a period of six months in
2014. The first, Metaphor Probes, was a series of face-to-face interviews conducted around
three metaphoric artifacts. The interviewees included a range of stakeholders from K12
school principals to college of education faculty, from play specialists to pre-college
directors. The second, ‘Like’ Mindset, was a co-design professional development workshop
for K12 teachers where metaphor and multi-modal learning were deployed to reflect upon
personal mindsets. The third, Mindset Mashup, was a storytelling game designed for grade
8 children to explore the ways mindset influences action. The last, Skill/Mind Set, was a
brief one-to-one multi-sensory engagement with college students where they actively
made a connection between skill sets and mindset.
This case study narrates the methodological experience behind a series of quick-anddirty experiments designed to disclose insights into the complex challenge of teaching
growth mindset. The phrase “quick-and-dirty” is a design term for the kind of rapid
prototyping that is about getting ideas performed, experienced and critiqued. The miniexperiments ranged from engaging with research participants for anything from 10
minutes to half a day and never involved more than 30 people. The experiments were
undertaken sequentially (and inevitably informed latter experiments), yet were
intentionally constructed to not to narrow down and focus the design of the future
intervention, but to keep open multiple lines of inquiry.

Figure 1

The four mini-experiments, clockwise from the top left: Trojan Horse from Metaphor
Probes; the tattoo from Skill/Mindset; Storyboard exercise from ‘Like’ Mindset;
Play-testing Mindset Mashup. Source: Lisa Grocott
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The goal was to expand the researchers’ understanding of the potential landscape for
intervention, to disclose insights that would inform the optimum way to teach mindset. In
considering the various components the study introduces four intervention frames: the
people to focus on, the location for the research, the nature of interaction and the kind of
the prototype that would promote engagement.
In making sense of the overall experience of the mini-experiments there are two
definitive components of design practice that emerge as relevant to highlight. From the
beginning the solution-oriented nature of design is core to framing the mini-experiments as
a divergent process driven to open up new avenues of exploration. The role of
sensemaking in design is characterized by the creative act of synthesis and central to a
designer’s expertise in identifying potential. The following section elaborates on these two
methodological attributes of design practice.
S OLUTION S EEKING : D IVERGENT T HINKING AND D ESIGN O PPORTUNISM
Haseman makes the argument that practice-led researchers set out on a chase, to
follow a hunch: “something which is exciting, something which may be unruly, or indeed
something which may be just becoming possible…(but of which they cannot be certain)”
(Haseman, p3 2006). The inquiry-led chase is characterized in this paper as solution
seeking, in recognition that this charts a different journey than setting out to solve a
predefined problem. Solution-seeking adopts a divergent approach to the initial
exploration of a situation to avoid narrow problem setting or predetermined research
designs. The term “design fixation” describes the premature locking in and foreclosing of
other options — so designers have had to develop strategies to resist the seductive option
of committing to his or her first strong hunch (Cross, 2007). Given that questions of
researcher bias are raised in DBR (albeit from a different perspective) it is interesting to be
mindful of the strategies designer deploy to avoid fixating too soon and to learn from the
more opportunistic path of design inquiry (Barab and Squire).
In design practice the quick-and-dirty prototype is a materially driven tactic where the
designer intentionally resists over-investing in an idea to limit the risk of prematurely
shutting down other possibilities not yet realized. The utility of the low fidelity prototype is
that the “conversation with the materials of a situation” leads to a greater awareness of
the conditions, constraints and potential of not just your prototype but the situation you
are designing into (Schön 1983). This process of toggling between the known and the
possible, between the context and the design, is characterized as “co-evolution of the
problem and solution” (Cross 2007). At the level of a prototype this means that the design
being put forward is critiqued and examined in ways that disclose considerations and
potential that were not explicit until the design was put out into the world. The miniexperiments represent an amplification of this solution-seeking tactic at the level of the
whole study.
The decision to map the landscape (where the problem and solution reside) seeks to do
more than introduce a vast range of independent variables, in turn increasing the volume
of data. Our hunch is that in introducing a divergent phase 1 to a DBR project the
researcher can use the knowledge disclosed from surveying the landscape to conceive of a
more robust, resonant phase 2 design to pilot. First, this might minimize concerns about
researcher bias since the construction of experiential starting points ensures that many
insights come from participant engagement — challenging core assumptions and opening
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up new ways of seeing. Second, in mapping the full ecosystem the researcher(s) can
embark on the full-scale, multi-year intervention with an understanding of the tolerances
and boundaries of the present situation and more mindful of the systemic dependent
variables. In summary, the divergent framing of the mini-experiments seeks to produce a
more robust design of the subsequent convergent phase 2 of the experiment.
S ENSEMAKING : SYNTHESIS , PATTERN - MAKING AND EVALUATING POTENTIAL
There is however a mental shift required and different expertise necessary to make this
divergent phase productive. The DBR literature, given its research context, places an
emphasis on analysis, whereas design literature alternatively underscores the role of
synthesis (Hill, Cross, Kolko). The act of synthesis, like design, sets out to propose how
things could be, in contrast to the act of analysis that seeks to understand how things are
(Hill). To understand the evaluations of DBR projects as primarily as an act of analysis is
to be weighed down by the requirement to break down the constituent parts of all the
multiple sources of data (video, portfolios, pre-and post-tests etc.). An overwhelming
mission. Alternatively, if the evaluation of a DBR project were to be more about combining
the constituent parts to create new ways of seeing it becomes a more creative and
achievable act.
Jon Kolko situates the designers’ use of synthesis within the organizational,
interpretative and generative act of sensemaking (2010). Synthesis is driven by a
motivation to "get it out" in order to identify patterns and forge connections between
elements. Within design the same material, visual and performative tools can be used to
make ideas tangible are used to externalize and model what the data is disclosing.
Even though each pass at sensemaking and communicating the patterns generates
further insights the generative process of synthesis cannot be understood as a burden. The
point is to balance a comprehensive analytic approach with the approximate advantage of
abductive reasoning (Kolko). John Thackera makes a case that the problem is not the
overload of information as such, but that there is no filter so we do not know what to
select (Thackara 2005). Using the notional device of the microscope (the opposite of a
microscope), Thackara talks of how design needs/uses tools and frames to help aggregate
the small data points that allow us to see the full picture. The goal of synthesis in this
context is to incrementally afford the researcher a better guess at to how the design will
engage people, promote learning and be sustained over time.

PART III
The Potential for Intervention Framework — People, Place,
Prototypes, and Participation
From the case study emerged a tool for tactically charting the potential landscape of an
intervention — specifically a guiding framework for identifying areas worthy of exploration
to be investigated in the series of mini-experiments. The utility of the framework offered
here is as a tool for the design researcher seeking to scope the big picture at the beginning
of a new project. Donald Schön uses the term “frame” to account for how an inquirer
draws on their own repertoire to identify the problem of the situation and the features
they will focus on (Schön 1983). The framing exercise, enacted in the case study, provided
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an adaptive learning platform where the insights were generated by the slippage between
the different layers within and between the mini-experiments.

Intervention
Frame
People

Prototype

Participation

Place

Metaphor
Probes
Subject
Matter
Experts *
3D
Design
Probes
Face-toface
individual
Interviews
Private
Offices

‘Like’ Mindset
Videos
K12 Teachers
Professional
Development
Storytelling
Video*
Co-design,
collaborative
workshop
K12 School
Hall

Mindset
Mashup
Grade 8
Students

Skill/
Mindset
College
Students

Cards and
Instructional
Video
Narrative
Card Game*

Everyday
objects +
Mapping
Experiential,
Individual

Classroom
Learning

Campus
Commons*

Table 1

Mindset Mini-experiments. *Denotes primary intervention frame.

Figure 2

The four frames that comprise the Potential for Intervention Framework.
Sources clockwise from the top left: Stadium Crowd Commonwealth Games 1994 (no
photo credit); Place City Illustration Alexander Zeinitskiy; Prototype Nendo 3D Paper Bricks
Oki Sato; Participation Playmobil Photographer Toni Sanchis.
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The Potential for Intervention framework represents four frames: people, prototype,
participation and place (Table 1). The idea being that each mini-experiment is designed
around a different intervention “frame” to intentionally prioritize each frame at least once
in the study (Figure 2). By signaling out a new primary frame each experiment the
researcher is required to repeatedly reframe the orientation of the experiment and to
explore variables they might not usually attend to. In this way the People frame, for
example, calls out a human-centered orientation, the Prototype frame focuses on making
ideas tangible, and the options within those frames ensure that the experiments explore
more than one kind of prototype (i.e. video) or one audience (i.e. middle-school
afterschool class).
This section introduces the mini-experiments of the case study to highlight the primary
frame that directed the design. In seeing how the four frames are navigated and revisited
through the four experiments it becomes possible to see how with relatively short
investment of time and resources the researcher can begin to see beyond their initial
assumptions.

Figure 3

Each Growth Mindset mini-experiment was began with a primary intervention frame, yet
intentionally explored components from the other three frames to survey as many
possibilities in a short time.

B EGINNING WITH WHOM YOU ARE DESIGNING FOR : THEN REDIRECTING ASSUMPTIONS .
The People frame was what led to the idea of the Metaphor Probe interviews. The
short-term goal was to reach out to a range of subject matter experts and understand the
challenges and opportunities behind teaching social cognition in a grounded way. We went
in with certain assumptions and an investment in the notion of a learning portfolio — but
all that changed.
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Design probes are often a collection of engaging tasks that seek to elicit “fragmentary
clues” from people (often potential end-users) about their experiences, thoughts and
feelings (Gaver et al 2004). The original intent behind probes was to resist analyzing the
clues and instead embrace the limits of knowledge through exploration and subjective
interpretation. We adapted the idea of design probes for an interview context — working
with metaphors to abstract the thinking from our ideas of learning portfolios while still
scaffolding the discussion. First, we crafted a large origami Trojan horse as a metaphor for
discussing the systemic problems of introducing social cognition into learning
environments. Second, we designed a playbook presentation for reflection and speculation
into how to tactically teach this kind of content. Third, we crafted a orienteering kit, named
North Star, for evoking discussion about how to motivate students to take this journey.
A key observation was in the way the metaphors gave the broad range of people a
productive way into reflecting on shared starting points. The physical presence of the
artifact, the tangible form, always present in the interview (on a table) appeared to ground
the discussions with people circling back to the artifact as their thinking evolved. These
shared points of reference were both useful in facilitating and analyzing the interviews.
B EGINNING WITH WHAT THE DESIGN SETS OUT TO DO : THEN LEARNING FROM DOING .
The Prototype frame was what led to the next mini-experiment the ‘Like’ Mindset
workshop. Following the interviews we wanted to pay attention to the learning
affordances various prototypes offered and how they might make learning mindset a
motivating experience. We set out to use learning-through-making as a strategy for the
students to construct their own understanding of mindset. Settling on the idea that this
should be about storytelling experiences with fixed mindset and making visible a way to
transform limiting thinking.
Before the half-day professional development workshops, one hosted at Riverdale
Country School and a second at the d.school at Stanford, we piloted several storytelling
experiences to assess the ideal combination of engagement (how much fun), learning (the
depth of self-awareness) and practicality (how transferable is the experiment). These
playtests helped us connect with the participants experience and refine strategies for
managing the vulnerability that comes with reflecting on mindset. The final workshop had
participants collaboratively narrate an Adobe Voice video in self-identified groups around
the mindset frames (challenge, obstacles, effort, criticism and success of others).
An unforeseen core observation that came from the exploration of the video as a
prototype was the retention of the visual images post the workshop. A group used an
image of flaming arrows to characterize how they once feared criticism and then showed a
way-finding arrow to reframe criticism as constructive guidance. Our emphasis had been
on using playful interaction to shepherd people through the vulnerable exploration of
mindset this observation led to further investigation into the role of triggers in behavior
change research.
B EGINNING WITH THE INTERACTION YOU ARE SEEKING : AND LEARNING THROUGH PLAY .
The Participation frame was the motivation behind the Mindset Mashup game. We had
observed that many participants in the ‘Like’ Mindset videos had relied on humor to
navigate the vulnerability of the challenge, which led to laughter throughout the end-ofday screening of the videos. However, the 3-hour workshop had limitations for long-term
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sustainability so we used the participant frame to seek deep engagement in the shortest
length of time. A storytelling twist on the game Apples-to-Apples offered a way into short
bursts of engagement that could be played repeatedly in classroom contexts.
Play-testing the game with middle school children led to the insight that there needed
to be a playful introduction to mindset that was in keeping with the spirit of the game.
Animated gifs were used as the visual clue to help students retain the various mindset
components. To ensure that the experience resonated with the children, the year 8 coparticipants also engaged in the process of identifying the pop culture references for the
card game and the animation characters and animal gifs for the introduction. The absurdity
of the situations the cards presented (for example, sloth + learning to tango + sees effort as
important) built levity into the game that led to easy engagement. However, the
observation that people were caught up in the competition and joking led to the insight we
needed to integrate first person narratives if a learning goal was for the student to be able
to connect their own mindset to behavior.
B EGINNING WITH WHERE TO LOCATE THE DESIGN : AND DESIGNING TO THOSE CONSTRAINTS .
The Place frame was different to the others as it was not intentionally chosen so much
as a challenge we had to address given our interest in doing a one-to-one, brief 5-10
minutes exercise with undergraduate college students. Motivated to engage students
outside of a formal learning environment — to engage them on the fly — was what led to
the development of Skill/Mindset. This was a challenging constraint to work with as it
called on us paying attention to the people, what would draw them to participate, and the
prototype needed to productively engage for a short period of time. An observation had
been that people see learning ‘mindset’ as an aside — as other to what they are ‘really’
learning. We wanted a quick engagement that would provoke participants to reflect on the
connection between a growth mindset and the skills they say they want to learn (for
example technology, creativity, collaboration).
We chose a high traffic location (near elevators), around lunchtime and set up a table
with marshmallows, candy and temporary tattoos to enlist some interest in what we were
doing. While students waited for the elevator they were introduced to the idea of mindset
and invited to could add the skills, attributes and expertise they sought to develop while at
college on a collective map. The second sensorial task was however the real focus.
Participants were invited to connect (toothpick) the mutable mindset attribute you need
(the marshmallow) to the skillset you desire and need (the gummy). The emphasis here
was less on learning the components of a growth mindset and more on establishing the
relevance of mindset with respect to 21st century learning. An observation from the ‘Like’
Mindset experiment was that second-life artifacts beyond the workshop (the videos on a
Facebook page) amplified knowledge transfer. To this end we doubled down on the
sensory, experiential bias of this exercise by concluding the engagement with a takeaway
temporary tattoo. The instructions with the tattoo pointed out “sometimes when we run
into an obstacles, or run away from a challenge we forget that the mindset we bring
defines the learner we are.” This ended with the invitation to put the tattoo on next time
you have to step up or lean in — to remind yourself “you’ve got this”.
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Beyond Mindset — how adaptive is the Potential for
Intervention Framework?
Modernist designer Saarinen once said how you should always design something with
consideration for its next larger context “a chair in a room, a room in a house, a house in
an environment…” (Saarinen in Hill, n.pag). Building on Charles and Ray Eames Power of 10
film Jamer Hunt puts forth the idea of scalar framing as a way for designers to consider just
where the most productive place for an intervention might be — ranging from the human
scale of 10^1 and the local scale of 10^2, right through to 10^5 the systems scale or the
global scale of 10^7 (Hunt 2011). Saarinen’s idea of designing for adjacencies and Hunt’s
framing of scale inform the Potential for Intervention Framework. Yet here the framework
takes an expansive view — not just to the next scale — but to include the relational frames
of participation and prototype. This calling out of what is being made and how are people
drawn in is of direct relevance to the DBR context of educational research and motivation
to design innovative learning experiences. The Potential of Intervention framework is like a
macroscope tool designed to cast a searchlight over the learning landscape. However, the
utility of framework rests on it being mutable enough to adapt to different research
contexts and structured in a way to support future sense making of the data.
Within the four frames there is an incentive to explore a range of independent
variables within each frame. The Prototype frame, for example, within the case study
explored storytelling apps, temporary tattoos, cards and origami horses. Similarly, the
Participation frame tried out one-to-one interviews, collaborative narratives, sensory
mapping and storytelling games. However, as design researchers we were particularly
open to assessing a range of options — compared to, for example, a learning scientist with
a specific focus on STEM education for girls. Yet the effectiveness of the framework to
challenge researcher bias, to redirect initial assumptions and to disclose unforeseen
opportunities may still hold true on a more focused scale. A researcher invested in
exploring early childhood literacy for example could drill down into the frame of Place to
explore variables that might pertain to year level, in class sessions, afterschool or in the
library. The four primary frames are the only consistent structure; the researcher would
specify the variables to explore within those frames.
The balance in creative tension here is between building in adaptability, not
predetermining the path, yet offering enough structure to guide a researcher through this
open process. The four frames scaffold both the initial research design of the miniexperiments and an evaluation of what was learned. With the observations the four frames
evoke prompting an initial mapping of the possibilities, and concluding with a deeper act of
synthesis and sensemaking to translate the insights and chart the full potential. In this way
the framework is not invested in pre- and post-tests of what students have learned, or
video analysis of student interactions — instead the mini-experiments are designed to
prioritize one primary goal (and frame) while touching lightly across the other three
frames. The structure of the four frames offers a rich breadth (as opposed to depth) of
data points that disclose quick lessons. The visual, material or performative
representations of ideas in turn offer felt insights that allow the designer and coparticipants alike to reflect on the ways the idea resonates, disrupts, fails, troubles,
succeeds, motivates or animates the audience.
Ultimately the framework simply offers a way to inform a researcher’s best guess —
any attempt to see this as a tool for comprehensive analysis would be to become paralyzed
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by the data. The sandbox nature of the cluster of experiments offers a structured way into
exploring, yet this cannot be confused with a more analytical approach to comparing the
mini-experiments. The goal is not to choose the best experiment but to develop
participant-led understandings of the independent and dependent variables that will craft
the most optimal intervention.

Figure 4

The four mini-experiments represent a quick-and-dirty survey of a range of possibilities.
The experiments were designed to disclose unforeseen potential yet also built upon what
was learned from each mini-experiment. This diversity led to a solid foundation for
identifying the final variables in the pilot intervention.

Conclusion
The case study presented here is structured around the expertise of a design
researcher. Yet the broader context is the import of developing methodological
approaches to translational research in education. Therefore this study is situated within
the domain of design-based research, with a focus on identifying how a designer’s
predisposition might lead to new ways of conceiving of early stage research design for DBR
learning interventions. The Potential for Intervention framework generalizes from the case
study to present a tool that optimizes a designer’s particular expertise in solution seeking
and sensemaking. A limitation of the study is not knowing what the learning scientist
researcher can takeaway from the research, since it is not clear the extent to which the
skilled application of solution-seeking and sense-making takes significant practice (or if it is
more a mindset shift). However, the framework at the least scaffolds a way into applying
the primary tenets of design thinking to a divergent phase I research study that should be
of value to researchers interested in deepening the affordances of designing in a research
context.
The human-centered aspect emphasizes all four frames of the Potential for Intervention
framework as essentially it underscores the import of not letting your research agenda
determine the first move. Instead the impulse is to develop a deep understanding of not
just the learner but the broader ecology that will determine the long-term resilience of the
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project. The call to preserve ambiguity is essential for research motivated to explore what
might be possible and therefore in the creation of new transformative solutions. Playful
prototypes are testament to the affordances of the ambiguous artifact and the role they
can play in navigating the interpretative nature of synthesis and the divergent/convergent
rhythm of the design process. The make it tangible tenet emphasizes the role of the
‘design’ to facilitate learning. About more than generating prototypes, this notion of
tangibility, echoes back to the goal of translational research and the need to ensure that
‘ideas’ (or theories) move beyond abstractions and become grounded in the learner’s
experience. Lastly, the tenet that all design is re-design positions the opportunity to rethink
the goal of early phase applied research. In this way the researcher is liberated from
thinking that the first move needs to be setting the research on the right course and
invited to follow a recursive practice of speculation-led reflection.
The case study reports on how putting scrappy experiments — designed in a week and
explored in an afternoon — in front of learners, teachers, administrators can create a
space for charting the terrain of the intervention in profoundly new ways. In initially
embracing the manipulation of a wide range of variables the researcher(s) can ideally make
more informed choices as to where to locate his or her study in the convergent phase 2.
The methodological proposition being put forward is that a phase 1 research design can be
reconceived to integrate the notion of divergent thinking and deploy synthesis as the
primary form of evaluation. A phase 1 investigation does not need to be a first attempt at
what phase 2 and phase 3 investigations will refine and scale. The argument is that in
dedicating the initial phase to exploration of potential the researcher would benefit from
retaining a commitment to the human-Centered, ambitious, material, iterative practice of
designing.
In future research it would be productive to integrate this designerly approach with a
more evidence-based approach. In current projects we are introducing quick qualitative
and quantitative feedback pre- and post- the mini-experiments to focus our assessment of
the merits and limitations of each frame and exercise. This data offers an interdisciplinary
approach for the design and learning scientist researchers to navigate the refinement of
the research design for future pilot interventions. We are also currently continuing this line
of inquiry by considering the contribution design brings to each phase of the translational
research process. Looking beyond the example presented here we are learning from
identifying strategic and tactical moves design researchers offer at the moment of
dissemination and adoption in addition to discovery and translation.
Hill believes that designers do not have the luxury of simply working on local projects —
that beyond the specifics of the local project the design should also be advancing ideas of
more general import (Hill 2011). This is akin to the DBR insistence that studies contribute
to theories of learning and not just the immediate learning context (Barab and Squire). In
this paper the topic of growth mindset could be understood as the local project, the topic
determining our experiments yet not elaborated on here. For, as design educators who
teach research methods to graduate students, the emphasis in this paper has been on
making sense of what we learned methodologically from the mini-experiments approach
to mapping the potential. Distinct from the merits of an exploratory paper or a series of
research interviews; the unresolved yet intentional, the contingent yet crafted
engagements these mini-experiments afford present an alternative perspective on how
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researchers might negotiate the discovery-led act of translating evidence-based
experimental research.
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Abstract: How can academic programmes prepare students to make the transition
from education to work place? Is it possible to simulate some of the challenges that
they will confront so as to equip them with the skills and confidence to approach
these situations appropriately? This paper reports on a unique course that brings
together third year undergraduate students of Architecture, Structural Engineering
and Quantity Surveying from independent institutions to work together on a project,
each representing their own discipline and in a format that role-plays real life
professional situations. INTERACT provides a forum for multidisciplinary group work,
with teams developing a building proposal through the design stages. The end point
requires each group to produce an outcome that meets criteria established by each
discipline. The aim of the course is to simulate a real life context, resembling that of
practice, thus providing an insight into the next step as they graduate and move into
a professional environment. What is unusual about the course is that the students
are primarily assessed on their interaction and communication skills in conjunction
with the outcome that represents the product of the collaboration.
The course has now been running for over 20 years.
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Interact: A Multi-Disciplinary Design Course

Introduction
The design of buildings is a complex process and requires the collaboration of many parties
in order to bring a design to fruition. The interaction of these autonomous groups is critical
both during the design, and construction processes. It is therefore interesting to note that
each of the key disciplines which make up this collaborative team are taught independently.
The historical basis for the current teaching structure of each discipline as separate entities is
embedded in the formation of each profession’s Institution. In the 19 th century, each evolved
separately and this has resulted in schisms that promote ignorance and support prejudices
within the construction industry.
Probably the first time that a student will have the opportunity to work within a multidisciplinary team environment is when they have graduated and are working on their first
design project within an office or site context, following completion of their education. Despite
all the training they have received, it is unlikely that they will have experienced this type of
team dynamic, and their understanding of the role of the other participants may not initially
be clear. The success of the built outcome is, in part, a reflection of the success of the design
team to work productively and empathetically together throughout the design and
construction of the project.
This experience for many young graduates is often not a positive one, intimidation rather
than collaboration is often felt. Coming away from design team meetings feeling frustrated by
the conversations and lack of collaborative discussion regarding the design proposals,
engineering content or costs can be common. Preconceived judgments of each other’s
professions don’t help the situation, and only over time with experience and the benefit of
hindsight can individuals reflect and learn from that initial baptism into the professional arena.
Although this is not always the case, is it necessary at all, could better preparation for this type
of collaborative working be introduced during the training of these young graduates to
improve the process and equip them with the essential skills and knowledge that will allow
them to operate with confidence when faced with the challenges of working in a multidisciplinary team environment?
Interact is an innovative and unique multidisciplinary cross institution course, being the
only one of its kind currently running in the UK. Its aims are to address such issues, and It
brings together third year undergraduate students from four of Glasgow’s educational
institutions within the disciplines of Architecture (Glasgow School of Art), Structural
Engineering (University of Glasgow and University of the West of Scotland) and Quantity
Surveying (Glasgow Caledonian University), to work together over the course of a term and
produce a complete design proposal, which has been fully structured and priced. It introduces
students to the highs and lows of this collaborative environment and helps to prepare them
for the encounters that they will inevitably experience when out in practice.
The course was initially developed in 1989 as a means of providing students in the
construction industry professions’ with information about each discipline, their roles and
responsibilities, and to bring them together to meet, discuss and respect their differences
through a short design project. The course has been running ever since and has developed
significantly over that time to align with the shifting context of the professions, technological
development and educational advancements; but its aims remain constant. The main principle
of the programme is to provide a controlled forum for the students from each discipline to
come together and work on a design brief, role-playing a ‘Design Team’ scenario.
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Communication and collaboration are essential, as the Teams work towards refinement of
proposals in a truly holistic manner, whilst being respectful of each individual’s diverse
challenges….poetics, costs and structural integrity. Supported by tutors from each discipline
and external consultants, the teams work towards the preparation of proposals where
architectural design, structural design and costs are worked through and finally presented for
critique by their peers and tutors.
The course is designed, managed, coordinated and run in an interdisciplinary manner with
a tutor from each institution, representing their discipline. This management is reflective of
the course itself and has to be able to flex to meet the very different requirements of each
disciplines educational aims and objectives. Staff members are required to respect and
accommodate issues that may be out with their discipline, and this requires patience, respect
and understanding and an ability to be nimble within rigid educational frameworks. With four
separate institutions participating this is a complex process considering the practical
requirements of each institute’s timetables and the demands of the each discipline’s
programme and learning outcomes. It demonstrates that good collaboration amongst the
teaching staff is also required in order to maintain and develop the course. Regular meetings
take place, and initially these establish the timetable of the course and the design proposal.
Follow up meetings cover the particulars of the design brief to ensure that each discipline has
the relevant information available to support their students. During the duration of the course
the content of meetings shifts to cope with issues that may arise, and to ensure that
appropriate support is available for tutorials, presentations and assessments. At this point the
multi-disciplinary cross-school staff team is required to support all students. Having an
understanding of individual student needs be they professional, cultural, economic or pastoral
are essential to help maintain progress during the running of the course.
The teaching team meets again following the final presentations, when a short list of
finalists is drawn up for the Interact Exhibition and Final. The meetings conclude with a debriefing, and it is at this is point that reflection and discussion over refinement and
development of the course takes place in preparation for the following academic session.
Student feedback supports and directs the discussion at that time. Positive collaboration is
necessary for the successful implementation and running of the course, and each year the
team makes appropriate adjustment both within their own institution and across institutions
to ensure that the course runs smoothly and efficiently and gives all students the possibility
for a fulfilling and positive multidisciplinary experience.

The Structure of the Course
Over the 20 years of Interact, the course continues to be developed and has been refined
to take on board all the external factors that impact on its running. Many of these are practical
and revolve around timetabling and availability of tutors, students and external consultants.
With over 200 students and staff involved this coordination is one of the many challenges. The
development of technology has also had an impact on how teams communicate both with
each other and at presentations, and the medium for these communications adjusts each year
as new possibilities and opportunities become available, and which the course and the
students adopt. Presentation tools show an area of particular development with the use of
computer models, power point presentations, films and soundscapes. Content has also
changed to ensure that project work is current and aligned with the ever-changing
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professional landscape. Sustainability is one such area and all disciplines are required to
respond to particular demands, be it in the choice of materials, carbon footprints, re-cycling,
energy consumption or building running costs; all to be considered by each individual
discipline and as a collective group.
Term times differ across the institutions as do points of assessment, and it is only due to
the tutoring staff’s commitment to Interact, and the belief in its benefits to the student body
that it continues to takes place each year, a less tenacious group would have walked away
from the many difficulties long ago.
Interact�Course�Diagram

1

2

3

4

5

6

7

8

development�of�architectural�proposals

*

prior�to�INTERACT

*

����������dura on�of�INTERACT��
Introduction�to�
Design�Brief

LAUNCH�&

Submission�of

Final�submission�of

team�formation

Interact�Diary

architectural�design

for�all�disciplines

proposals

Discipline�specific�introduction�to�Interact
Architects�design�programme
Multi-disciplinary�team�tutorial

*

Engineering�tutorial�for�teams
Final�multi-disciplary�eam�Presentations
Interact�FINAL�&�Exhibition

Figure 1. Course Diagram. Source: Crotch, J.

Figure 1 outlines the structure of the course. The ‘interaction’ begins with the Launch, an
afternoon and evening of talks, meetings and discussions. The formation of the Teams takes
place and external guests make presentations regarding collaborative working, team building
and the role of each member of the team. One such presentation shows an extract from the
film ‘Twelve Angry Men’, staring Henry Fonda (Lumel, 1957).
. This has proved to be an effective and accessible way to expose the concept of team
building and the process of forming, storming, norming and performing. During the course, as
Teams work through the course, many students make reference to their own Team’s journey
recognising their location within the stages of team formation demonstrated in the film
extract.
One hurdle that the course addresses is that of group work. Working, as part of a team is
an essential skill for each discipline, however its one that students generally avoid where
possible. There seems to be a perceived fear that group members will let each other down and
grades will be impacted. Assessment is always at the forefront of student’s minds, and in this
course the students are assessed on how successfully they interact and communicate with
each other as they work through the project. This is recognised through the tutorials and
presentations complimented by the hard copy Diary and Design notebook submission that are
made by each student at the end of the process. This encourages collaboration to take place,
as students understand that performance, as a Team, is what they are being assessed upon.
1199

DAVID BOYCE, JOANNA CROTCH & ROSA GODSMAN

This is particularly unusual; the normal mode of assessment for work carried out by the
students from each discipline is one that focuses on outcome of the process rather than the
process itself.
In most cases it doesn’t take long for the Teams to form and develop as efficient groups,
although support is sometimes required to assist Teams that are having difficulties working
together. When this happens anxieties can result between the members of the Team, and in
these cases reassurance and encouragement from tutors is given. There have been rare
instances when a Team has ‘dismissed’ a member for non-performance, however this is
unusual, and normally conflict is overcome with the necessary input from tutoring staff.
Another concern is when the flow of information stops. When this happens staff intervene to
support the team where they can. Occasionally re-structuring of teams has to take place to
support all the students involved and to make sure that they all have as equable a learning
experience as possible, ensuring the provision of a structure for all to meet the assessed
learning outcomes.
The Teams are encouraged to work in the physical studios of the architectural school, and
it is here that peer learning and sharing takes place. All tutorials and reviews are held in these
spaces and this forum allows teams to oversee the work of other Teams, and exposes different
working methodologies across different Teams. Here successes and dysfunction can be shared
and learned from, as Teams strive to find formation; this is all part of the learning process. The
shared working environment gives individuals who are not having a positive collaborative
experience the opportunity to observe other Teams who are working well, giving them an
overview of alternative operating strategies.
It is hoped that through this process students will value the skill of listening to others,
accepting responsibility and making group decisions, as they work towards a common goal. It
requires recognition that all members are equal, and of the importance of expressing your
opinion and being able to reason why whilst valuing conflict as a means to uncover ideas and
information. Students learning within a particular discipline rarely have the opportunity to
discuss their work to others out with that specific area. This course provides this and requires
students to exercise patience and clarity as projects are presented and strategies developed
within the multidisciplinary Team.
Following The Launch (Figure 2), each institute reserves the same time slot each week
within their timetable across the duration of the course for Teams to meet; however the
students are also encouraged to meet out with these times as and when required. Meetings
are recorded, and a standard pro-forma is issued for logging the content of these meetings.
Many Teams develop their own recording method, which includes the documentation of
emails, phone calls and texts; as well as other means through social media; and each Team
member takes a turn to be responsible for this. Along side the meetings each Team also
receives two multi-disciplinary tutorials, and this is where tutors work with external
consultants to support them through the process. Two presentations are also made; one
interim, where written feedback is given, and one final, and it is at this point that part of the
assessment is carried out. Each time the Teams meet with the same tutor/consultant group as
this allows the interaction of the Team to be monitored and consistent feedback given. At all
stages during the process the teams are encourage to discuss their interaction and the
development of the proposal that has resulted from this process, and it is this interaction that
is being observed and eventually assessed, not simply the proposal. The multidisciplinary
review panel use assessment forms to grade each Teams’ presentation and interaction (Figure
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3). The second part of the assessment is made following the submission of their Interact Diary
and Design Notebook, this holds a record of the Team’s collaboration plus drawings, sketches
and a copy of their final presentation. Each discipline have their own Learning Outcomes for
this physical submission and there is no cross disciplinary assessment for this component.
Each year around 80 Teams participate and the six top scoring of those are invited to make
their presentations at the Interact Final. This is the climax of the course and this annual event
showcases the selected finalists who present their design proposals, structural resolutions and
cost plans to a public audience made up of their peers, tutors, external consultants and guests.
The RIAS’s (Royal Institute of Architects in Scotland) secretary and treasurer chairs the event,
and this professional institution are in full support of this unique teaching initiative. A
multidisciplinary judging panel formed from external consultants, one from each of the three
disciplines, Architecture, Structural Engineering and Quantity Surveying review the work of the
finalists both during the presentations and through the exhibition of work which includes
drawings, diaries and meeting notes. It is the job of this panel to decide the top three Teams,
and these are announced at the end of the evening. The work of all the students is celebrated
at a party that brings together all participants.
The event is a fitting climax, as it assembles together all the students, staff and consultants
who have been involved during the running of the course and hands over the final decisions to
the external judging team.
It is the understanding of all participating institutions that all students are winners in the
process and not just those selected for the final. Each student who has participated has been
involved in their Teams formation and performance, and through this process has gained
valuable insights into group dynamics and the benefits of a positive collaboration.

Figure 2: Around 200 students gather for the first time at the Launch.
Source: Crotch, J.
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Figure 3: Team presentations require all the team members to present to a public audience.
Source: Crotch, J.

Through the eyes of the Architectural Student
The introduction to Interact is an eagerly awaited event by the third year students of
architecture at the Mackintosh School. The shared studios provide the forum for Team
tutorials, meetings and presentations that take place each year, so the first and second year
cohorts are aware of the course, as their studio become a temporary home for students from
the other institutions during the running of Interact. All students are invited to attend the final
and view the exhibition of work, particularly those in their second year, as this helps to give
the course context when they themselves encounter Interact in their third year.
The building design, which forms the vehicle for Interact, is the main design project that
the students work on during their third year. Interact occurs approximately midway through
the project. This means that the architectural students have sufficient design information to
present to their team members, allowing the process of structural strategies and costs to be
developed. Interact runs in parallel with the design studio, and student are encouraged to be
mindful of the development of their designs through Interact, as they also work on their
architectural proposal independently. Initially students find the idea of the two parallel
courses confusing, but when they are briefed on the aims and objectives of Interact they are
able to see it as a separate course, and one that can contribute to their own design work. In
MSA’s course descriptor for ‘Interdisciplinary Design’ the aims state the following (Glasgow
School of Art, GSA, 2015):
‘To gain an understanding of the process of architectural design as a multi disciplinary
team activity, in order to work effectively with co-professionals from the construction
industry.’
The Learning Outcomes for the course are broad and align with ARB/RIBA Graduate
Criteria for Validation (ARB/RIBA, 2011). A number of these are met specifically through the
Interact course and include:
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‘An understanding of the value and the ability to collaborate with peers and others, to
develop design ideas and make public presentations.’
and:
‘An understanding and knowledge of the scope, main areas and boundaries of the
discipline.’
It is interesting to note that generally the Interact process has a positive impact on the
designs, establishing a thorough structural proposal that is empathic, and cost parameters that
can help to ‘tighten up’ many proposals.
At the architects introduction and briefing, prior to The Launch, students are briefed on the
course, its aims and objectives, learning outcomes and mode of assessment and are given the
opportunity to review presentations given during previous Interact events, examine diaries
from previous years and ask questions.
Communication is key, and preparation for The Launch is vital as this is the first time the
students will meet their Teams face to face and is the first Team meeting at which the
architect’s proposal is presented to the other members and a transfer of information between
each Team member is made. Initial anxieties tend to be similar each year and focus on
concerns of compatibility and nervousness over the Team being empathic about the design
proposals. The students are encouraged to welcome the opportunity to discuss their designs
with a captive audience, and discover and work through aspects of their projects that they
may not have considered or fully resolved.
The Teams are established prior to the Launch. The number of students from each
institution and discipline varies so Teams can be of two; architect & engineer; three; architect,
engineer and quantity surveyor, and in some instances architect and two engineers. As social
media now allows, as soon as the Team lists are posted, students make contact with their new
colleagues prior to the first meeting. These initial connections help to reduce the anxiety of
the first meeting. This has been a development from previous years when the architects
presented their proposals, and the engineers and surveyors picked the architect that they
wished to work with, neither a pleasant nor realistic team formation method. The extract
below is from a blog produced by an architectural student; it summerises the ‘atmosphere’
experienced prior to the launch, and is a typical observation of the mood in the architectural
studio prior to the launch. Formal feedback, which often contains a similar ‘spirit’ of
anticipation is returned through the course QLT (Quality of Learning and Teaching) feedback
surveys (Timofejev, 2012):
“So, the Interact Project: a collaboration between 4 universities………we learn what the
‘others’ do – but only in theory; yet we have heard all the clichés…Interact aims to teach us
otherwise, by putting us into mixed teams with a common aim: to deliver a ‘buildable’
building that will be graded by each of the professions/universities. At the end of the
project, each team presents what they have achieved, and the best ones are selected to
compete in the Final. Sounds great.
In reality, there was quite a bit of drama. The fears, stories and excitement about Interact
had started long before the project itself. We remembered the previous years, where
several architects had broken down and were seen crying, or instead commanding their
scared engineers around. My course-mates were speculating who they would get; whether
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they prefer a boy/girl engineer; some where sharing winning tactics whilst others
organised a massive architects+engineers+QS party. As soon as our team lists were up,
everyone rushed to Facebook to find out who they will be working with. I tried to get some
tips from an engineering friend who had participated in Interact a year before, and he
promised to help if there was any trouble with my engineer. In short the atmosphere was
quite tense even before we started.”
Following the Launch there are several supporting lectures and then the groups are left to
work through the programme. Tutorials and interim presentations allow tutors to keep the
groups on track and monitor the interaction process.
The architectural students present their design ideas communicating a narrative of their
proposal along side the many practical demands of the design brief. Through this conversation
and negotiation the architects try to ensure that the poetics of their designs are retained
whilst grappling with the imposed cost parameters insisted by the QS and the very real
implications of a structure that not only has to work, but has to embrace the aesthetics and
concepts of their design. Discussions, negotiations and compromise ensue and occasionally
some external support is called for. Generally the students embrace this challenge with a
professional attitude that is admirable, arguing their corner and yet being accepting of the
constraints of costs and gravity.
It is important that at this moment in the process that students recognise, accept and
explore the options expressed by others in the team who may have a greater understanding
and knowledge of a particular area of construction. The architectural students are often
reluctant to accept this, particularly if it has a visual impact on their proposals, debate and
discussions result. In most cases a resolution is found amongst the group, but occasionally the
intervention of one of the teaching team as an arbiter is necessary to help the group through
‘heated’ discussions to point of acceptable resolution.
It is a difficult process as proposals are constantly under review and refinement in order to
align with the requirements of the other disciplines. Designs alter, sometimes for the better
but often compromise causes a dilution of the original scheme. This is where a positive
interaction can really impact on the design, where negotiations of the different aspects of the
proposal are worked through to some sort of conclusion, where all the Team members’ views
are heard and considered.
During the process observation of how interaction occurs is fascinating. Students with
good interpersonal skills are able to navigate through the challenges and remain in control of
the important elements of their proposals whilst also being able to accept others opinions and
ideas and make change. This is often an arena where students who may not usually excel in
design can come to the fore and really embrace the course and its objectives, as design per se
is not under the microscope and the ability to communicate, listen and negotiate become the
critical skills required for a successful outcome.
A further extract from a blog remarks on one such typical negotiation:
“Although all the technical details were really important at the time and I’ve learnt a lot
about how an engineer understand a building, it’s the human interaction that really made
Interact memorable. One of the highlights was an argument with my engineer about how
the concrete part of the building was going to be constructed: pre-fabricated or cast insitu. That night, I took out a pile of books about concrete and spent the night writing a
1,500 word email about this, which started with: “I want to reinforce again that I am not
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stubborn and uncompromising, but…” Later, we found the whole episode quite funny and
included a screen shot of the email in our presentation – the audience found the image of
an angered architect, passionate about his concrete, rather entertaining.”
As with all MSA courses written feedback from the participating students is collected as
part of a wider Quality of Learning and Teaching practice, this takes place towards the end of
the course.
Students are generally very positive about their experience, even if it hasn’t resulted in
what may be perceived to be a positive outcome. Many express how they enjoyed and learnt
from the process, and also how much time this collaborative way of working consumes, much
more than many anticipated. Shortly after Interact the architectural students embark upon a
professional ‘year out’. Feedback from students has highlighted how many of the offices that
they have been interviewed by or have worked for have been interested in the Interact
course, and impressed that students are able to present and discuss not only their design
proposals but proposed costs and the impact of these on their designs alongside reasonably
comprehensive structural proposals, and this is in addition to the collaborative experience
which one professional consultant referred to as “the nearest thing to reality”(Crotch, 2010).

Interact from a Structural Engineering perspective
For the structural engineering students, Interact can be broken down into a series of four
sequential, inter-linked stages.
1. F AMILIARISATION & INFORMATION GATHERING STAGE
The engineering students' fundamental roles during Interact are to advise on, and assist in
devising and developing, an appropriate structural solution for the scheme, based around the
existing and developing architecture. Whilst architecture students are aware of the
importance of precedent, engineering students typically spend most of their earlier years
looking at the technical design of individual structural components and so often lack a proper
appreciation or understanding of whole buildings, often seeing them as simply an assembly of
successful individual components. In an attempt to address this, engineering students are
required to spend some time familiarising themselves as to how professional structural
engineers have organised “similar” (form, function or material) buildings, through a search for
structural precedents. Live construction projects are perfect for this but more typically
students rely on web images and descriptions to inform them. Here it is important for them to
differentiate between skeleton & skin, as many images show only finished buildings and so are
relatively uninformative structurally. Close-up detail is also particularly good for offering ideas
and possibilities. Having completed this process, engineering students are more informed,
confident and prepared to develop an appropriate structural system for their building. For
some students the value of this approach is immediately clear and forms a continuing thread
through the remainder of Interact (and all projects beyond).
2. C ONCEPTUAL STRUCTURAL DESIGN & REFINEMENT STAGE
This is the stage of the Project where the most important team-interaction work takes
place and where most student time & effort is spent. During this key design stage,
engineering students are expected to respond dynamically to evolving and developing
architectural and cost-related issues. But they should also be pro-active in offering sound
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engineering contributions to the development of the design. At the beginning of this stage,
the structural system as defined by the architecture students can often be fairly vague and
unresolved. The major initial task for the engineering students is to ask some fundamental
questions about what the architect is trying to achieve in the building. Typical discussions
here would involve clarifying the form & nature of the key structural parts of the building
(roofs, floors and walls), perhaps in terms of external & internal visibility, in an effort to clarify
what constraints and freedoms the engineers may have. A common example here is where all
students finally realise that some fully enclosed volume, say a roof, can be formed in many
different ways and so is really a structural engineering issue more than one of architecture.
Overall structural stability is a vital engineering concern but, at this stage, rarely considered or
resolved by the architecture students. Once the engineers explain the consequences of
instability, from, at best, poor performance and some loss of function, to, at worst, total
building collapse, the architects usually listen! Yet the visual and spatial impact of providing
stability measures can prove highly controversial and often a major discussion point within the
team, requiring considerable negotiation and compromise for an acceptable solution to be
achieved - the very spirit of Interact! Structural “load-paths” are then identified and clarified;
and approximate sizes of the main structural members are proportioned from established
“rules-of-thumb”. If the structural members concerned are visible, these sizes can sometimes
prove unattractive to the architects and so some re-working of the basic structural spans need
to be undertaken to achieve a resolution. Discussions regarding the form of a structure must
also consider the proposed materials since an architectural preference here might lead more
naturally to a certain form of structure; or some preferred architectural form may only be
possible with a certain material. Also of particular importance at this stage is the structural
integrity of the whole building. This integration of all component parts into a fully functioning
whole building is clearly essential and is easily achieved with similar materials but becomes
more difficult at mixed-material interfaces.
3. D ETAILED STRUCTURAL ANALYSIS & DESIGN STAGE
Since all structural design work so far has been based only on tried & tested rules-ofthumb, towards the end of the Project engineering students are asked to consider, discuss and
agree on some key part(s) of their structure to take through to a more detailed analysis and
design, in order to become more certain of its structural behaviour and sizing. This is more
familiar territory for the engineers, where the precise structural loading is considered and the
resulting accurate stresses and deflections are checked against limits. Analysis can be through
traditional hand calculations or using the computer for more complex systems. Member sizing
and design is undertaken and refined using familiar (Euro-code) design routines. In addition to
strength and deflection calculations, overall structural stability can be checked through a
computer model. The outcomes of this work are normally fed back to the Team for
completeness.
4. P RESENTATION , COMPLETION & ASSESSMENT STAGE
The final stages of the project are mostly about communicating the Interact journey and
outcomes and this is done in a variety of ways. The early-stage work of research, investigation
& conceptual design is all recorded in an Engineering Design Notebook, which should be a
record of all their thoughts, and ideas and students are encouraged to explain these mostly
through annotated sketches and diagrams. Loose sketches, pictures, data tables and so on can
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be pasted into the Book. Final detailed structural analysis & design calculations are presented
as a compilation of their technical work. It is also important that students are able to explain
the engineering of their building and its structural system visually, through a drawing, which
should: show the main layouts and structural systems and all critical details; be fully annotated
and dimensioned; include clear descriptions of all load paths, structural actions and material
choices; have very clearly described ideas on strength, stiffness and stability. Finally, each
student Team must formally present their final scheme via a short AV presentation to a panel
of academics from each Institution. (Assessment contributions for structural engineering
students consist of: 60% for Notebook; 20% for Presentation; 10% for Calculations; 10% for
Drawing.)

Interact: The Q.S’s experience
Quantity Surveyors are a rather unusual breed. Popular here in the UK, commonly used in
USA and Asia, but they tend to do without them in most of Europe. Popular is perhaps the
wrong adjective, but it is certainly believed that they play an important role controlling and
reporting on cost within the process that leads to the successful completion of a building
project; one that matches the brief while remaining in budget. It is this ultimate outcome that
Teams in Interact strive to achieve. There is no hiding from the fact that cost is a determining
factor on whether a project ever gets off the drawing board and there are very few clients who
do not have a budget linked to an overall business plan. Interact fosters an understanding
among the disciplines of one another’s goals and leads each member of the Team to recognize
the difference between cost and value when addressing the budget.
The initial Team meeting at The Launch holds similar fears for the Quantity Surveying
students as it does for the engineers. QS’s are intrigued to discover what their architect is
going to present them with. They have access to the architectural brief in advance and from
reading this may have noted the appearance of vocabulary such as “innovative “. This strikes a
chord of fear in that the design may incorporate features out with their limited construction
knowledge, as well as ringing up pound signs in their head. What they underestimate is the
very steep learning curve that not only they, but also all members of the design Team are on.
The QS students leave that initial meeting with outline design information of their project.
There is always a variance in the depth and quality of the data circulated by the architects, but
there should be sufficient information for all participants to work towards a very basic cost
plan. This budget cost is often based on a rate of £ per m2 of gross floor area provided by the
envelope of the building. Students at this point moan and console one another in respect of
the ridiculous task they have been set. One of the most common complaints heard is that they
don’t have enough information, and the first tutorial is swamped with attendees claiming they
are unable to do anything. At this point we ask the students to look at what they can do
instead of what they can’t. Time can be used effectively researching comparative costs for
particular types of foundations, external finishes, heating systems etc., that are being
considered, this can provide cost implications when making a decision. This type of activity
often occurs while the firm detail of design and specific specification catches up with the
architect’s concept.
Early Team meetings can leave the QS students feeling isolated as the architect and
engineer spend time working together ensuring that any engineering challenges can be met.
Although they often report back that it was a waste of time being there, they are encouraged
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to attend, explaining that listening to discussion as the design evolves, and observing the
interaction between the other disciplines provides them with a deeper understanding of the
project. It highlights the architects desire to retain key features and the engineers dilemma
providing a structural solution. This will serve them well in later stages of the project and their
understanding of future projects.
Listening is a very important skill and at this stage major cost centers often become
apparent within discussions. As the design settles and is embellished with further detail the QS
begins to build a cost, although they are still working under the heading of “ budget “ cost
providing only a round figure without too much detail. At this junction students submit an
Interim Report offering a snapshot of progress to date. This accounts for 20% of their overall
module mark. With this outline project cost students are asked to submit details to back up
the costs, and a diary of activities that should include an element of reflective comment
(Glasgow Caledonian University, GCal, 2015). This regularly highlights issues of information
flow. Tutors mark comparatively softly to other assignments with the intention to encourage
students and build confidence.
The preparation of this “budget” cost can be the start of tension among the group
particularly if cost exceeds budget. The QS may say “it’s too big, make it smaller “. The
architect resists as their personal relationship with the design begins to show. The engineer is
often aghast as they contemplate changing all their calculations. This dimension of the
interaction hopefully leads to compromise and change that is empathetic to one another’s
disciplines and goals, and the QS should learn the importance of being strong and realistic
when reporting impact on budget. It would be unprofessional and a disservice to any client to
allow a design to be progressed heading towards being over budget.
Students now progress to preparing a detailed elemental cost plan, which forms part of
their final submission. This cost plan breaks the building into individual elements such as roof,
external walls and floor finishes. Each element is quantified in m2 and a rate attributed to it
reflecting the cost of its’ form and specification. (Kirkham, 2007) To do this they need detailed
information provided in sufficient time to achieve the deadline for the Team presentation. This
area causes QS students considerable stress. The QS is at the end of the line, relying on the
architect and engineer to make clear decisions, produce relevant information and submit it to
them with sufficient detail to do their job. Time lost in late issue of drawings or late changes
cannot be absorbed by the QS without impact on the programme or the quality and accuracy
of cost produced. Many lessons that will serve them well are learnt during this stage. Students
cannot sit back and wait. They learn to communicate their requirements for information and if
they are not matched, they should raise and record the issue. This final detailed cost is then
incorporated in the Team’s presentation to tutors and consultants.
It is difficult to make a table of numbers exciting and the QS is often the last and shortest
part of the presentation. They must understand and illustrate to their audience the path that
the design and consequential costs have taken from initial scheme to final design. This
validates the interaction that has taken place.
Students are afforded two weeks following their Interact presentation without any more
meetings or changes to prepare their final submission. This is an appropriate time frame as it
constitutes the remaining 80% of their module mark.
Interaction, essentially, must contribute to the students module mark but the weighting is
balanced to not bias those who met greater challenges within their group. The interim
submission and the final submission have 20% of the total mark attributed to interaction. This
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is assessed from three components, the interaction evident among their team when they
present to tutors, a diary detailing meetings and their outcomes, and a Reflective Report
providing a personal narrative of their experience.
At the end of the Interact experience the student’s strongest and most obvious emotion is
relief, but this is quickly replaced by a huge sense of achievement. They realise the importance
of their contribution to the design phase of a project, and that the costing exercise they have
navigated through is not just a number crunching exercise, but requires an element of
creativity from them, making them truly a part of the “design” team.

Figure 4: Three slides from one presentation demonstrating the diversity of information presented.
Source: Team 44. (2010)

Conclusion
Interact is a unique undergraduate course within the UK, providing what is believed to be
both a necessary and useful learning and teaching tool for students who will after graduation
move into a professional context where multi disciplinary team work will be the norm. It
attempts to simulate a working design team scenario in a supportive and secure forum where
advice can be given during and after the process and allows individuals to encounter and value
the benefit of good team dynamics.
The skills gained include understanding the value of good teamwork and how this can be
achieved, presenting and explaining ideas to others out with the profession, the importance of
working to fixed deadlines, an understanding of each individuals contribution to the process
and final outcome, and the knowledge that all involved are working towards a common goal.
This is invaluable in the professional context within which these students are likely to operate,
but are also essential life skills.
The course is often mentioned as ‘an example of good practice’ by External Examiners and
the Joint Board of Moderators for the degree programmes at the University of Glasgow
specifically highlighted Interact as "an example of best practice" in their most recent
accreditation visit. (Glasgow University, GU, 2010)
Most importantly, students who have been through the Interact process have made
comment through feedback that they have enjoyed, learned and felt the benefits from the
course.
Interact is highly regarded by the professional bodies involved, for its significant
educational benefits in the promotion of good and effective interdisciplinary working
methods, and is one of Scotland’s established construction industry student competitions.
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What is curious is why this teaching model hasn’t extended further a field, as a need for
learning such valuable skills is so important, particularly in todays world of technological
exchange and social media where face to face encounters are becoming less common.
Establishing such a course requires a level of commitment from each of the participating
institutions, who must all jointly value the benefits that can be gained by students
participating in such a course. Rigid and inflexible timetables and structures have to be
adapted, but this shouldn’t deter such an initiative. Once all the procedures are in place, a
framework for delivery is established and aims and objectives clarified by all participating
faculties, a similar course can be founded. This should never be considered as static and
should be developed and refined in response to student, institution and professional needs.
The principles are clearly outlined by Kirby in his text ‘Interdisciplinary Design in Practice’
(Spence, R., MacMillian, S., & Kirby, P., 2001), where he states that knowledge of the methods
and priorities of the other disciplines is not enough to ensure effective collaboration. What is
equally important is a set of attitudes including generosity, curiosity and an ambition to work
towards the best rather than the adequate.
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Introduction
In the past decade, interests in creativity research have increased as the problems in
our daily lives have become more complex due to the advancement of technology;
education seemingly should reflect these issues. However, as early as 1950, J.P. Guilford
asked in his presidential address to the American Psychological Association regarding the
importance of creative education: ‘Why do we not produce a larger number of creative
geniuses that we do, under supposedly enlightened, modern education practices?’ For
Guilford, creativity meant the patterns of creative abilities that are manifested in the
performance of creative people (Guilford, 1950). Pointing to the neglect of the study of
creativity in psychology research along with the major problems of creativity research, he
argued that creativity should be systematically studied and developed in vocational and
educational settings. Even after 60 years of research in creativity and innovation across
disciplines, however, Guilford’s question still remains unanswered. Is the current education
system sufficient to develop the creativity of individuals? If not, what should students learn
and how? How should we design a process and an environment for creative learning? To
address these questions, we call for the study of process and press that support creative
learning in transdisciplinary design education. In this paper, we use the term
transdisciplinary with an emphasis on the creation of new knowledge across disciplines in
contrast to interdisciplinary or multidisciplinary, which focus on problem solving through
cross-disciplinary learning. In addition, transdisciplinary scholarship allows one to
transform their disciplinary identities when they work in a community outside their
disciplines, such as when a psychologist or engineer begins to identify with a design
community (Derry & Fischer, 2006).
The purpose of this paper is to explore important issues of how the creativity of
undergraduate students can be developed through transdisciplinary design education.
Compared to the increasing numbers of transdisciplinary design programs at the graduate
level, there are only a few undergraduate programs, including the Koln International
School of Design in Germany, Design Academy Eindhoven in the Netherlands, and
Singapore University of Technology and Design. This gap may exist because it is more
difficult to develop individual creativity and to integrate knowledge and learning across
diverse disciplines at the undergraduate level, before students have mastered at least one
discipline or field. Specifically, our focus centers on how to spark creativity in foundation
course at the undergraduate level when students have not yet chosen their majors but
have begun to learn in a transdisciplinary educational setting.
We hypothesize that foundation courses in a transdisciplinary design program should
be distinguishable from those that currently exist in design education in order to further
develop students’ creativity. To explore this proposition further, this paper consists of four
parts. First, we examine the leveled and dialectical thinking connecting to social creativity
and the principles pertaining to systematic and interactive ways of educating in
transdisciplinary design. With key issues that are derived from the concept of divergent
thinking in creativity and the design process, we hypothesize that design is a social,
creative process, and discuss the importance of process and environment for social
creativity in design education. Next, we present a case study of how our theoretical
framework has been applied to developing and teaching foundation courses at Techno-art
Division at Authors’ Institution. Finally, we discuss some implications for planning and
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teaching foundation courses in transdisciplinary design programs, as well as some
limitations of the study.

Creativity and Design education
According to Tom Anderson (2005), creativity, visual culture, and new technology are
the three traditional disciplines of comprehensive design education, as each is important
for better understanding design and visual culture in contemporary life. More recent
studies have called for the need for more immediate changes in order to foster creativity in
contemporary education in higher education, or even K-12 education (Parker 2005; Wang,
2010). Indeed, in order to explore new foundations for science, technology, engineering,
and mathematics (STEM), students have been brought together from different fields and
levels who are interested in improving education or designing learning environments from
middle school to college (Derry & Fischer, 2005). In response to such changes in education,
this section provides an overview of major concepts and issues of creativity, and discusses
the role of creativity in design education.

Divergent Thinking in Creativity
Among diverse concepts of creativity that have developed and evolved over several
decades, this paper turns to conduct further analysis and exploration with respect to the
following questions: Where is creativity? How can it be developed and assessed in higher
education? Agreeing with Csikszentmihalyi’s (1996) definition of creativity merely as an
idea or action that is novel and valuable may not lead to a useful discussion, especially in
regard to studying how to develop the creativity of the individual. Since creativity is
inevitably a significant segment in design education, we propose that divergent thinking
helps to enrich the creative abilities of individuals. In particular, we look at the concept of
divergent thinking in this section, emphasizing its relevance for processes of design
thinking and social creativity.
Divergent and convergent thinking are identified as two distinct forms of thinking. In
contrast to convergent thinking that leads to a right answer through an analytic and
synthetic thinking process, divergent thinking is often associated with creativity by
generating novel and diverse ideas in response to a given question (Guilford, 1950). For
example, Guilford’s test to measure divergent thinking that was originally developed in
1967 asks to list as many possible uses for a common object, such as a cup or a paperclip.
One’s creative score is measured by four factors: each answer is unusual (originality),
relevant (fluency), covers various categories (flexibility), or has a detailed description
(elaboration).
We believe that a creative education program not only teaches skills and knowledge to
students but also challenges them with open-ended questions that are designed to
encourage students to apply skills and knowledge in order to solve problems in various
contexts. Divergent thinking in education supports enriching creativity in two ways. First,
the creative process helps lead to more divergent thinking. When exploring different
stages of a process from discovering a problem to generating a variety of ideas, students
are able to compare alternative ideas to the problem at hand. Second, divergent thinking
increases when an environment is provided for social collaboration among people with
different perspectives. Much human creativity arises from activities that take place in a
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social context in which interaction with other people and group knowledge are important
contributors to the process. Therefore, social creativity increases when there is a more
active interaction between an individual and others rather than working alone. Numerous
researchers note the importance of social creativity, as the larger the number of ideas
produced among students interactively, the greater the probability of achieving an
effective solution (Taylor et al, 1958).
Next, we elaborate each of these themes further, emphasizing their relation to
transdisciplinary design education and discussing the theoretical frameworks that are
relevant.

Creative Process and Social Interaction in Education
We hypothesize that creative process and social interaction are two essential elements
for creating a personal vision and a new way of seeing and exploring ideas in
transdisciplinary design education. In order to further emphasize the role of process and
environment for social interaction in creativity, we present our creativity education model
with an emphasis on creative process and social press in transdisciplinary design education
(Figure 1). Our model is based on Mel Rhodes’ (1961) four strands of creativity; each strand
has a unique identity but should operate functionally in unity. The first strand, person,
covers information about a human being, such as personality, intellect, temperament,
habits, value systems, and behavior (Rhodes, 1961). A creative person is characterized by
the capacity to be puzzled and to redefine familiar ideas, in addition to sensitivity to
problems and divergent thinking. Next, a person’s thinking process matters in creating
ideas. Rhode (1961) argues that creative process from motivation and perception to learn
and communicate can be taught in class. Since each person interacts in his environment in
a unique way, press as the relationship between a person and his environment is critical to
produce a creative outcome. Lastly, product is an idea that becomes embodied in tangible
form. Each product represents a person’s thought about a particular problem or topic
(Rhodes, 1961).
Among the four P’s of creativity that are described above, our model highlights the
systematized and creative aspects of the design thinking process and the social creativity
supported in a collaborative learning environment. In short, creative process and social
interaction will allow one to explore various ways of solving problems, while also
encouraging communication and collaboration among people from different perspectives.

Figure 1

Creative process and social press in creative education
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C REATIVITY AS P ROCESS
The concept of creativity as process has been proposed by numerous researchers who
consider the creative process to be one’s internal, mental operation for the purpose of
generating ideas. Koestler (1964) views creativity as a ‘bisociative process of unrelated
matrices of thought’ that emphasizes the importance of previously unknown connections
among ideas to produce new ones. Boden (1994) asserts that the creative process is
representative of a person’s internal exploration and transformation of conceptual spaces.
There are some creative process models that had evolved to identify different phases (e.g.,
Wallas, 1926; Osborn, 1963; Amabile, 1983); Wallas’s 4 stages in creative thinking is one of
the first models that describes how one begins to clarify a problem by collecting materials
(preparation) and organizing them in one’s mind (incubation); one then generates novel
insight (illumination) as an appropriate solution to the problem (verification). Researchers
have since changed the number and types of stages of creative processes from two
(Osborn, 1963) to four (Amabile, 1986); each model combines or separates stages from
Wallas’ four stages, yet they can be grouped under three distinct phases: problem analysis,
idea generation, and idea evaluation, as shown in Table 1 (Warr & O’Neill, 2005).
Table 1

Revision of Comparison of Creative Process Models by Warr & O’Neill (2005) (revised from
the original thesis.)

Models

Analyzing Problem

Generating Ideas

Wallas
(1926)
Osborn
(1963)
Amabile
(1986)

Preparation

Incubation

Idea Generation
Fact-finding
Problem or
Preparation
Task
Presentation

Illumination

Idea-finding
Response Generation

Evaluating
Ideas
Verification
Idea
Evaluation
Response
Validation

Although Wallas’ model and others focus on the creative process of individuals in
general education, their relevance to design education can be explained by two reasons.
First, it has been demonstrated that intellectual creative process leads to creative outcome
in the context of design education (Parker, 2005). Second, a creative process composed of
distinct phases is commonly found in design practice in addition to design education taking
place in a class setting (Table 2). While creative process models presented in Table 1 focus
on the creative process of individual’s mind, this can be further applied to discuss creative
process in design practice where multiple designers carry out a design project. Specifically,
similar patterns between creative process model and design process model shown in Table
2 suggest that phases of design process are the externalized steps of creative process of
individual.
Among diverse models, the ‘double diamond’ design process model developed by the
Design Council in 2005 consists of 4 distinct phases (discover, define, develop, and deliver),
each of which is quite similar to the four stages proposed by Wallas (Table 1). However,
there are some differences in the emphasis of each model. While Wallas’ model is
considered to be a linear process that switches between the conscious (preparation,
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verification) and unconscious (incubation, illumination) mind working in each of four
phases, the double diamond model highlights the iterative aspect of the design process for
diverging and converging ideas by visualizing them in the shape of two diamonds (Figure
2).
Table 2

Comparison of creative process model and design process models

Models
Wallas (1926)
IDEO’s Design
Thinking
Process (2011)
IDEO’s HumanCentered
Design Process
(2009)

Figure 2

Analyzing
Problem
Preparation
Discovery

Generating Ideas
Incubation
Illumination
Interpretation

Hear

Evaluating Ideas
Develop

Verification

Ideation

Experimentation

Create

Deliver

Evolution

Double diamond design process model (redrawn by the author, source:
www.designcouncil.org.uk)

To summarize, individual creativity can be cultivated through a systematic process and
appropriate methods that stimulate divergent thinking in creativity. The creative process
and methods of design have become essential ways of moving beyond so that designers
are equipped to act systematically (Rogers, 2004).
S OCIAL C REATIVITY AS P RESS
Creative potential may be present within an individual, but a rich and stimulating
environment is necessary for its proper expression and reflection. The social and cultural
environment must provide an opportunity to the individual to provide an outlet of hidden
potential, because environmental effect motivates an individual to pursue certain creative
activities. Consider the school environment as an example for how it plays a significant role
in fostering creativity. School conditions, teacher-pupil relationships, and the intellectual
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atmosphere at school have been found to affect the development of creativity in a
satisfying manner (Hussain, 1988). In this regard, Rhode (1961) argues that press, the
interaction between persons and their environment, has a distinct role to play in social,
creative work along with person, product, and process.
This section further discusses how social interaction leads to creativity. Creativity is a
social process informed by many voices (Harrington, 1990) and in which much instruction
emerges unpredictably from the particular interactions of the people and materials in that
specific context. Among diverse aspects of social interaction in group work, two aspects are
worth mentioning: sharing resources and integrating them into a new idea. First, individual
creativity can be enhanced by sharing resources with each other (Fisher, 2003). Warr and
O’Neill (2005) demonstrated that groups generate a total of six creative ideas rather than
the two ideas of each individual through their study (Figure 3).

Figure 3

Creative ideas produced by group work (redrawn by the author, source from Warr and
O’Neill (2005)

In addition, some researchers have demonstrated that creativity is fostered by group
activities with the use of proper methods for generating ideas within a group (e.g., Osborn,
1963; Paulus & Yang, 2000). One of the common methods for idea generation in a group
work is brainstorming.
Design process involves diverse kinds of collaboration among a group of participants in
which creative thoughts are cultivated through active social interaction. Considering the
important role of a creative environment in design education, we postulate that social
creativity can be more productive than individual creativity, and working in a group should
be more creative and productive than working alone. Therefore, instructional strategies in
transdisciplinary design education can help students with diverse perspectives to work
together by sharing and exchanging individual ideas and even integrating them into
creative solutions.
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Case Study: Transdisciplinary Design Education
Program
Current Status of the Transdisciplinary Design Education
Program
We are at the start of the 21st century, where changes are happening at fast pace and
different fields of studies are expanding their domains and even integrating them into new
ones. The development of new pedagogies for critical approaches to transdisciplinary
education has impacted a broad and diverse range of learners. Daniel Pink’s argument in
the New York Times that ‘the MFA has replaced the MBA’ caused a stir several years ago in
both the design and business education communities. He argued that the fundamental
skills and cognitive processes of the designer—holistic thinking, empathy, imagination,
creativity, visualizing problems and solutions—have become more important in business
than the traditional analytic skills taught in MBA programs (Lee & Breitenberg, 2010).
The larger context for looking at new developments in transdisciplinary design
education involves a growing international interest in creativity and innovation, in both
their cultural and economic forms. In response, numerous graduate programs of
transdisciplinary design education have emerged, including: Stanford’s D-School, the
Master of Product Development of Carnegie Mellon University, MIT Media Lab, and the
Product Innovation Lab of North Carolina State University (The United States);
DesignWorks of University of Toronto (Canada); the International Design Business
Management Program of Aalto University (Finland); Copenhagen Institute of Interaction
Design (Denmark); Munich Technology University (Germany); and the School of Industrial
Design Engineering of TU Delft (The Netherlands).
While a variety of programs are available at the graduate level, only a few
undergraduate transdisciplinary programs are currently offered, such as Koln International
School of Design (Germany), Design Academy Eindhoven (The Netherlands), and Singapore
University of Technology and Design (Singapore). This can be explained by the challenge of
teaching students at the undergraduate level to integrate knowledge from different fields.
At the graduate level, transdisciplinary education becomes much easier because students
have already acquired some expertise in a discipline. One of the major concerns in
transdisciplinary education is to enable students not only to become flexible and creative
thinkers with diverse perspectives, but also to have a solid and firm foundational
knowledge in a specific domain. Furthermore, this becomes more challenging when design
education becomes integrated with other disciplines with which it is not traditionally
associated, such as technology or management. In spite of this, developing courses for
transdisciplinary education programs at the undergraduate level is becoming more
popular.
In recent years, there has been considerable interest in the creation of undergraduate
transdisciplinary design programs in Korea. To explore this issue, we present our case study
of Techno Art Division (TAD) at Authors’ Institution. The purpose of presenting our case
study is to examine the current status and potential of the transdisciplinary design
education program through the lenses of social creativity and the design thinking process,
which both encourage divergent thinking.
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Overview of Undergraduate Transdisciplinary Design Program
at TAD in Author’s Institution
Techno-Art Division (TAD) began in 2012 and is the first transdisciplinary undergraduate
program in Korea, which brings together instructions in design, technology, and
management. Although there are other existing undergraduate programs that combine
multiple disciplines in Korea, most of them are based on assembling design-engineering
education rather than design, technology and management. The goal of the program is to
develop global leaders who will translate creativity into innovation by conceptualizing,
designing, and managing new products and services for an innovative user experience,
while also valuing creation based on information, communication design, and technology.
TAD offers three different major tracks: Information and Interaction Design (IID), Cultural
Design and Management (CDM), and Cultural Technology Management (CTM). Each major
has a slightly different emphasis on the integration of design, technology, and
management: IID focuses on design practice with relevant technology, CDM on cultural
planning, and CTM on management of the information technology business, but all are
based on placing design at the center of integration.
The curriculum of TAD consists of two parts: a foundation called Common Curriculum
and a study of courses for the selected major. In the first year, students take courses from
Common Curriculum that serve as the basis for the study of the liberal arts. Once students
select their majors at the end of their first year, they take courses that are provided by one
of the three majors from sophomore to senior year. Since the three majors are quite
distinguishable from one another, the most challenging part in building the TAD curriculum
is to determine which introductory courses should be provided as a foundation for
cultivating students’ creativity through design thinking and social interaction. This is
because foundation courses in traditional design programs, such as basic design or drawing
fundamentals, may not be sufficient to meet students’ varying needs in a transdisciplinary
program like TAD. For this reason, TAD’s foundation courses were purposely diverse,
including Introduction to Techno-Art, Drawing and Communication, Design and Culture,
Idea Visualization, and Computational Design (Table 3). In order to learn how social
creativity and design thinking have been cultivated at TAD, we will next describe two
projects in detail.
Table 3

Freshmen courses at Techno-Art Division
Semester
Courses

Spring Semester
Introduction to Techno-Art
Drawing and Communication
Design and Culture

Fall Semester
Idea Visualization
Computational Design

Examples of Courses with Social Creativity & Design Thinking
Process
In order to demonstrate how social creativity and design thinking process (press and
process) have been applied in a real class setting, we will present two courses as examples,
Drawing and Communication and Idea Visualization, that aim to enhance students’
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individual and social creativity, through each possesses a different level of creativity and
potential.
E XEMPLAR 1: W ORD V ISUALIZATION P ROJECT IN D RAWING AND C OMMUNICATION C LASS
As the first exemplar, we present a ‘word visualization’ project in the Drawing and
Communication course, which was conducted for three weeks. The goal of this project was
to enable students to imagine, observe, understand, express and make sense of the
information by transforming a word and idea into a creative form that relies on the human
visual system to perceive its embedded meaning. The project was begun with an
introduction to Albert Einstein’s quote, ‘imagination is more important than knowledge.
For knowledge is limited to all we now know and understand, while imagination embraces
the entire world, and all there ever will be to know and understand.’ This helped students
to be ready to think. Students then chose a word freely, and imagined the word, expressed
in their own imagination according to the concept or feeling of the word. They can use a
variety of proper materials to generate alternative solutions to design problems. Going
through different phases of the design thinking process, students demonstrated the
different modes of thinking that divergent thinking makes possible.
There are four phases in which students were involved during the ‘word visualization’
project. In the first phase, the educator gave short introduction and presentation to make
student more active, positive, unblocking, not to be rushing to judgment. Students formed
a group and worked in a team in order to solve the given challenge, which was to choose
their own word to express. The educator suggested that students take as many words as
they wanted and create a polygon; they also were to ensure that some words were nouns
and some verbs; they had to combine nouns and verbs; and needed to design a system to
sense weight supported using torque amplification regulated by airflow (word polygon).
Students began to discover the initial idea or inspiration of a word they chose to identify
and what kind of character or feeling the word had by sharing their ideas and experiences
one another within a team, and built up their ideation by creating idea sketches and
sharing them with teammates. In this way, sketches provided more flexibility and the
students were open to more ideas and grew more imaginative during their work (Figure 4).

Figure 4 – Discovery: Observation of 3-D element and imagination of the word
Figure 5 – Definition: Identification of character or feeling the word has
Figure 6 – Development: Building up their idea onto the form
Figure 7 – Delivery: Sharing their thoughts to communicate with classmates

After a 15-minute team discussion, students began to interpret, reframe the word in
order to define the exact expression in the second phase. In analyzing visual
communication, students decoded meaning found within the relationship between word
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and image. In this stage, the educator also let them work together to generate and
combine ideas. This helped the students maximize their creativity and problem solving
skills through teamwork. (Figure 5)
Thirdly, in the development phase, the students developed the idea to use everyday
materials to express the defined word from the second stage (Figure 6). Since this phase
took place after the students had already worked as a team, they were free to express the
word without any help of the educator, which is seemingly more beneficial in growing their
imaginations. Next, the students carved the materials and shaped them based on the
designs the student developed.
In the fourth phase, students delivered their ideas in finalized forms and shared a story
with their classmates. Idea visualization lent itself well to being a communication medium
for storytelling, particularly when the story also contains many creative ideas. They created
a prototype using cheap, everyday materials and shared their ideas by explaining what
they had produced. Such a designing process made the students think outside of the box
(Figure 7).
E XEMPLAR 2: H ISTORY R EPLAY P ROJECT IN I DEA V ISUALIZATION C LASS
The second exemplar is a ‘history replay’ project conducted for seven weeks in an Idea
Visualization class. Creating a small project for Incheon where the campus is located,
students attempt to change the surroundings through exploring its past, present, and
future, and to get the younger generation involved in creating positive community change
through design. This project was initiated by the officials at the Incheon City Capital to
examine diverse problems in the community and to propose proper solutions. Working as
a group of five, students were able to better understand the culture of a specific
neighborhood through site observation and interviews, as well as to generate ideas and
design prototypes that illuminate the existing culture, revitalize the neighborhood, and
explore the potentialities of the city.
The project began with an introduction to the double diamond diagram that guides the
entire design process for seven weeks; each week was built on the four phases. In the
discovery phase, students were engaged in activities such as walking tours, documenting
the experience by sketching, taking pictures, or making notes in order to identify and
describe the experience of the neighborhood (figure 8). During an observation procedure,
students were able to immerse themselves in their chosen site by gathering diverse data;
they also conducted interviews with community members and administered a survey to
better understand the problem from the target user. Analyzing the research findings,
ranging from historical maps or pictures to interview scripts or surveys, students narrowed
their focus and identified the major theme of the project in the definition phase. In order
to guide this converging process, students were encouraged to use the affinity map
method by writing down major findings from their research, organizing them in relation to
each other, and discovering any emerging themes or patterns between notes (Figure 10).
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Figure 8

Discovery: site observation and field survey

Figure 9

Definition: affinity map and concept map

After identifying major themes from the affinity map activity, they created a diagram
that represents the major focus and relevant themes for the project (Figure 10). Moving on
to development phase, students began to generate design concepts by creating an
empathy map and a journey map. The goal of these methods was to help students to
envision the experience of the proposed design solutions from the perspective of target
users so as to come up with diverse design concepts (Figure 10). Once they went through
several iterations of refining their design sketches and prototypes, they presented the final
design solution through a collage and storyboard to the client from the civil officials on the
last week of the course (Figure 11).

Figure 10

Development: empathy map and journey map
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Figure 11

Delivery: final design prototype for old fish market

To conclude, the students completed the design process, which improved their design
capabilities and offered urban design solutions for the community. We could utilize the
same procedure to juxtapose an issue series of transportation, sanitation, safety, energy
saving, and recreation problems faced in the community to generate solutions through this
type of project. This project was a valuable experience for students to examine the issues
in the community and receive the novel opportunity to work on practical problems through
collaborating with city officials.

Findings and Discussions
The two highlighted projects demonstrate the use of the divergent and convergent
stages of the design thinking process, specifically through the double diamond design
process model. As illustrated in these projects, students make design decisions that reflect
their personal, social, and cultural desires. As such, these decisions reflect their ideas,
ideals, and their compromises. Such assignments integrate individual knowledge and skills
in the design process by motivating a group of students to work together through a variety
of activities supported by design methods. While active involvement in the design process
usually characterizes social creativity and the design thinking process, these reflective
activities also form a foundation for the integrated education program.
Overall, students made much better progress in their teamwork than in their individual
project in terms of both process and final product, although this was the first time these
students worked on a design project as a group. These views were demonstrated by the
results of students’ course evaluations done at the end of the course. A student said, that
he learned to think creatively, and chose group work as the most satisfying part of the
course. There were also specific comments given on group work: ‘I believe the motivation
not only came out of myself, but also by seeing other friends’ and 'all the other students
worked so hard that I could not become lazy at all.’ Students were able to see the value of
social creativity and collaboration so that teamwork could be more creative and productive
than individual work when all team members work well throughout the process.
On the basis of our observations and empirical application in class, we make a few
suggestions to educators for fostering students’ social creativity and divergent thinking
skills:
 Time Management: In order to cultivate students’ creativity in class, students should
be given enough time to investigate, generate, and evaluate their own work. This is
critical in the context of a group project in which more effort and time are needed for
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students to explore a variety of potential ideas to arrive at the most feasible design
solution. As was seen in the two TAD exemplar projects above, we gave one
assignment length of three weeks, and the other for seven weeks. The time for each
project was calculated based on whether the project could be carried over a
significant period of time to achieve its goal considering its scope and expected final
outcome.
 Process- and Product-Centered: Students’ creativity and divergent thinking is
nurtured when both the product and the process are emphasized throughout the
project. To discover new challenges and to explore diverse opportunities for research,
experimentation, and revision, students be must actively involved in their own work
over time with proper procedures under proliferation and constraint processes to
reach novel and useful solutions. Therefore, documenting the overall process and its
evaluation is essential. We had students perform a presentation in class at the end of
each phase (discovery, definition, development, delivery) and students received the
proper feedback from the educator and their peers in class. The final presentation
also showed an overview of the whole process so that even the audience who
listened to the project for the first time could understand the context of the project.
 Encourage social interaction: it is also important for students to be encouraged to
integrate production with proper self-reflection and feedback from the educator and
their peers. Since creativity is essentially social process, individual and group
creativity can be further improved within social and cultural circumstances. Looking
for models to emulate, and finding links between them and one’s own work, is a
highly active and complex process. When this cultural influence is combined with a
motivated and appreciative attitude, one can borrow what is useful from one or more
works that have captured one’s interest. This interaction between the student’s own
work and that of others should be facilitated if the works are discussed in class, if the
students have ample access to works of various kinds, and if they receive help in
finding the cultural resources they need.
 Use of appropriate methods: Students’ divergent thinking is supported when they
are provided with some methods for generating ideas and thinking with a different
perspective. In TAD projects, a few methods, such as an affinity map, empathy map,
and conceptual drawing, were introduced to enable students both to expand their
thinking and to converge collected data into a useful idea. These are particularly
useful when students work in a group so as to exchange and effectively combine
individual ideas into a feasible solution.
In this paper, our investigation is limited to the illustration of two project-oriented
classes for freshmen over the course of a semester; yet researchers could adapt our
methodology in other types of project courses and test other programs or graders that
could aid in designing courses to cultivate students’ creativity in class.

Conclusion
In this paper, we have shown that the creativity of individuals can be cultivated by
offering a creative process and methods that encourage divergent thinking as well as a
creative environment that enriches diverse social interactions through teamwork. We have
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also presented the fact that our transdisciplinary design approach is essential for teaching
a variety of design-related subjects to provide a holistic view of future directions for
design. The purpose of current design education is to provide a framework for teaching
young people the skills, knowledge and potential value that they have to become flexible
thinkers and active participants in planning and shaping the world. Social creativity is one
of the most important factors in elevating foundation courses using the transdisciplinary
approach, which has the goal of empowering students to perceive creative value and apply
it in the real world. The other important factor to include in a foundation course is the
divergent thinking and design thinking process. Indeed, students learn best when they are
actively engaged in integrating conceptual understanding in a wide design area with proper
procedures.
In recent years, the industrial sector has combined knowledge and technology to
generate synergy between different fields, in the same way that academia collaborates
between disciplines to create innovative values. The goal of transdisciplinary design
education is to empower social creativity to perceive cultural aesthetic values, enhance our
lives, and insert creativity into business decisions, all in an effort to truly innovate and
explore the importance of design in corporate management. Therefore, instilling social
creativity through interactive environments and a systematized divergent-based thinking
process as a key concept (or framework) will lead to the greatest success in undergraduate
transdisciplinary design education and design fields towards planning and shaping a better
world.
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Abstract: This study aims to investigate the role of literature as a source which
contributes to imaginative design processes. It is based on the process and outcomes
of a workshop which was conducted with a group of 3rd year industrial design
students. Taking Lewis Carroll’s famous story Alice’s Adventures under Ground as
the subject of analysis and revisiting Sigmund Freud’s conceptions of his major work
The Interpretation of Dreams, the workshop dealt with the transformation of
meanings from literature to designed objects through an enriched process of
subjective interpretation. Considering that the literature can provide an important
degree of productivity in developing design concepts design students worked with
three pieces of texts by interpreting them and writing new ones and then,
translating their work into design.
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Introduction
Definitions of design are made in various ways, such as, basic human activity, changing
existing situations into preferred ones (Simon, 1969), a way of thinking (Cross, 2011) or making
sense of things (Krippendorff, 2006). All definitions stem from different perspectives, however,
they all include the concepts of creation, change and novelty, regarding products, services,
systems, experiences, interactions and meanings. Among the outcomes of the design activity,
independent whether it is a product, service or experience, there is always generation of
meaning.
Approaching design as a sense making process which results in generation of new
meanings provides us with a linguistic heritage of concepts and principles. Considering
Snodgrass and Coyne’s (1992) proposition, design can be understood through a hermeneutical
understanding process because design practice itself is a hermeneutic one. This view is based
on Gadamer’s (1975) conceptualization of the hermeneutic circle which he describes as an
iterative process through which a new understanding of a whole can be developed by means
of exploring the detail of existence.
Focusing on the role literature can play in the imaginative process during generation of
early design concepts, this paper takes design as a hermeneutic process considering that the
interpretation of a text can be a useful tool to enrich the process of creativity and
conceptualization in terms of design by encouraging design students to operate with
metaphors and representations while trying to interpret a text and create a new one.

On interpretation and design
As described by Hans-Georg Gadamer (1976), “understanding occurs in interpreting”, and
it includes a reflective dimension from the very beginning where interpretation is essential.
Furthermore, the hermeneutical task of understanding and interpreting concerns meanings
rather than facts (Harney, 1978). Thus, meaning is a function of the relationship between the
subject and his behavior, i.e., between the author and his text (Harney, 1978); between
designer and her/his product, in our case.
In considering the intersections of hermeneutics and design as the creation of new
meanings (Snodgrass and Coyne, 1992; Jahnke, 2012), and using the “hermeneutical circle”
metaphor to understand the theory and practice of design, our location is the linguistic
domain that helps us to understand, interpret and create through design. Moreover, studies
regarding design as a process of meaning generation show that the terminology of linguistics
can be benefitted by design in many ways to understand and interpret aforementioned
phenomena (Krippendorff & Butter, 1984; Krippendorff, 2006; Snodgrass & Coyne, 1992;
Karana & Hekkert, 2010). Metaphor, for instance, is one of the widely accepted and used
terms in design field that is borrowed from the domain of linguistics. As described by Lakoff
and Johnson (1980:5), the metaphor is “understanding and experiencing one kind of thing in
terms of another”. Indeed, the metaphor maintains the appearance of carrying something
over from one realm to another, that is, it brings to mind the original realm of meaning from
which it was taken, and out of which it has been carried over into new realms of usage
(Gadamer, 1976). Moreover, Ricoeur (1981) claims that, metaphor is counted among the
changes of meaning, and thus figures in the historical part of a treatise whose central axis is
provided by the synchronistic constitution of states of language. Accordingly, metaphor brings
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in to play the ability of synchronistic linguistics to take phenomena of meaning change into
account. Taking the simple description of metaphor as “the phenomenon whereby we talk,
and potentially, think about something in terms of something else” (Semino, 2008, p. 1), we
can think of it as a form of representation. This distinction between “think about something”
and “in terms of another thing” somehow corresponds to the understanding of representation
in dreams through the distinction of manifest and latent content. Considering the function of
metaphor in design which is conveying meaning (Cila et al., 2014; Casakin, 2007), this study
deals with the interpretation of a literary text to generate metaphors to feed the early design
process to enrich the generation and use of metaphors, as in the example of dreams (Freud,
1915).

The workshop: Between stories and design concepts
The main tools of this workshop were Lewis Carroll’s famous story Alice’s Adventures under
Ground providing a rich source of metaphors, symbols, linguistic games, and conceptions from
Sigmund Freud’s major work, Die Traumdeutung (Interpretation of Dreams). It aimed to
explore whether and how designers would combine their abilities of playing with objects,
meanings and metaphors with a different perspective and benefit from that in terms of
meaning generation.

Participants
In order to explore metaphor and meaning generation in design through hermeneutic
interpretive processes, this workshop was conducted with eleven industrial design students.
These students had a background in product design. They were on their 6 th semester and
preparing for their senior design project for graduation. All of them participated in the
workshop voluntarily claiming that the topic was somehow of their personal interest. During
the workshop, the students were divided into three groups (each consisting of 3 or 4) so that
they can work productively.

The setting
The workshop setting was located in one of the seminar rooms of the faculty building
where the students could comfortably work in their group but also easily interact with the
other groups. The whole workshop was recorded with a video camera by courtesy of the
participants.
Three packages were prepared before the workshop, each consisting of a different chapter
from Carroll’s story of Alice’s Adventures under Ground, the text of Freud’s dream known as
Irma’s Injection, and some blank A3 paper to write and draw. The chapters that were included
in these packages were: Down the Rabbit Hole, Pig and Pepper, and Advice from a Caterpillar.
The participants, however did not know that these chapters were selected although they were
previously informed that they would somehow be involved with the book Alice’s Adventures
under Ground, neither did they know which package included which chapter. Each group
chose a package at the beginning of the workshop and opened it after the introduction phase
of the workshop.
The workshop environment afforded friendly conversations among the participants and
the facilitator: Although participants got some guiding instructions from the facilitator, there
were no strict rules on how to proceed; participants could take a break whenever they wanted
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to or get together and converse about things whether they were related to the workshop or
not; and there were no restrictions about time meaning that it was up to the participants how
long the session would last. Since motivation was an important aspect for the work to be done
in this context, it was important that the participants enjoyed their time rather than feeling
obligated to anything. As a result, the workshop naturally developed into a structure of two
sessions when at the end of the first part, which lasted about 4 hours, the participants asked
the facilitator to reserve a similar time span for the second part of the workshop on another
day. The participants claimed that the second part deserved equal attention and that they
wanted to work on it with full concentration. Thus, another session was planned and
conducted a week later which lasted for another 5 hours.

The process
The workshop started with an introductory seminar on Sigmund Freud’s basic concepts
and principles related to dream-work and dream analysis. According to Freud (1915), the
dream represents a wish as fulfilled, and all the material composing the content of a dream is
somehow derived from experience that is reproduced or remembered in the dream. Thus,
there is always a manifest content and a latent content of the dream. Freud defines the
reproduction process as the dream-work, and claims that the sources of the dream should be
categorized to shed light for the dream interpretation.
To explain the mechanism of the dream-work, Freud (1915) distinguishes between the
manifest content and the latent content of a dream. As he claims, the analyst deals with the
dream from this latent content, and not from the manifest dream content. Thus, he defines
the task of dream interpretation as examining and tracing the relations between the latent
dream thoughts and the manifest dream-content, and the processes by which the latter has
grown out of the former. The dream-work that formulates a dream can be conducted through
four main processes, such as, condensation, displacement, representation and secondary
elaboration (Freud, 1915), which lead to the formulation of the manifest content out of a
latent content.
The analysis of dreams therefore should be structurally similar to logical and grammatical
analysis. In this context, Lacan (2006) relies on the advances in modern linguistics, especially
the formulations regarding metaphor and metonymy. For Lacan, the formulation of the dream
or the dream work is “imagining the symbol”, that is, analysing the transformation of the
symbolic idea into the image; the dream interpretation is, thus, “symbolizing the image”, by
transforming the given image into the symbol. This means that what is done in dream
interpretation is actually the kind of translation of the material which was already translated
once before (Kovacevic, 2013). Freud’s (1915) formulations of the concepts and principles,
that help to build a connection from the manifest content to the latent content of a dream
text, serve as linguistic tools to analyse narratives and interpret them by aiming to achieve
new meanings. These meanings can be discovered or generated during the interpretation of
the dream text. That is to say, mechanisms of dream interpretation is a form of meaning
generation and thus, it can provide design practice, taken as a hermeneutic process, with new
insights while assigning and creating meanings on end products.
The emphasis of the introductory seminar was on the distinction of the concepts, such as,
manifest content and latent content of a dream text which present examples of generation
and use of representation. A discussion on these concepts followed this introduction and after
that the first session of the workshop took place.
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Once each group chose one of the workshop packages with chapters from Alice’s
Adventures under Ground, a certain time was provided to take a break and leave the groups
examine the content of their packages. As a result of this blind selection, Group 1 received the
chapter Down the Rabbit Hole; Group 2 got Pig and Pepper; and Group 3 had Advice from a
Caterpillar. The groups were, then, asked to read their chapter with the perspective they
gained from the understanding of dream-work and dream interpretation regarding manifest
and latent contents as well as representations and metaphors. Principles of dream-work and
dream interpretation thereby served as triggers to think differently with and through
metaphors rather than aiming to build connections to the discourse of psychology which is not
relevant to the aim of this study and not possible with the background of the participants. In
this context, each group was told to read the chapter trying to find clues about the character
of the narrator considering the figures, environments, objects and interactions.
The groups were told that they were free in using texts and drawings in presenting their
analysis, and the outcomes of the first session were mainly in the form of mind maps where
each group analysed, interpreted and conceptualized the text with a new perspective (Figure
1).

Figure 1. A sample from the outcomes

In the process of reading and analysis, the groups were left on their own and the facilitator
only intervened whenever the participants had questions or wanted to talk to her about the
process. Each group reconsidered the objects and environments in the story with a different
perspective and discovered new concepts relatedly. At this stage the groups worked on the
manifest content trying to achieve the latent content of the text focusing on metaphors and
representations.
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Group 1’s analysis on Down the Rabbit Hole brought about a certain focus on the words
around which dialogues and actions happen in that chapter, such as, ‘hole’, ‘chase’, ‘clock’ and
‘jar’. They identified ‘hole under the fence’ with secrecy; ‘to chase’ with curiosity; ‘the clock’
with awareness; and ‘the jar’ with adulthood.
What has followed from Group 1’s analysis is that the narrator represented herself in two
different identities as Alice and the white rabbit. According to Group 1, this results from the
conflicts of the narrator’s personality, regarding who she is and who she wants to be.
In Group 2’s analysis on Pig and Pepper, they underlined the words, such as, ‘pepper’,
‘sneezing baby’, ‘beating’, and ‘cook’. They linked ‘pepper’ to a thing the girl desires; ‘the
sneezing baby’ to an undesirable consequence; ‘the beating’ to a reaction to the undesirable
consequence; and ‘the cook’ to the girl’s effort to suppress her desire. Group 2 interpreted the
whole situation as a reproduction and representation of an incident that the narrator had lived
recently: The narrator could not resist her desires and did something that was forbidden to
her, and therefore, she is waiting to be punished for that behaviour.
Group 3 analysed the chapter Advice from a Caterpillar working on three concepts, such as,
‘Alice’s size’, ‘mushroom’, and ‘caterpillar’, and their interpretation was that ‘Alice’s size’
represented ‘change and control’; ‘the mushroom’ represented ‘experience and solution’; and
‘the caterpillar’ represented ‘the society’ and ‘her/his own inner voice.’ Group 3’s
interpretation regarding the narrator was that it is a person who cannot have full control of
her/his life due to society’s pressure and her/his own suppressions. Therefore s/he is lost
trying to find a solution to deal with the external and internal judgments about her/his
decisions.
This first part of the workshop ended with presentations of each group where they
explained their process of reading, analysis and interpretation. It was observed that at this
stage there was a minimum level of interaction between the groups since each group tried to
isolate itself and focus on its specific chapter. The outcomes show that the groups read the
texts in detail, underlined certain aspects they found important and took notes during reading
which they later reflected on their mind maps as main concepts of consideration. Another
observation regarding this stage was that the iterative imagination process continued as the
groups were presenting their work, i.e., each group contributed to the analysis of the others
through conversations at the end.
The second session of the workshop was the continuation of the first one, and started with
a brief discussion on the concepts and principles that were generated previously. Following,
participants were asked to design the next imaginary narrative as a continuation of the one
chapter they analysed and a ‘central object’ to this narrative. Each group was free to present
the next narrative in the way the group members preferred, such as, texts, drawings, or mockups. The outcomes were stories presented as scenarios; two and three dimensional visual
representations of certain scenes and central objects; and dramatic performances.
Group 1 created the follow up narrative around the concepts of ‘change’, ‘awareness’ and
‘adultness’, and designed a looking-glass as the central object around which the story
happens. As defined by Group 1, the looking-glass represents the confrontation of the
dreamer with her issues regarding aging. They presented their work by writing down a step by
step scenario and drawing the environment of the climax of the scenario.
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Figure 2. Group 2’s story

Group 2 wrote a detailed story around the concepts, such as, ‘desire’, ‘reaction’ and
‘suppression’ (Figure 2). Again, they wrote a text where they described the characters,
environment and line of actions. Different from Group 1, they kept the narrative tone rather
than proceeding step by step and focused on creating dialogues and language games. In
addition, their work was more visual considering that they tried to draw every important
scene of the story. They stated that their central object was an imaginary bicycle under water
which stands for the confusion of the narrator regarding her aspirations and life. They also
made a simple model of this bicycle giving their imagination a third dimension. The
distinguishing thing about Group 2’s work was that they designed something new instead of
taking an already existing object and attributing a different meaning to it (as Group 1 and
Group 3 did).
Group 3 designed a story around the concepts of ‘control’, ‘society’ and ‘inner voice’, and
chose shackles as the central object of the story. They explained that the shackles represent
the narrator’s thoughts and feelings that tie him to his own conscience. Besides writing a text
and making drawings of some scenes of their scenario, they presented their work with a
dramatic performance. They slightly changed the environment of the workshop by adjusting
the lights, making sound effects with their iPhones and reading their story in a horror film
atmosphere. They asked for collaboration and reaction from other participants during their
performance.
At the end of this second session, again, an overall discussion was lead about the
connections between all groups’ analysis, stories, objects and designs. The outcomes show
that participants used different aspects of representations and metaphors in an effective level
in generating stories, characters and related designs.
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Analysis and findings
An overall evaluation of the workshop outcomes shows that the distinction between
manifest and latent contents was helpful for students in gaining a certain perspective and
analysing the text in a deeper sense. It also enabled a productive imagination process in the
case where students started with latent contents and materialized them to their manifest
contents. By facilitating both this distinction enabled students to play with meanings;
experience how they can be conveyed from one domain to another and from concrete to
abstract as well as from abstract to concrete.
Another finding from the workshop was that to design the combination of a story and
object(s) helped the students to rethink the situated relations between objects and their
meanings. Working from latent content towards a manifest one encouraged them to recontextualize the objects and their connotations in generating metaphors.
Regarding the working process, it was helpful for the students to explore how they can
express themselves best. Enabling them to work in an understanding where each individual
interpretation is valuable and welcome, and encouraging them to find their way of meaning
generation resulted in the appreciation of diversity and interaction. This led not only to the
creativity in generating scenarios and concepts which then relate to artefacts but also to novel
ways of presentation, such as the unexpected dramatic performance.

Conclusion
A product’s meaning is recreated in its every interaction with users, designers and other
stakeholders; however, it is first generated by designer’s conceptions and intentions. Once a
design meets other stakeholders it is hard to estimate the variances and layers of meaning it
will gain, and this, actually, is the power of interpretation whether it be a linguistic or a
behavioural one. By appreciating this continuous interpretation and recreation of meaning of
every final product, this study proposes alternative processes for generation and organization
of meanings for designers to make some implicit processes explicit and enrich them with
further concepts.
The understanding of design as a hermeneutical circle has been the starting point of this
paper, which makes explicit that processes of understanding and interpretation can and
should lead to the creation of new meanings. By taking design and dream-work as
hermeneutic processes, this study connects these two domains through the channels of
interpretation in order to explore processes of how meaning is generated and conveyed in
design.
Finally, this study also suggests that, as shown by previous studies, interdisciplinary
approaches to design would enrich the design domain, because design is a holistic concept
consisting of varying and dynamic components which can be enriched through encountering
interrelations with many of different domains.
Acknowledgements: The author thanks all the students who participated in the
workshop for their voluntarily work and valuable contribution.
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Abstract: Understanding people’s experiences and use contexts at the early
stages of design process has become an important aspect of design profession
and education over the last decade. Generative design research helps designers
uncover users’ experiences, and understand people’s current needs, preferences,
future expectations and dreams. In this paper, two complementary methods
namely, Generative Focus Group (GFG) and Experience Reflection Modelling
(ERM), will be presented through a research case focusing on the development of
sustainable design considerations in the areas of effective use of resources, and
product maintenance and repair. The first method intends to gain feedback from
a group of people to develop design directions through facilitating group
discussion and enabling engaging participation by using generative tools
including diaries and timelines. The second one utilizes a special toolkit including
abstract two and three dimensional product parts to reveal individual’s needs,
preferences, etc. in a more in-depth manner, and to further explore the insights
and design directions emerged from the application of the first method. This
paper aims to provide an initial model for bringing together these methods
incorporating generative tools and techniques, which are adaptable,
participatory and engaging, and to discuss their implications for design
education.
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Introduction
Design practice is undergoing a transition in its meaning from just form giving of
artefacts, towards a more human-centered understanding of designing products (Denton &
McDonagh, 2003). Considering the significance of people, their behaviors, needs and
preferences to define emerging demands and expectations, design research appeared to
be an important part of design process. Design education is going through a parallel
transition as well, and reveals the potentials of taking into account user knowledge
including human factors, experiences and interactions for the design process.
Consequently, with the aim of enabling design students to transfer the research knowledge
into a more attentive design process, user research has become an integral part of design
education curriculum in various design departments (Wormald, 2011; Arnold, 2009;
Buchanan, 2004). User research conducted in educational context not only helps design
students expand their knowledge and skills through understanding use experience and
context for developing design solutions, but also empowers research orientated learning in
design education. By this way, design students feel more confident in developing design
ideas based on the conjunction of design and research knowledge.
As any designed object is intended for people, the knowledge focusing on use
experience and context should be an integral part of the design process (Hanington, 2007;
Mitchell, 1995). The involvement of the people in the design process is perceived as an
expansion on designers’ viewpoint, as it provides a critical understanding about people’s
needs, preferences, experiences, and the context of use. Such a comprehensive
understanding helps design researchers avoid biases that stem from their assumptions
about users. Apart from the use context and experience, there is a need to explore the
future expectations of people to better inform the design process.
The means of involving people in design research affects the depth of knowledge that
can be gathered through it. Tacit knowledge of people (Polanyi, 1964) and their latent
needs (Sanders, 2001) cannot be retrieved from what people say. Generative research
tools and techniques are used to gather deeper understanding of user knowledge, feelings
and dreams through revealing both tacit knowledge and latent needs (Visser, et al., 2005).
Generative research can uncover more profound user knowledge to inform the early
stages of idea-generation phase of the design process. The generative methods in that
manner provide many potentials for design education to support creative learning and
reflection processes. Thus, new generative research methods that can be adopted in
educational design projects need to be developed and introduced to the design research
literature.
In this paper, two generative research methods – i.e. Experience Reflection Modelling
(ERM) (Turhan, 2013) and Generative Focus Group (GFG) (Oğur, 2014) – will be presented
with respect to their complementary nature to inform the idea-generation phase. Within
the context of a research case, the means of bringing these two methods together will be
discussed in the form of an initial model for design education.

The generative tools and techniques
Generative research methods can be used to collect data about users’ experiences in
depth regarding a research topic, by using generative tools and techniques like collages,
diaries and mind-maps. (Sanders et al., 2010; Levitt & Richards, 2010; Hanington, 2007).
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Generative research methods aim to reveal users’ experiences through four dimensions
(Sanders et al., 2010):





probing participants for a research topic,
priming participants in order to immerse them in the domain of interest,
understanding their current experiences, and
generating ideas or design concepts of the future considering the research topic.

There are various tools and techniques to be used in generative design research for
different purposes and contexts. Some of these are projective, and aim to encourage
people to explain their thoughts and experiences in detail. These tools include diaries,
cards with images or text, and daily logs. Others are constructive, and aim to enable people
to make tangible things that represent their thoughts and experiences. These tools include
Velcro modelling, collages and mind-mapping. Sanders et al. (2010) classify these tools and
techniques according to their forms, purposes and contexts. These tools and techniques
enable non-designers to express their thoughts and experiences effectively during
generative research sessions (Arnold, 2009). Various combinations of these tools and
techniques can be used according to the purpose of the research (Sanders, 2000). Table 1
below includes the generative tools and techniques that are used for developing the
generative methods presented in this paper.
Tools and techniques used in GFG and ERM (Adapted from Sanders et al., 2010)

X

X

X

X

X

X

X

X

X

X

X

X

2-D mappings using visual and verbal
components
3-D mock-ups using foam, clay, Legos
and etc.
Stories and story boarding
Diaries and daily logs

X

Cards to organize, categorize and
prioritize ideas

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

On-line

X

Face to face

Generate

X

Group

Understand

Talking, telling
and explaining

Making tangible
things

2-D collages using visual and verbal
triggers

Prime

Tools & Techniques

Context

Probe

Purpose

Individual

Table 1.

X

Introducing new research methods bringing together generative tools and techniques
for design education is crucial to broaden students’ understanding of design based on user
knowledge, and to enrich their creativity in the problem solving process (PuayHwa, 2012;
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Bennett, 2006). As mentioned before, generative research present potentials in revealing
users’ experiences, knowledge and future expectations (Visser, et al., 2005). Adopting
generative methods in design process within the educational context empowers design
students in their design practice through providing them with the tools and techniques
that would (1) ease their role as design researchers, (2) reveal profound user knowledge,
and (3) encourage to adapt research methods for future professional experiences. The
methods explained throughout this paper (i.e. GFG and ERM) are closely linked with these
attributes. In the following section, how the GFG and the ERM as complementary methods
support each other is explained through proposing an initial model for integrating
generative research into design education.

An Initial Model for Generative Design Research and
Design Education
The GFG and the ERM are two complementary generative research methods that
present potentials for the integration of those into design education. Both methods are
well-structured and easily applicable to design education context. The GFG method uses
projective tools and techniques that reveal users’ experiences regarding the use phases of
the product through encouraging participants to explain their thoughts and experiences in
detail. As a warm-up session, it primes the participants to the ERM, and also provides the
ERM session with the necessary information regarding the use phases of a product to
develop the interview schedule in line with the research topics. The ERM uses constructive
tools and techniques that enable participants to build tangible things which represent their
thoughts and experiences, as well as their tacit knowledge. The experience information
revealed is then analyzed to find out problem areas for the product of inquiry (Figure 1).

Figure 1.

The relationship between Generative Focus Groups and Experience Reflection Modelling
with respect to the users’ experiences and knowledge revealed to identify problem areas.

The ERM method was developed within the context of design education projects at
undergraduate level between 2011 and 2014. Then, this method was applied to a
comprehensive, government-funded research project on developing sustainable design
considerations for small household appliances. As an expanding product category, small
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household appliances sector is growing in the number of product types it includes, and it is
becoming more and more accepted in domestic environments. Besides, due to its growing
acceptance in these environments, energy consumption of this category has been steadily
increasing (Energy Saving Trust, 2012). Regarding the concerns on resource consumption
and the shorter lifespans of these products, there is a need to develop considerations in
line with sustainability approaches.
In the first phase of the research project, the awareness of designers and
manufacturers about sustainability considerations in small household appliances were
investigated through semi-structured interviews. Following that, it involved two main
phases of user research, namely warm-up and ERM sessions. To prepare users for the ERM
sessions, a more structured and comprehensive approach was adopted for the warm-up
sessions that led to the development of the GFG method. In the following sections, the
development phases of these two methods along with the projective nature of the GFG
and the constructive nature of the ERM will be discussed.

Generative Focus Group (GFG)
The Development of the GFG Method
The GFG was developed as a data gathering method to have a comprehensive
understanding of the participants’ use experiences and probe their insights on a particular
research topic. In this research case focusing on effective use of resources, and product
maintenance and repair in household appliances, the GFG sessions were facilitated to gain
insights into the participants’ use experiences, and prepare the potential participants for
the ERM sessions that were conducted in the following phase of the research. The
interaction between the participants in the GFG sessions was significant for a better
understanding of the use experiences, and the development of strategies related to
research topics. Therefore, facilitating engaging discussions became valuable to explore
multiple insights on these topics.
The GFG method differs from the focus group method as it integrates a combination of
complementary generative tools (e.g. individual and inclusive timelines, experience cards,
product diagrams, etc.) to enable engaging participation of the users. The GFG method
effectively involves people in the sessions, since it includes a well-structured preparation
phase to ease the workload of both the facilitator and the participants.
The aim of the GFG method is quite similar with the user observations, yet the research
environment adopted in this method differs entirely. The user observations are commonly
carried out in real-life contexts around a product or an activity, whereas the GFG sessions
are conducted in a controlled environment in the absence of the product of inquiry. Yet,
the GFG method provides the researchers with knowledge on users’ experiences and
insights, and enables the users to participate in the discussions actively and effectively
through the integration of supplementary tools (i.e. an individual timeline, experience
cards).
The Generative Focus Group incorporates a combination of projective generative tools
(i.e. individual and inclusive timeline, experience cards, resource icons and product
diagrams) and techniques (i.e. card sorting) to gather information regarding users’
experiences and insights on effective use of resources, and product maintenance and
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repair. The stages of GFG sessions are explained below in three steps along with the
development and the integration of the generative tools.
The Preparation Phase of the GFG Method
Prior to the GFG sessions, a comprehensive preparation phase is undertaken to enable
active involvement of the participants. This step includes preparing the interview schedule
and the generative tools, recruiting the participants, and arranging the place for the
sessions (Figure 2).
An individual timeline as a user diary was developed to gain a comprehensive
description of user behavior and experiences within the use context. The participants
recorded their experiences, indicating the use phases, product feedbacks, and their
negative and positive experiences in each phase. Considering the main aim and scope, the
timeline employed in this study involved entire use phases of a product (e.g. preparation,
operating, cleaning, storing, etc.). Yet, it can focus on specific phases regarding the
research purposes in diverse studies.

Figure 2.

Preparing and conducting the GFG session: (1) invitation for potential participants, (2)
individual timeline template on A3 paper, (3) filled-out individual timeline, (4) experience
cards (approximately 8x6cm), (5) color-coded toolkits including resource icons and
experience cards, (6) inclusive timeline (around 2 meters long), (7) product diagrams on
A1 paper, (8) a snapshot from the session, showing the research setting.

The individual timelines were filled out by the users and returned a few days prior to
the session, so that the participants’ statements could be transferred onto the templates
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for preparing the experience cards. The experience cards template consists of the name of
the use phase, and related positive or negative experience. Later, these cards were printed
in different colors for each participant. The experience cards aimed to transfer the data on
individual timelines to the GFG sessions to enable the participants recall and discuss their
experiences collectively. Afterwards, based on the participants’ mutual and differing use
phases recorded on the individual timelines, an inclusive timeline was created for each
product case. This inclusive timeline aimed to enable the participants to organize and
categorize their experiences under the relevant use phases, and to discuss each other’s
experiences during the sessions.
In order to probe into the participants’ insights on the use phases that would consume
resources excessively and/or unnecessarily, the resource icons for water and electricity
were provided in different colors for each participant. Additionally, product diagrams were
prepared separately for each product category, and for each session two diagrams were
printed out separately for product maintenance and repair. The diagrams that show and
identify the product parts aim to reveal users’ experiences regarding maintenance patterns
and breakdown reasons for the product of inquiry.
While developing and preparing the generative tools, a short invitation was prepared
and distributed via e-mail and social media to recruit potential participants. Once receiving
their consent to be a participant, the sessions were scheduled. Finally, the research setting
was arranged for the GFG sessions, and the audio and video recording devices were placed
in order to capture the participants’ interaction with the generative tools and each other.
Conducting the GFG Sessions Part-I
7 GFG sessions were carried out with 30 participants in total and their distribution was
as follows:
1 session for electrical tea makers (4 participants)
1 session for blenders/choppers (5 participants)
1 session for Turkish coffee makers (4 participants)
2 sessions for contact grills (5 + 3 participants)
2 sessions for vacuum cleaners (5 + 4 participants)
The sessions were conducted in two phases. The first phase focused on exploring the
participants’ positive and negative experiences with the products, and probing into their
insights with a particular emphasis on effective use of resources. During this phase the
participants attached their experience cards on inclusive timeline under the relevant use
phases, and discussed each other’s experiences further (Figure 3). They were also provided
with color-coded empty cards to encourage them to add comments or experiences that
they recalled during discussions. Later, the participants placed resource icons on the use
phases or the experience cards to show that these would be responsible for excessive
and/or unnecessary resource consumption. Afterwards, they discussed the reasons why
they thought those phases consumed resources in that way. It should be noted that these
discussions on resource consumption did not reveal any factual data, but rather they
revealed the participants’ insights on resource consumption for further discussion. This
phase of the GFG sessions took approximately 45-50 minutes.
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Figure 3.

Images from the GFG sessions; placing experience cards on the inclusive timeline (left),
attaching resource icons on related use phases and/or experience cards (right)

Conducting the GFG Sessions Part-II
The last stage of the session focuses on revealing the participants’ insights on product
maintenance and repair for each product category, and exploring the related problem
areas. Therefore, it involved refined product diagrams through which the participants
easily wrote down their comments and insights about product maintenance in relation to
product parts for the selected product categories (Figure 4). This phase of the GFG sessions
took approximately 15-20 minutes.

Figure 4.

Images from the GFG sessions - participants revealing their insights considering product
maintenance on blender diagram (left), and product repair on contact grill diagram (right)

The structured nature of GFG along with its generative tools and techniques eased the
researchers’ role as the facilitator, compared to conventional focus group sessions. The
generative tools used in the GFG sessions facilitated discussions between the participants
easily to uncover in-depth use experience knowledge. Consequently, the GFG sessions
revealed more detailed information on users’ experiences than initially anticipated.
Through utilizing generative techniques and tools in a structured manner, the GFG method
presents potentials in its integration into design education, as it enables novice designers
to gain experience as a facilitator in a focus group context. In a research project context,
the sessions are facilitated by experienced researchers, whereas in design education
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projects design students may need further guidance from course instructors or studio team
for the preparation of the generative tools and the facilitation of the sessions. An
introduction to the method can be supported by rehearsal sessions, so that the students
can get more familiar with the application of the method. Alternatively, the generative
tools that are used in this method can be partially adopted considering the purpose of an
educational project. For instance, the individual timelines can be used by the design
students in user observations to record use phases in line with use experiences.
Furthermore, the second part including product diagrams can be used by itself in a
generative session to better understand users’ experiences and needs regarding product
maintenance and repair which can also help facilitate engaging discussions for highlighting
the issues around a specific product part.

Experience Reflection Modelling (ERM)
T HE D EVELOPMENT OF THE ERM M ETHOD
The Experience Reflection Modelling (ERM) method was developed, and then
presented in a doctoral thesis (Turhan, 2013). Throughout this study, the method was
developed through its integration into three different educational design projects on
designing (1) mini-oven, (2) electric tea maker and (3) tea making and serving set in the
third-year industrial design studio. The ERM was initially developed for design education,
which aimed to empower novice designers with required skills to gain insights into users’
experiences. The educational cases mainly focused on design for sustainability, and the
ERM method was adapted accordingly.
While developing the ERM, the adaptability of it in the context of the design education
was continuously evaluated, and the generative tools to be adopted for the method was
selected with regard to the novice designers’ capabilities. At the end of each application of
the ERM, a series of interviews were conducted with the design students to find the
opportunities and difficulties for the incorporation of the ERM method into educational
projects.
The ERM method includes a generative toolkit and semi-structured interview. Both of
which would provide complimentary properties to reveal tacit knowledge and latent needs
of users that otherwise would not be acquired. The constructive generative toolkit enables
participants to communicate their thoughts, feelings and preferences that can be hard to
express verbally (Turhan, 2013).
The integration of the ERM method into design education enables teamwork and
collaboration between students, and provides them with tangible outcomes reflecting
users’/participants’ tacit knowledge and latent needs. The analysis of the ERM sessions
helps design students identify problem areas with regards to the design brief, and develop
design directions for each area.
The ERM is positioned between exploratory research and idea-generation phases of the
design process. User observations and/or generative warm-up sessions are necessary prior
to the ERM sessions, as both the participant and the designer need to be familiar with the
research topic beforehand.
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T HE P REPARATION P HASE OF THE ERM S ESSIONS
The preparation step of the ERM includes preparing the toolkit, adapting the interview
schedule, and arranging the place for the ERM sessions in which video and audio recording
can be done without intervening the sessions.
In this research case, the features of parts (i.e. shapes, sizes, material, etc.) to be
included in the 3D modelling toolkits for each product category (i.e. tea makers, Turkish
coffee makers, blenders/mixers, vacuum cleaners and contact grills) were decided upon
and developed. Then, they were CAD modelled and their development views were drawn
for each product (Figures 5). Finally, the toolkits were produced by using a laser-cutter, and
then assembled with tapes and adhesives (Figures 6).

Figure 5.

CAD modelling of ERM toolkit parts and related information

Figure 6.

Assembly of the 3D parts produced from a laser-cutter

Additional materials (e.g. colored papers, color pens, putty-like pressure sensitive
adhesive, play dough, paper tape, etc.) were also included in the toolkit, which might be
used for assembling parts and also creating new parts that were not included in the toolkit
(Figure 7).
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Figure 7.

An example of the ERM toolkit prepared for blender/mixer product category including
laser-cut parts and additional materials

In addition to the ERM toolkits, comprehensive interview schedules were prepared for
each product category. The interview schedule template presented below (Table 2) was
adapted according to the use phases of the product of inquiry, derived from the GFG
sessions, emphasizing on users’ needs, preferences and expectations, as well as use of
resources, product maintenance and repair.
Table 2.

Template for the questions asked in the ERM sessions
Let’s pick a scenario you use [the product] the most before we start. Let’s enact that scenario.

Preparation

Let’s decide on the basic parts of the product before we enact the process.
What size do you prefer [the part] to be?
What kind of an appearance do you prefer for [the part]?
How would you like to place [the parts]? Why?
(These questions are repeated for every product part throughout the session)
What kind of preparations do you make before using the product?
Could you tell us the use process through the model you created?
(The order of the following questions can change according to the product of inquiry and related use
phases)

Usage

When do you turn on [the product]?
How would you like to turn [the product] on?
Let’s say [the product] is working right now, how do you make sure it is on?
Would you prefer another way to make sure the product is working? Why?
How do you decide on the adjustments (e.g. duration, temperature, etc.)?
How do you adjust them?
Would you prefer another way to adjust them?
Would you like to have other adjustment options for controls and displays? Why?
[These questions are extended according to the use phases derived from the GFG sessions.]
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After Use

[The product] is working right now, how often do you check the food, drink, etc.?
How do you check them?
How do you decide the process is finished?
Let’s say the process is finished, what do you do upon the completion of the process?
When do you turn off [the product]? Do you pull its plug?
Would you prefer to turn [the product] off in another way? Why?
Have you ever faced a problem while using your [product]?
According to you, what features can be added to [the product]?

Additional Features Resource
& Improvements Consumption Maintenance & Repair

How do you clean [the product]?
Do you face any problems while cleaning [the product]?
What other features can be added to [the product] for cleaning?
Did your [product] break down before? Why?
Did you take your [product] to service center?
To prevent break down, are there any parts you handle cautiously/carefully? Why?
In order to prevent product break down or aging, what kind of features can be added to [the
product]?
To what extent the repair service is important for [the product]? Why?
Did you have any accidents with [the product]?
Let’s say you are using [the product] for a long time and you think it is old now. If you had the chance
to renew any product parts, which ones would you like to renew? Why?
Compared to other small household appliances, how do you assess the energy consumption of [this
product]? Why?
Are there any tactics you use to decrease the energy consumption of [the product]?
What feature can be added to [the product] to decrease its energy consumption?
Are there other new features that you would like to add to [the product]?
If you could, what kind of improvements would you like to make on [the product]?
Looking back at all the process, is there anything you would like to add to [the product] about the use
phases?

Upon preparing the ERM toolkits (Figure 7) and the interview schedules (Table 2) for
each product category (i.e. tea makers, Turkish coffee makers, blenders/mixers, vacuum
cleaners and contact grills), a meeting room with a large table to place the ERM toolkit on
was arranged including enough space to position the video camera and voice recorder for
the ERM sessions.
C ONDUCTING THE ERM S ESSIONS
In this research case, the participants for the ERM sessions were selected among the
ones who were involved in the GFG sessions. The GFG provided the researchers with a
preliminary understanding of users’ experiences, while familiarizing the participants with
the research topics and priming them for the ERM sessions. The ERM, on the other hand,
enabled a more in-depth comprehension of the context and the situation of use, and the
participants’ states-of-mind individually. 20 ERM sessions were conducted in total, and
divided into the product categories as follows:
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4 participants for tea makers
2 participants for Turkish coffee makers
5 participants for contact grills
3 participants for blenders/mixers
6 participants for vacuum cleaners

The sessions took approximately one hour, and were audio and video recorded. The 3D
outcomes of the ERM sessions were photographed after each session (Figure 8), and then
taken apart for their parts to be used in the next session. The ERM as a research method
can be adapted to different research aims and contexts. Abstract 3D mock-ups can easily
be created with the help of CAD programs and laser-cutters, using paper-based materials
(e.g. cardboards, other types of paper based boards, etc.). The interview schedule can be
modified to match the research purposes at hand.

Figure 8.

The 3D modelling outcomes from the ERM sessions (left to right: electric tea maker,
contact grill, blender/mixer, Turkish coffee maker, vacuum cleaner)

The engaging nature of the ERM sessions helped the participants develop these
reflective models (Figure 8). Throughout these sessions, the researchers were able to gain
tacit knowledge of users which otherwise could not be revealed through more traditional
research methods, such as user observations and semi-structured interviews. These
methods (i.e. GFG and ERM) are suggested as complimentary within the context of this
research case, however, each can be further developed and adopted through the
incorporation of new generative tools and techniques for other research and educational
projects. In this research case, these tools were used to find out sustainable design
considerations for small household appliances. In a design education context, these tools
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can be incorporated into projects, particularly at the human-centered research and early
idea-generation phases. The drawing files for the toolkit, and the related information may
need to be prepared and provided in advance by course instructors in a design education
context, particularly if there is a time limit on that project. Thus, design students can build
their own toolkits easily and practically. An actual demonstration toolkit can be useful for
explaining the process in detail and showing various means of adapting and personalizing
the toolkit. A template for the interview schedule needs to be provided in advance as well,
so that the design students can spend more time on rehearsing, conducting and analyzing
the ERM sessions. The findings and insights from both the GFG and the ERM methods can
be used as design directions or design solution areas for the idea-generation phase, which
leads to comprehensive design-detailing in further stages.

The implications of bringing together GFG and ERM
for design research and education
Throughout this paper, two generative methods (i.e. GFG and ERM) are introduced in
detail as complimentary considering their implications for design research and education.
The research case, in which these two methods were used together for the first time,
provided the design researchers with comprehensive information on users’ experiences
regarding the research subjects (i.e. effective use of resources, product maintenance and
repair).
GFG was developed during the research case exemplified here. The whole phases of the
GFG sessions were planned in a detailed way, in terms of the generative tools and
techniques incorporated, which led to the facilitation of the sessions in a practical and
engaging way. This detailed and structured nature of the GFG eased the role of facilitators
to a greater extent, which would make the method well-suited to be used by design
students compared to focus groups and/or user observations. These tools and techniques
encouraged the participants’ involvement in the sessions, which in turn revealed more
detailed information than expected on the use phases and related user knowledge. The
GFG also initiated discussions regarding the effects of user behavior on the research
subjects, and primed the users for the ERM sessions by helping them understand the
relationship between their behaviors and the research topics. The experience of the GFG
sessions helped the participants understand the questions clearly and respond them
accordingly in the ERM sessions. The results of the GFG were also utilized for the
development of the ERM interview schedules for each product, as these revealed the use
phases and areas to focus on for each product case. Consequently, effective ERM
schedules and sessions tailored to different product categories were prepared and
conducted.
In design education, the integration of these two methods separately or in sequence
into the early phases of design process can equip design students with skills for conducting
human-centered research and revealing tacit user knowledge in a convenient way. These
methods have also potentials for enabling students to easily incorporate the user
knowledge gathered from the research phases of design process into the idea generation
phase. As discussed earlier, the methods (i.e. ERM and GFG) improve the students’ ability
to conduct a human-centered research (application), to analyze the user knowledge
(analysis) and to compose a new meaning through combining design and user knowledge
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(synthesis). In that sense, it can be interpreted that these methods aim towards learning
outcomes in higher cognitive domain (Bloom & Krathwohl, 1956) through gaining advanced
design research skills.
This paper serves as a guideline for bringing together these methods, which is
presented through the research project case on sustainable design. While the GFG enables
the researcher to have a better understanding of the use experiences of a particular
product, the ERM reveals participants’ needs, preferences and expectations, and focuses
on the results of the GFG in a more in-depth manner. If the sequence of these two
methods is well organized, both design students and participants can be primed for the
further phases of research process. This initial model has many implications for design
education in terms of bridging the gap between design students as novice designers and
people as users. It generates an effective way of communication to better understand
potential users’ needs, preferences and expectations, and enables teamwork and
collaboration among design students. It also introduces generative tools and techniques
that novice designers may utilize in their future design practices through developing their
own approaches to design processes.
Acknowledgements: The research conducted and presented in this paper has
been funded by TUBİTAK 3501 Career Development Programme (Project No:
112M228).We would like to thank our participants who were involved in and
contributed to the GFG and ERM sessions.
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Abstract: Design is increasingly a global activity: addressing issues that challenge
and affect people and populations other than our own, involving stakeholders
from many cultures, realized through borderless networks of knowledge,
services, materials, manufacturing and distribution. There is an appetite among
graduates, especially in design and engineering, to broaden horizons and raise
ambitions, to tackle big issues through innovation to bring about life-changing or
world-changing impact. Employers demand such thinkers and doers: culturally
attuned, multidisciplinary and T-shaped, unafraid to shake things up.
In 2013, twelve postgraduates embarked on a new joint Masters course in
London; students from eight different nations, studying together in three capital
cities over two years. This programme is a collaboration between four centres of
academic excellence in UK, USA and Japan; these students soon become its first
graduating cohort, having experienced differing teaching styles, perspectives and
specialisms around design, technology and innovation from four world-class
institutions; immersion in three very different cultures; collaboration with
students and faculty from many diverse disciplines and cultures; forming
friendships and networks spanning the globe.
This paper outlines the rationale and philosophy of the course, the challenges in
its realisation and development so far, and its likely future evolution.
Keywords: Transnational; multidisciplinary; education; design; innovation.
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Introduction
Masters students participating in the Global Innovation Design program are immersed
in diverse experiences: a trans-national journey, a broad range of design learning, and
innovative design projects with international scope. Students spend a semester embedded
at each partner university to live a first-hand experience of the culture and design industry
of each location. Each partner university contributes a unique philosophy and practice of
design. Students experience an integrated design education, working in local, and also
globally-distributed, teams to research and develop design concepts and innovations
informed by local cultural experiences in Japan, UK, and USA.
The joint course described here is now in its second year. Its first cohort is about to
graduate, while its second is completing the international phase of the program. The
course is in a continuing state of review and tuning, to respond to new opportunities and
concerns identified by faculty and students alike. The purpose, structure and content of
the course are outlined here, then some of the findings following the journeys of its
pioneering students, and their implications for the future of the course, and others like it.

Context
Design thinking and multidisciplinary practice
The global shift from a knowledge society to a creative one stimulates demand for
individuals able to identify social needs from international perspectives, and to bring about
innovation in society through extraordinary creativity. The new course discussed here is a
response to this demand, aiming to educate individuals ambitious to make an impact on
the world through life-changing or world-changing innovations, by equipping them with
creativity tools, design and management methods, finely tuned cultural awareness, and a
fearless attitude to challenge the status quo.
The tools and methods of designers have potential to address complex challenges, as
recognized and investigated by those striving to understand the design process (e.g Schön,
1983), then more widely in industry and academia, looking to design thinking (Brown,
2009; Lockwood, 2009; Leavy, 2010, Childs and Fountain 2011, Childs 2013) as an approach
to understand and face complex challenges where analytical approaches have proved
inadequate. Schön argued that design is a thought paradigm in its own right, and Buchanan
(Buchanan, 1992) built on this, introducing the design world to Rittel’s concept of wicked
problems (Rittel, 1972; Rittel & Webber, 1973). There is now widespread acceptance of the
value of designerly methods and tools for innovating in the context of wicked problems,
but most powerfully in the hands of multi-disciplinary teams. Innovation firms are
commonly staffed with such teams (Design Skills Advisory Panel, 2007), and academic
institutions are providing design graduate programs for students from diverse backgrounds
in order to foster multi-disciplinary collaborative skills (Fixson, 2009; d.school, 2015;
Northumbria University, 2015; University of Ulster, 2015; RCA IDE, 2015), arguing that
innovation opportunities are most often to be found at the boundaries of disciplines
(Bailey, 2010; Multi-disciplinary design network, 2010).
Multidisciplinary practice is not to be seen as merely a multifaceted approach to an
individual’s practice but a realization for the need of an understanding of the
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complexity of the design process across a myriad of design platforms and debates.
Designers must not only be innovative in the development of products, systems or
services, but also provide strategic thinking and leadership across a variety of contexts,
in which design operates. (University of Ulster, 2015)

Multicultural, multinational HE courses
The internationalisation of higher education is growing rapidly, and new initiatives are
being tried in many sectors and locations. Transnational mobility of students is already
evident in most academic institutions; students may travel to foreign host universities to
access better teaching, resources and perhaps a higher-value qualification than they might
receive at home, but also for the lived-in experience of immersion in a new culture (e.g.
see Hall et al. 2012). According to the European Students’ Union, such internationalisation
‘is a chance for acquiring intercultural competence and understanding, as well as
democracy values and skills and language competences’ and is essential for a future ‘where
graduates are expected to master skills to work in a multicultural, multilingual and
international environment’ (European Students’ Union, 2013). Such skills are essential for
future designers and innovators wishing to engage with the great challenges of this
century.
It follows that exposure to multiple locations and cultures can offer more of such
opportunities, although with increased complications for both students and faculty, as
discussed later. Multi-centred educational experiences already exist, least surprisingly
when the subject of study is related to the location, as in the social and cultural
anthropology joint masters, Cultural Differences and Transnational Processes (CREOLE,
2013). This course is co-ordinated by Universität Wien with five partner institutions in
Europe ‘for students wishing to specialise in topical areas of anthropology such as
transnationalism, new identities, material culture and visual culture’. It is structured to
permit students to spend two semesters at another partner institution.
Other successful examples of trans-national joint courses are in the MBA sector, such as
the Global Executive MBA (GEMBA, 2015), where students can study in the three hubs in
France, Singapore, and Abu Dhabi, to gain an international and multicultural experience in
a modular format. In design the Global Studio programme (Bohemia & Harman, 2008;
Bohemia, Lauche, & Harman, 2008) connected several design schools in transnational,
multi-institution design challenges via virtual co-location, to explore the complexities of a
globalized design/manufacture process. More recently, there are a number of interesting
experiences available for students such as Aalto University & Tongj University’s Design
Factory (Aalto Design Factory, 2015), a platform aiming to support interdisciplinary and
international co-operation between parties interested in design and development. It is
within this context, of demand for multidisciplinary and multinational practice, that the
new course we present here was conceived.

The new course
Rationale and ethos
The Global Innovation Design masters program resulted from a desire among top-level
design academia in London, Tokyo and New York to come together in a trans-national,
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innovation-led, educational experience, to attract some of the most promising creative
minds from around the world. Aiming to develop skills in applying creative methods to
complex problems framed in real-world constraints, it is the result of several years’
sustained efforts from faculty staff in all three locations. These centers are worldrenowned academic institutions, leaders in creativity and innovation, with complementary
expertise in art, design, engineering, technology, and business. It is a partnership between
institutions that run quality design and innovation courses, with the added advantage of
locations rich in cultural, design and lifestyle qualities. Students gain a unique perspective
by living and studying on three different continents, immersed in three different cultures,
amidst three of the largest economies in the world. Its aim is to educate global innovation
leaders ― creative catalysts for positive change in a globalized society.
Of course, these notions of global innovation and leadership are highly ambitious,
potentially even overwhelming; to be a global innovator or designer in this changing world
entails a complex variety of skills and qualities, and empathic cultural awareness is key.
Global does not mean to suggest one common culture or solution, but to understand and
respect differences. Culture in its social sense, or non-material culture is defined by its
differences, and one’s own cultural norms can make it difficult to work across these
differences (see e.g. Redfield, Linton, & Herskovits, 1936; Hofstede, 1980). A core objective
of the course is to prepare students to enter new situations where they can attune their
manner and behavior to a culture that may be very different from their own. They are
urged to reflect on what this means for them personally, as they encounter other cultures
on the course and in their future careers. Ultimately this is to equip them better for
conceiving and realizing innovative services and products for others, where stakeholders
may come from many other cultures, and also for high-level, meaningful engagements
(including negotiation, influence, and decision making) with people from other nations and
cultures.

Program structure and content
S CHEDULE
Each student is enrolled at one (‘home’) institution on its respective Masters program,
in Tokyo (Keio Media Design, Keio University), London (Royal College of Art & Imperial
College) or New York (Pratt Institute, Brooklyn). After a period depending on location, they
move for a semester with a partner host, then to the next partner the following semester.
The cohorts rotate, rather than swap: students from Tokyo go to London then New York,
London students to New York then Tokyo, while student enrolled in the USA go to Tokyo
then London33. In this way, each center hosts visiting students from both the partner

33

Actually there are many differences between institutions in scheduling and structure, which make
the reality more complicated and challenging. The semesters run at different times of the year, for
different lengths of time. At Pratt the host program lasts three years, at Keio it’s 2.5 years, with
students relocating during their second year; the RCA/Imperial Masters runs only over two years,
their students traveling in their first year, after a 5-week induction in London. The US and Japan
programs are effectively 1-year electives from larger, parent courses, in Industrial Design and Media
Design respectively; the London program is free-standing and leads to a unique double masters
MA/MSc. Student numbers also vary between cohorts, between 8 and 12.
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institutions in succession. During each phase, students are assessed by the local faculty
tutors and transcripts passed back to the home institution. The following year, students
complete their respective programs at their home locations. When they graduate they
receive their certification from this institution only.
S TUDENT PROFILES : MULTIDISCIPLINARY , MULTILINGUAL AND MULTICULTURAL
In keeping with the multidisciplinary ethos of the program, students come to all three
centers from a range of backgrounds, though the mix in each one varies according to its
respective admissions policy, specialism, and student appeal. In London they are
predominantly graduates in design and engineering, but also architecture, business and
marketing an social sciences; Tokyo has a very diverse mix, including computing and digital
technologies, architecture, languages, planetary science, economics, and law; New York
not only attracts students from related fields of architecture and interior design, but also
from fine arts, biology, economics, political science, neuroscience, engineering and music.
In terms of gender, across all cohorts and both years there is a slight predominance of male
to female, 31 males to 26 females having participated so far (54% to 46%).34
Excitingly for the program, many of these candidates are not from the host country, so
there is even greater opportunity for cross-cultural exchange. In the first two years of the
program New York has enrolled students from North and South America, Europe, and
China; Tokyo from Japan but also Hong Kong, mainland China, Saudi Arabia, and Canada;
London-based students are to date the most diverse, coming from UK and six other
European countries, USA, Canada, Brazil, South Korea, Taiwan, mainland China and
Thailand.
L OCAL CURRICULUM
Visiting students follow a syllabus that is a combination of existing modules with local
students and bespoke classes and projects reflecting the themes and objectives of the
program. Each partner center has a distinct design culture. In Japan, students study a fourfold media innovator model, including human-centered design, management and
entrepreneurship, emerging technologies, and public policy to drive projects on the global
stage. In New York, students are exposed to an art and design school environment based
on intensive studio craft, where research, technology, concept, context and design skill are
manifest in applied form-making. At the third center in London, students conduct extensive
explorations of design concepts through rapid ideation and prototyping in a variety of
materials, methods and making processes.
I NTERNATIONAL PROJECT
In addition to courses at their host center, all students participate in the International
Project. This is central to the program mission and draws on the unique benefits of a threelocation partnership. The project reflects the aims of the course in two important ways.
Firstly, its themes are deliberately wide, complex, and globally relevant; students are
expected to incorporate international and cultural issues and insights, especially reflecting
their home and host centers, as well as their home country. Secondly, the project is
34

Participant numbers by gender are: London year 1: 6M, 6F; year 2: 7M, 4F; Tokyo year 1: 6M, 2F;
year 2: 5M, 3F; New York year 1: 2M, 5F; year 2: 5M, 6F.
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intended to foster teamwork across geographical boundaries, having phases in which
students interact across the three centers (akin to a Global Studio project: Bohemia et al.,
2008). Here, again, the students’ own contrasting cultural and national perspectives are
part of the challenge, as well as differences in design approach, knowledge and skill sets,
and language. Added to these are a 14 hour time difference and a variety of capricious
teleworking tools. The faculty members of each host center provide tutorial support
throughout the project, with periodic all-center presentation sessions.

Figure 1

Clockwise from top left: Reverse-Disrupt project, KMD students in London: laptop teardown; International Project, RCA/Imperial students in New York: Students create and sort
inspiration cards – photo records of their local exploration of the new environment;
International Project, Pratt students in Tokyo: presenting to peers and faculty by video
conference; Shared MID/GID studio space, Pratt Institute, New York. (Other images Keio
Media Design, 2013).

The International Project is split into two phases over the academic year, the second
phase taking place at the students’ second host location. This gives students an
opportunity for a new perspective again, as they reconsider the topic in their new
environment, or in some cases explore a new topic entirely. So far, topics include the
Future of Food (with design topics as diverse as urban agriculture, health education, trends
toward eating alone, in-home cultivation, and sustainable food cycles), Urban Mobility, and
Transnational Hospitality. In each case, students are asked to explore local culture in depth
using empathic design methods, in projects that specifically refer to cultural and social
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difference. For example, the Omotenashi project required students in Tokyo to conduct
participatory research by role-playing as local Japanese hosting foreigners, in order to
identify difficulties encountered by foreigners when visiting the country. Although they are
visiting foreigners themselves, this research method gave them valuable insights from a
Japanese host perspective, and different from their own prior experiences, resulting in a
range of original concepts (Figure 2).

Figure 2

International Project Tokyo, Omotenashi: locally situated, culturally-driven innovation
challenge for foreign visitors to 2020 Tokyo Olympics. Left: Hiro by Antton Peña, Da Eun
Lee, Niya Sherif; right: Tokyo Smart Wheel by Setareh Shamdani, Filippo del Carlo, HsinHua Yu, RCA/Imperial. Source: students’ own, 2014.

Student experience
At each phase in the student journey, feedback for the course directors has been
sought through face-to-face conversations with tutors, termly group ‘forum’ discussions,
and through web-based surveys addressing specific elements of the students’ course and
general experience. The students have embraced their role as pioneers of the program,
and provided candid feedback – when things aren’t right they tell us. Expectations of both
parties are high. The student voice is included below through quotes from feedback
questionnaires and interviews carried out in London. Not comprehensive by any means,
they illustrate some of the main concerns and strengths of the experience so far.

A long way from home
For a cohort of around a dozen students, travelling and living together in a vastly
different culture, it might be tempting for them to stay in a clique and within their comfort
zone. This would miss the main opportunity and purpose of the program, and innovation
opportunities can emerge when they are out of their safe, familiar environment and are
forced to see the world differently. On the whole, students have been open to this – they
have been selected with this is mind – although some have had their preconceptions of the
city challenged, have felt isolated, or like tourists in the city, they didn’t quite penetrate its
surface:
[New York is] a fascinating hub of human civilization that I could witness with no more
intimacy than a tourist… into it all I was tossed but it paid me no mind. I’m still an
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outsider, or worse, a toothless cog in the machine, spinning ineffectively as I carved
some wood. (London-based student in New York)
The experience of Japan has been very satisfactory, learning from the huge cultural
differences compared to Europe and the US. This has proven to be utterly insightful,
and provides an advanced perspective on how to innovate, do business and ultimately
sell in different countries with different cultural sets; one-size-fits-everyone definitely
does not apply in global innovation. (London-based student in Tokyo)
I’ve had a great experience in Japan! It was an incredible experience culturally and
professionally… Immersion with most Japanese people was tough but I made very good
friends over there. (London-based student in Tokyo)
The myth of New York being ‘the city to live in’ got destroyed, which is a good thing.
(London-based student in New York)
Living in three very different cities in one year can be exhilarating, but also physically
and mentally exhausting and isolating, with potential for burn-out, self-isolation and
withdrawal. Exchanges between New York and London report a relatively smooth
transition, thanks to fewer cultural barriers and more in common – most obviously
language. However, students visiting Japan (and Japanese students in both other centers)
are more at risk of these negative aspects of the experience. Program leaders in each
location are attuned to the risks, and support their students remotely and locally, or in
some cases with visits to the host country. For London students travelling to Tokyo,
precautions are taken against these risks before and during their visit. Preparatory sessions
before relocation, to acquaint the students with likely points of contrast, include
 Program content – what to expect from the classes in content and style.
 Culture Shock – tips on social and business etiquette, customs and common faux pas,
delivered by faculty tutors who have lived and worked in Japan, and by a visiting
lecturer who is a design and innovation consultant and Japanese national.
 Workshop discussions to explore culture differences, especially between USA, UK,
Japan and the students’ home nations, with reference to e.g. Hofstede’s Cultural
Dimensions (Hofstede, 2001).
 Introductory Japanese language classes.
Support is also offered to the students during their time in Japan:
 Introductory Cultural Immersion, a 2 week field trip to experience Japanese culture
and conduct participant-observer fieldwork in provincial Japan. Students are
accompanied by a London faculty tutor and by one or two Japanese teaching
assistants. The field trip culminates in a joint innovation workshop with local students
and staff from a local university
 Periodic visits during the semester in Tokyo from London faculty for 1:1 pastoral
tutorials.

Embracing diversity
Collaboration across disciplines and cultures is a key element of the program ethos,
including dealing with conflicts. From conflicts students practice negotiation, and learn to
respect and build upon others’ ideas and opinions – essential skills for leaders. Students
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have responded in different ways to their situation: some felt like outsiders in the studio,
just ‘passing through’; others found great reward in working with local students, sharing
skills as well as connecting with other cultures:
There was very good integration with [local] Masters students, I learned a lot from
them about how Americans think about design. (London-based student in New York)
I’m from New York… when you come to Europe there are people from different
countries and different parts of each country, and there’s this huge explosion of
diversity. (London-based student)
[Generally, I] do not like group projects. I find them to usually be a compromise.
Everyone's individual idea is whittled down to a likeable form by all, which is usually
quite mediocre… [Working with local students has] completely shifted my perspective
of team work and I am extremely happy with the output and the process. There were
some obviously difficult moments, but as a team I feel we have done well. (New Yorkbased student in London.)

Being global
At certain points, students are required to interact between all three centers. Working
as a team across oceans, cultures, languages and time differences is difficult. While
challenge is good, tackling major global issues is daunting enough on its own without the
complications of remote team collaboration. During the first semester of the program, the
organisers realised that some of these inherent difficulties were interfering with other
learning objectives, and student feedback was frank – it wasn’t working. At the same time,
there was recognition of just how multinational and multicultural the program is, simply by
virtue of the students’ relocation and their own diversity, coupled with the nature of the
cities themselves. Reflecting on this later in the year, former senior faculty member [name
omitted] summed it up perfectly:
With the diversity of students at all three schools and the international character of
three great world cities, arguably local experiences automatically take on a global
dimension. The local resources and points of view of professors… are also inherently
global, and as such, intense local research and local designing, shared with colleagues in
the other cities, would have been an excellent and perhaps more productive alternative
than straight conventional teamwork… Evidently, the essential difficulty experienced by
each team was the problem of compromising on a project and how to execute it; this
ended up as a fairly common interpretation of teamwork that tended to thwart
discovery.
Clearly, more creative attention ought to be paid to what constitutes global and local,
and to how the signature character of each school and its mentors manifests in much
more innovative projects. Attacking gigantic global themes head-on is probably not the
best approach; meaningful local projects with internationally diverse teams and
independent but related contributions may be much better pedagogically. (Keio Media
Design, 2013)
Indeed this shift of emphasis was agreed, and the format of the International Project
was adapted to have less cross-cohort collaboration, and focus on meaningful locally1263
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situated projects with diversity built in: in the teams, the subject matter and cosmopolitan
setting of the city.

Faculty specialisms, learning styles and resources
Each school has their special little bit of expertise, and we get to steal all of those and
come back here to London, and coalesce it into big projects in our second year.
(London-based student)
The three participating centers have their own distinct academic specialisms, varying
approaches to teaching and learning, and different technical and material resource
availability. While it was jointly intended from the outset to celebrate cultural exchange
and diverse ideas about design, the complexity of three different cultures of education is a
challenge, both for students and faculty. Students often expressed frustration when
expectations based on their home institutions were not met elsewhere. Some aspects that
might seem trivial to staff, especially compared the major task of co-ordinating the
program, assume great importance to the students: for example, which materials are
provided free of charge, workshop access (opening times, training required, availability of
technician), accommodation provision, and even the price of a lunchtime sandwich.
Faculty in all centers have to mediate between visitors and the institution’s own
culture, and also to accommodate differing attitudes e.g. to peer feedback and critique, or
to authority and structure (versus freedom). The program in New York follows a traditional
model of studio and support classes every week. Visiting students from London expected
more autonomy and less contact time with their tutors. Underestimating their workload,
several struggled initially with time management. Expectations of New York students in
London were, unsurprisingly, the reverse, and they expressed sometimes feeling neglected
by tutors. Differences in design philosophy were also recognized – another key objective of
the program, but not easy for all to accept.
I have a lot of gripes, but I have also a lot of experiences that would be impossible
anywhere else. I am not crazy about London, but I love the program. And getting a
sense of how things are done here and the extent to which design is grounded in
reality… is both refreshing and a bar-raising insight. With all of the mess and confusion,
I don't think I would have it any other way. (New York-based student in London)
[Tokyo] has this amazing focus on what we wouldn’t be able to learn at [home], like the
multi-sensory function and programming. It’s really nice that our professors are
pioneers in this technology. (London based student in Tokyo)

Conclusion
As a new course, it is recognised that it must adapt and respond to iron out initial
problems, and it is in a continuing state of review. All centers have responded to feedback
from visiting students in order to improve their living and learning experiences in many
ways, some of which have been shared here. However, addressing feedback and ensuring
dialogue and action to tackle issues effectively is not straightforward. The constant update
of programme structure, content and project topics makes it a moving target for the
international team. While the partnerships strengthen between institutions, and cohorts
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might increase in number, the longer-term future vision for the program may also include
additional locations. There is so much to learn from other great universities, cities and
cultures.
Participating students have shown patience, resilience and a great collective pride in
pioneering this new program. They have bonded with a sense of identity and esprit de
corps that makes them ambitious, demanding, and a pleasure to work with.
Now that it has run for nearly two years, there is a strongly held belief among its staff
that the hopes in the original vision for this program have been borne out. We remain
committed to its continuation and improvement, while we look forward to seeing the
trajectories of its alumni, wherever they might lead.
Acknowledgements: The authors are grateful for the trust and hard work of
support staff in all locations and institutions, advisors, past faculty, and the
pioneering students of this programme.
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Abstract: Shenzhen is one of the earliest cities setting industrial design courses. But
compared with the strong demand for industrial design, training scale of Shenzhen
industrial design education can’t keep up with the pace of the industry growth rate;
training mode can’t meet the practical needs of modern industrial development; by
the impact of other universities local education is being increasingly marginalized.
Shenzhen industrial design education is facing the opportunities and challenges from
the current adjustment to industrial restructure and upgrading of the city's economic
structure, development of cultural and creative industries ,brand construction for
City of Design, internationalization of education, and design integration. The local
design education has no choice but to start from its own reform. They have to grasp
the opportunity to integrate a favourable external environmental resource, expand
the size of school, adjust the teaching content and methods, enhance teaching
management, establish the advanced experimental platform, and carry out a wide
range of domestic and foreign exchange of teachers and students, which will
establish the Shenzhen educational characteristics of local industrial design. Only
when all these things are done, could the local education interact with the title of
‘City of Design’.
Keywords: Industrial Design Education City of Design
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Introduction
After 30 years of reform and opening up of China, Shenzhen’s economic miracle now
attracts attention from the whole world. However with the tight market relationship between
supply and demand, and increased costs in production, the traditional development model has
many difficulties in providing sufficient power for sustainable development in Shenzhen.
Industrial restructuring and upgrading are imminent. Industrial design with an important
feature of innovation, throughout many aspects of the manufacturing sector, is the main
motivation to promote industrial and technological progress and industrial upgrading.
Shenzhen has been fully aware of the important role of industrial design to drive
manufacturing transformation and upgrading, and has introduced various measures to
promote the development of industrial design. At present, Shenzhen has gathered nearly 70
percent of the industrial design firms in China, and has the leading position of developing
industrial design in the country. However, compared with other ‘Cities of Design’, Shenzhen’s
industrial design education in terms of quality and size are obviously still quite weak. Shenzhen
is one of the earliest cities setting industrial design courses. In 1987 Shenzhen University had
set industrial design courses, as a pioneer in the country. Shenzhen has formed a multilevel
training system of industrial design including vocational education, undergraduate education
and postgraduate education. Since the 1980s, Shenzhen local education has trained nearly
three thousand industrial design graduates. However, compared with the huge demand for
manufacturing in Shenzhen and the Pearl River Delta, the size of Shenzhen industrial design
education is severely inadequate to provide support for increased industrial development.
Design Education carries the responsibility for providing human and intellectual resources to
the industry, and is also an important part of promoting industrial restructuring. In the future
Shenzhen industrial design education needs to expand more.

Literature Review
Currently, there are some scholars who have pointed out that the status of China's
industrial design education is insufficient for China's rapid economic development. Facing
economic globalization and increasingly competitive situation both from the international and
domestic market, domestic industry strongly called for the change from ‘Made in China’ to
‘Created in China’. The high standard education and industrial design has been a major
turnaround and faced greater challenges. Therefore, our education regarding industrial design
must address the problems which currently exist, seize this opportunity to raise the standard
of training in industrial design, in order to adapt to the needs of the market. This is the
important issue that the current industrial design education needs to seriously consider and
resolve.(Xiaoyou He, 2008, pp196) Faced with the current plight of industrial design education,
Yanqing Xiao & Wu Zhan showed for historical reasons the gap between education and
industry was because of the particularity of China's industrialization process and imports of
industrial design education . Guangdong industrial design education is not keeping pace with
the industrialization process. The rapid development of the industrial economy, including
manufacturing technology, processing and business management as well as primary
accumulation of capital, are based on the ‘holistic introduction’ and the ‘Three-plus-one’
trading-mix model. Companies have been developing rapidly, but have not connected this to
the development of industrial design education. Industrial design education itself lacks the
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history of moving forward. Strictly speaking, industrial design has been imported from other
countries, and accompanied by the development of reform and opening up of China, has
basically been copying the Western model of education to form our own system. The lack of
local culture in training objectives and the professional curriculum has lead to a failure in the
professional education system connecting with Guangdong industrial system.( Yanqing Xiao &
Wu Zhan,2011,pp58) Design education should meet the needs of the local economic
development, in order to establish their own educational characteristics.
On the other side, several authors have also recently emphasized the connection of the
development of design education with competitive aspects of local economy. (Qiuhui Wang,
2012; Seppo Laakso & Eeva Kostiainen, 2008; Justin O’Connor, Lie Liu, 2014; IvanDeNoni,
LuigiOrsi, LucaZanderighi, 2014). Development of industrial design education not only
promotes local industry scale and specialization, but also enhances the capability of
independent innovation. It is an important indispensable force to promote the overall
development of the regional economy.（Qiuhui Wang,2012,pp467）Seppo Laakso & Eeva
Kostiainen pointed out :’An active and dynamic design that is grouped together with other
innovative industries is an important resource to increase the attractiveness and growth
potential of a city or a region.’ Through an overview of the development of design education in
Singapore, Peer M. cited the transformation of design education in Singapore is closely related
to its economic expansion.（Peer M. SATHIKH, 2013, pp 657）
Design education can lead to other industrial restructuring; enhance local economic vitality
and the growth of talent. Educational services and formal and informal professional training
can bring creative businesses and local communities together (Justin O’Connor, Lie Liu, 2014,
pp 137). The key drivers of the city’s strong image are its quality of culture and education.
Institutions of educational design often form an important role of in the design industry and
the most active and creative centre. In this sense, Comunian and Faggian (2011) found that
the city of London, which has the largest share of creative industries and creative class in the
UK, also has the largest number of universities and courses in creative disciplines. The role of
universities is critical for several reasons. Firstly, they are crucial for involving and training
potential talented people. Secondly, universities are able to support business innovation and
to foster entrepreneurship. Thirdly, academic social capital and university brands can
contribute to the city’s international reputation. (IvanDeNoni, LuigiOrsi, LucaZanderighi, 2014,
pp 223).The University of Art and Design Helsinki is an important link to design firms and
individual designers. It provides training courses, post-graduate studying opportunities, parttime teaching posts and contacts to the staff and students who are potential future workers in
design firms (Seppo Laakso & Eeva Kostiainen, 2009, pp227). Daniel Sanchez-Serra noted both
practical skills and formal education is important for a better supply of talented workforce to
satisfy the needs of creative industries. Especially to France, higher education institutions
should do more research in providing creative discipline courses on creative clusters. (Daniel
Sanchez-Serra, 2014, pp 421) When it comes to New York, David Giles (2012) reported that the
city’s design schools are not only providing the talent pipeline for New York’s creative
industries—they have become critical catalysts for innovation, entrepreneurship and
economic growth. But he also seriously realized the ‘innovation economy’ initiatives advanced
by city and state officials have largely overlooked design universities.
The above described the different aspects of design education in close contact with the
local economy. Shenzhen is the frontier city of China's reform and opening up to the world,
and the first named ‘City of Design’ in China. The development of its design education has a
1269

FANGLIANG WANG & XIAOBAO YU

unique and important research value. The following will examine outstanding issues in
Shenzhen’s industrial design education, and analyze its challenges and opportunities. Finally, it
will explore the feasibility of coping strategies towards a new path of industrial design
education and local economic development by way of integration.

Outstanding issues in Shenzhen Industrial Design
Education
1. Training scale can’t keep up with pace of industrial development
As the first ‘City of Design’ in China, Shenzhen’s School of Design has a fairly low position
among the globally Cities of Design. Shenzhen only has three industrial design-related
departments, which are in Shenzhen University, Shenzhen Polytechnic, Shenzhen Institute of
Information Technology, all included in the comprehensive universities. And Berlin has four
independent design colleges, as well as nine fashion design schools. Even compared to the
‘City of Design’ Shanghai, Shenzhen's industrial design education is less not only in size but
also in strength. Although Shenzhen gathered the largest number of employees in industrial
design, the Shenzhen practitioners are mainly imported and ready to be relocated at any time.
The Creative Director Zhifeng Feng of Shenzhen Rontu Design Ltd. felt deeply on this point. He
sharply pointed out:’ In earlier years, graduates from many domestic famous universities will
come to Shenzhen, but with the development of industrial design in the other cities, less and
less talents will choose to fly south. At present, many companies in Shenzhen are feeling the
pinch. But the industrial design graduates from local universities add up to no more than
hundreds of people every year. We can say that training scale of industrial design talent is
extremely inconsistent with the development needs of Shenzhen industrial design, and has
serious gap to the strong demand of the Pearl River Delta manufacturing base.
2. Training Mode out touch with industrial development needs,
With advances in modern science and technology, the design industry is combining with
other industries increasingly closely. The content, form, and means of design is increasingly
changing. Designers not only need to deal with the relationship between hardware and
human, but also software and human. Design form is not limited only to the material, but also
in the direction of none material things. Innovation from integration of technology and culture
dominate the modern design trends. Advances in information and communication technology,
computer-aided design technology and 3D printing technology create unlimited possibilities
for the development of modern industrial design. We can say that new technology and new
problems are emerging constantly in the field of industrial design, the traditional training
model has been behind the need for new development requirements. Professor Huiming Tong
from Guangzhou Academy of Fine Arts noted:’ In the whole design education, nearly all the
universities pay too much attention to the shape. Students spend 80% or even more time in
the form of design. This situation must be changed.’ Mr. Liu from Tsinghua University also
emphasized this: ‘It is worth of thinking what kind of the worker those design education
system should be providing for the community. Steelmaking by indigenous methods produced
only useless slag and wasted valuable resources.’ Shenzhen is the frontier city in China's
technological innovation. Shenzhen should take the first step in the reform of industrial design
education, break the inherent training mode, and play a role in promoting the industry with
education, be a good example to other universities.
3. Local industrial design education is in the danger of being marginalized
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Despite the fact that Shenzhen’s industrial design education started earlier, its overall size
is small, with low educational levels, limited social influence, and is increasingly marginalized
in the competition with mainland famous institutions and universities in Hong Kong. Adjacent
to Hong Kong and Macao's geographical advantage makes Shenzhen design industry
accustomed to follow Hong Kong and Macao. To some extent, this gives Hong Kong design
education a strong voice in Shenzhen’s design industry. Because of the strong reputation of
other universities, Shenzhen’s high-tech companies tend to choose Hong Kong universities
instead of the Shenzhen’s universities as a research cooperation partner. Shenzhen’s industrial
design education has thus lost development opportunities to combine with the local industry
closely.

Challenges and opportunities faced by Shenzhen
Industrial Design Education System
1. E CONOMIC RESTRUCTURING AND INDUSTRIAL RESTRUCTURING
As the frontier city in reform and opening up of China, Shenzhen has set out to change the
economic growth pattern, and realize the transformation from ‘Made in China’ to ‘Created in
China’. Innovation is the key to change the past extensive economic growth model, eliminate
backward production methods, and gradually shift to high-end chain production. While
connecting with demands and technology, design is the conversion booster transforming
science and technology innovation to give economic value. How local education in design
responds to this change is an important issue worthy of further exploration.
2. D EVELOPMENT OF CULTURAL AND CREATIVE INDUSTRIES
Cultural and creative industry has been designated as an important means to the future
development of Shenzhen. With the development of cultural and creative industries, design
industry will eventually realize its glory. Cultural and creative industry realizes its value
eventually on design. It will be about the future of the entire design education as to how the
industrial design education will change and will adjust to conform to the development of
cultural and creative industries.
3. ‘C ITY OF D ESIGN ’ TITLE
In 2008, UNESCO formally awarded the ‘City of Design’ to Shenzhen. This title will
undoubtedly enhance the appeal and cohesion of Shenzhen to new creative talents, and
provide new space for the design industry development and marketing in the international
area, and at the same time push the design industry into more intense international markets.
It is worthy of further exploration as to how design education responds to this change and
participates more fully.
4. D ESIGN INTEGRATION AND INTERNATIONALIZATION
It is increasingly apparent that the design trend is towards integration and
internationalization. Education will be an important factor in improving the local design level.
Design education should follow the example of Hong Kong and Macao, to adapt to the
development situation, and thereby make a difference. These will determine the status and
image of local design education in the future for a long period of time.
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Suggestion of Shenzhen Industrial Design Education
1. F OUND N EW S CHOOL OF I NDUSTRIAL D ESIGN , R ESEARCH I NSTITUTE , TO EXPAND THE
TRAINING SCALE

In the period of ‘the 12th Five-Year plan’, to adapt to the needs of major economic and
social development, Shenzhen needs to attract foreign high-level universities and colleges,
research institutions, well-known companies to establish jointly 10 new schools with a higher
starting point in cultural and creative industry, biotechnology, internet, new energy, new
materials, new generation of information technology etc. Currently colleges associated with
art and design have been already established, such as Shenzhen University (Yantian) industrial
design College, Shenzhen University Jinzhong music College, Shenzhen University Repin
Academy of Fine Arts, Shenzhen University Fashion Design College, Shenzhen innovative
design Institute. Shenzhen University (Yantian) industrial design College is the first one directly
facing these industrial needs, founded by Shenzhen University, Shenzhen Yantian District
government and foreign universities. Industrial Design College based on the needs of local
industry has developed a reasonable plan for personnel training, the building of a first-class
Laboratory, to attract world-class designers to undertake these design project for students to
participate in and to improve the practice of industrial design knowledge and skills. To some
extent, it will ease the pressure on the industry demand for talents. Shenzhen Innovation and
Design Institute is co-sponsored by Shenzhen Institute of Advanced Technology in the Chinese
Academy of Sciences, and Shenzhen City Industrial Design Association. It will greatly enhance
the independent innovation capability of traditional manufacturing, the level of design
companies in Shenzhen and ability for industrial restructuring, to push new industries to highend international development. It has achieved new innovation and mechanism. Shenzhen will
accelerate the transformation and upgrading needed to demonstrate a new path, boosting the
economy to create an upgraded version of Shenzhen Special Economic Zone.
2. C OMBINING THE CHARACTERISTICS OF LOCAL INDUSTRY TO ADJUST THE TEACHING CONTENT ,
THEREBY STRENGTHENING TEACHING MANAGEMENT

High technology and cultural creativity are the two pillars of industries in Shenzhen.
Services of design promote the integration and innovation between technology and culture.
The content of Shenzhen design education needs to follow this trend and make the
appropriate adjustments. Firstly teachers should come from multi- disciplinary backgrounds,
including machinery, electronics, materials, and art. Interdisciplinary background in teaching
provides support for multi-technology product innovation. Students should not only have a
basic knowledge of multiple disciplines, but also have learned good teamwork. Secondly,
according to the tradition of the Shenzhen special industries such as jewelry, electronics,
medical devices, we should set up the appropriate research courses to guide students to
explore the characteristics of industrial innovation in Shenzhen. Experts form targeted
companies are hired to guide students’ practical creativities, and link teaching practice with
the latest development of dynamics in industry. Thirdly, strengthen the teaching of design
management, improve their project management skills, team organization and project
execution capability. Finally, in order to strengthen the management of design education,
design education itself must have its own targets and processes for management. And
formulate a detailed teaching manual for management, so that students know each step of
these teaching objectives clearly, scoring criteria for each job, implement a dual tutor scoring
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system (i.e. From both industry and education), to reduce subjective factors in the process of
their score that promote learning exchanges among teachers and students.
3. K EEP UP WITH TECHNOLOGICAL TRENDS , UPGRADE LABORATORY FACILITIES
Design is a strong practical discipline. A lot of the research results are achieved in the lab.
Good test equipment can smoothly convert drawings into the real product. For example, at
Brunel University in the UK, which has a good workshop and wind tunnel test laboratories,
graduate students in their final year spend most of their time in the laboratory testing their
products. Brunel University graduate Samuel Harris said he took only six months to design and
manufacture a set of emergency escape devices, with the benefit of 3D printing equipment
and machinery provided by the school. With the help of a 3D printer, he chose to print 20
product models, and the performance of testing products was very easy because the
prototype of that product is the direct result of the school's machine tool equipment and
processing in the laboratory. Schools should not only provide good test equipment for the
students, but also strengthen laboratory management with skilled laboratory assistants. In
Winchester School of Art the experimental equipment is marked with different colors to
differentiate levels of use. This clearly shows the students which can be used freely and which
must be used under the guidance of teachers. It makes laboratory management simple and
clear. Each lab is equipped with a professional instructor. Students who encounter any
problems during test operations can consult teachers, who make the test procedure safe and
effective.
4. E STABLISH COOPERATION LINKS WITH INTERNATIONAL UNIVERSITIES ; CARRY OUT IN - DEPTH
EXCHANGES FOR STUDENTS AND TEACHERS

The quality and ability of teachers is the key aspect of design education development.
Through research at the Chinese design school, Hong Kong Polytechnic University professor
Cees de Bont pointed out sharply the lack of professional standards in teachers is the most
important issue of ordinary Chinese design schools to be addressed.’ Many teachers in Chinese
design schools only have their own limited capabilities, but few teachers have a
comprehensive understanding of design. They have not received a complete training in design,
nor participated in relevant design practice. At the same time, most of the design teachers
can’t read English. It is difficult to get a lot of design-related information through reading
academic journals to update their knowledge. There is a considerable effect on the quality of
design education because of the lack of such access.’ Shenzhen University is aware of this
problem, and has actively introduced high-quality educational resources to improve the
teaching level. It has established extensive cooperation links with Birmingham City University,
UK, Technical University of Munich, Germany and so on. Schools should be introducing further
policies to encourage teachers to participate in international conferences, seminars and
related advanced vocational training, and effectively improve teachers' professional
knowledge and skills. It will depend on the geographical situation to establish extensive
cooperative links with the Hong Kong design industry, including hiring experts to give
advanced lectures and sharing resources of design knowledge with the Hong Kong Design
Centre.
5. E XPAND DOMESTIC AND INTERNATIONAL STATUS , AND BUILD OWN BRAND OF DESIGN
EDUCATION
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With the increase of globalization, the building of design education brand can’t be ignored.
Shenzhen industrial design education should grasp the opportunities to establish a ‘City of
Design’ brand, strengthen cooperation links with government departments and enterprises,
and enter the ranks of the world's top design educational institutions. Firstly, Shenzhen has a
good foundation for the development of industrial design education. Shenzhen design schools
should carry out school-enterprise cooperation projects more intensely; build up brand
characteristics of design education in jewellery, electronics and other product categories.
Government institutions should assist design schools to participate in world-renowned design
exhibitions to expand the international influence of the local brand of design education.
Government should make further efforts to attract international talents to study and work in
Shenzhen. In turn, it will enhance the city's own brand in respect of attractiveness and
competitiveness. Secondly, the Shenzhen design institutions should establish broad
cooperation ties with internationally renowned design schools, organize teachers and students
from both sides to participate in the same design projects, communicate and work more
closely in new design ideas, methods, and management, and gradually promote local design
education to international standards. Finally, it is important to strengthen the theoretical
study in local design education, establish local design education journals, communicate design
knowledge, share design results, and enhance the profile of local design education.

Conclusion
Facing transition and adjustment of urban industrial structure, Shenzhen local design
education should only start from their own renew, grasp the opportunity to integrate with a
favourable resources outside Shenzhen, expand the size of school, adjust the teaching content
and methods, enhance teaching management, and establish advanced experimental platforms
to carry out a wide range of domestic and foreign exchanges. It is necessary for Shenzhen to
establish its own brand for industrial design education, in order to form a positive interaction
with the ‘City of Design’ brand.
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Abstract: Since the 1990's, a fashionable term has been very constant when it comes
to teaching art and design: creativity. However, what do we mean when we use the
word 'creative' combined with other terms like industries, economy, enterprise,
sector? This paper is about mapping the encounter between the economical point of
view around creativity and education in design and art fields in higher education. At
this moment, the research process is being designed by a bibliographical research
that has been the bottom line of the investigation process. The analysis in course has
already leaded to this question: what is the impact of the 'creative industries'
concept in undergraduate schools in Art and Design fields? Amongst many different
positions, for now, it is possible to identify two general tendencies: a great
enthusiasm and a nagging suspicion. The outcome of this paper is the dialogue
between different comprehensions about the attempts made to combine the
discourses over the term creativity, its uses and contexts, the roles of education and
the struggle brought by the contemporary economic interests.
Keywords: creativity; art /design education; neoliberal policies

Opening words
A fashionable term related with the business world has circulated through papers,
magazines, journals and academic discussions within the last fifteen years: creativity.
Associations between the adjective creative are also becoming increasingly common; for
instance, creative economy, industries, sector, enterprises, activities, class, skills, etc... This is
no surprise, after all a major feature of neoliberalism is the possibility of profit, including
abstract concepts like creativity itself. Neoliberalism, as used in this paper is in the first
instance a theory of political economic practices that proposes that human well-being can best
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be advanced by liberating individual entrepreneurial freedoms and skills within an institutional
framework characterized by strong private property rights, free markets and free trade.
(Harvey 2005, p.2).
Economy and profit, in this scenario, goes beyond the immediate money idea and
dialogues with a notion of productivity which is fairly familiar: contemporary artwork, design
production, the proliferation of images and the impression of a global village. The familiarity
with such productions/products becomes disturbing when they are brought to the educational
scenario in the beginning of the twenty-first century. What is the meaning of the enthusiastic
presence of the creative industries concept on the academic environment, as well as the
easiness of its acceptance? This paper is about mapping the encounter between the
economical point of view around creativity and education in design and art fields in higher
education.
This paper is part of my dissertation research at Aalto University, School of Arts, Design and
Architecture, in Helsinki, Finland. Based on my primary site of investigation and instigation for
the research, the Brazilian context, it is necessary to begin with a panoramic view of the high
education system in Brazil and its major references. Along with this contextualization, ideas
concerning creative economy and creative industries are briefly reviewed. This leads to a
predominance of the use of 'creative industries' at the expense of 'creative economy' that
results from the utilization of this terminology by Brazilian institutions, placing the academic
work as part of the industry which, in turn, belongs to the notion of economy (Brasília, 2011).
Borrowing Art Education reflections made by Chan (2013), Zimmerman (2013), Freedman
(1989) and jagodzinski (2010), the flexibility of the use of the term creativity reinforces the risk
of turning it into an empty word, which would serve permanently as a buzzword. The
perspective from business books are far more exciting. In one direction, with an approach
based on economical practices, Caves (2000) explains the connections between the 'creative
industries' goods with economic interests based on the last century and illustrates the
complexities of the world of art, design and entertainment. In another direction, Florida (2002,
2012) and Pink (2005) claim the emergence of a new era, Creative Age and Conceptual Age,
respectively.
The enthusiasm regarding this new era, the way in which entrepreneurs have been calling
the creativity emergence, is the cause of the concerns around the educational institutions and
their social role. So far, in Brazil, only the feverish side of the expected economic boost arising
from the creative euphoria has been registered and published in great amounts. It is not too
late to analyse the other side of this fairy tale.
Where economics and education meet the need for being creative
In line with the Brazilian philosopher and educator Dermeval Saviani (2005), the current
proposals on the expansion of higher education coincides with a productive conception of
education. From the second half of the twenty-one century, the educational space takes on a
different dimension, enhancing the formation of consumers for increased production of
goods. Saviani reveals that the origins of this educational approach are on US production from
1950 with Theodore William Schultz's Theory of Human Capital, which highlights the issue of
the economic value of education. In order 'to understand what is happening in higher
education today, one needs to consider the ‘money-based world’ view promoted by
international financial institutions such as the International Monetary Fund and the World
Bank' (Clegg, 2008, p. 221).
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From this brief clarification, the factors to define a quality education are replaced for
international and globalized parameters. Then, the Brazilian university follows towards
climbing the rankings that measure the quality of these institutions through indices such as
academic productivity, titles, publications, student exchanges, infrastructure and equipment.
Thus, it became an increasingly and intense concern to align the numbers produced by
Brazilian public education systems with institutions in countries like USA, England, France and
Canada – which have been the role models for Brazilian educational development.
Over the past decade, the landscape of Brazilian federal universities has changed
dramatically and there are two slogans: expansion and internationalization. If, on the one
hand, in commercial terms, Brazil's strength still depends on an agro-export model and a
possible future in the fuel market, on the other hand, in a blistering climb to development, the
Brazilian economy is faced with a reality that aims to change. Since 2012, the implementation
of the Department of Creative Economy, under the Ministry of Culture of the Federal
Government agency, is the framework in which the creative industries discourses have been
emphasized. According to the Policies, guidelines and actions – from 2011 to 2014 (published
by the secretariat above) the role of educators is linked to 'training for the development of
creative skills' (p. 36). In the same document, the gap between artists and other professionals
in the creative chain is stated. While the first case is about lacking the knowledge of a market
structure (or the will to be part of it), the second case is about the absence is about
management to deal with the derivatives of creativity. Once the conflict is found and
understood as a problem, the stage for the performance between economics interests and
education is set.
Although the creative industries concept is not new, in Brazil it can be said that academic
debates on the subject are relatively recent. Historically, during the first 60 years of the
twentieth century, there was a positive outlook of cultural and artistic production, as well as
what is now called creative industries. However, like much of Latin America, nearly two
decades of dictatorship not only slowed down the cultural production, but the interests of
those who had seized the power were very far from a critical and stimulating educational
policy. In basic and elementary schools, in general, art education exercised the function of
training the hands of workers to operate machinery and execute projects made by an elite not
interested in a critical, questioning, as well as creative, population.
Since Brazil is a country of great geographical dimensions, it is natural that the regions have
different economical foci and social demands. The same goes for the cultural and artistic
fields. The Southeast states of São Paulo, Rio de Janeiro and Minas Gerais concentrates a great
part of whatever is released by the media as the economic, cultural and artistic riches of the
country. Until the 1960s, the development of a favourable environment to art, design, film
making, music and architecture was possible and some of the names, like Waldemar Cordeiro,
Alexandre Wolner, Paulo Mendes da Rocha, Glauber Rocha, Luiz Gonzaga, Lina Bo Bardi and
Oscar Niemeyer, reinforce this affirmation. There were initiatives to create networks of
communication, information, cultural and artistic production in parallel with the
encouragement of Local Production Arrangements (LPA) for the strengthening of regional
identities. The big dream was to forge a strong Brazilian national identity, in Mario de
Andrade's conceptions discussed by Alfredo Bosi's work (1995).
In educational terms, the advanced ideas of educators such as Paulo Freire (1959) and
Anísio Teixeira (1956) were replaced by two types of schools: one for the mass and another for
the elite. The privileged ones that were able to go to school received a technical education
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focused on the labor market. The elite was educated to remain elite, and the museums and art
spaces were their strongholds. As a consequence, objects tied to the creative industry were
considered 'rich people thing'. In fact, in Brazilian lands this is still a very common thought
until today.
The period that involved the 1980s and most of the 1990s was dedicated to what we know
as re-democratization of the country and, economically, Brazil aligned itself with neoliberal
economic policies, in David Harvey’s (2005) understanding of it as closer to a method then to
an ideology. It took a new direction for education, and in 1996 was enacted the new Law nº.
9.394 from December 20th 1996 (Brasil), also known as the Law of Guidelines and Bases for
Education. For art teaching the novelty was that it became a 'mandatory curriculum
component at various levels of basic education in order to promote cultural development of
pupils' (Brasil, 1996). The problem is that cultural development is a term somewhat diffuse.
The concern is that the comprehension of the educational policies in light of this trend comes
closer to a technical training which only aim is to indoctrinate workers. Henry Giroux (2003)
claim 'that what was once part of the hidden curriculum of higher education – the creeping
vocationalization and subordination of learning to the dictates of the market – has become an
open, and defining, principle of education at all levels of learning' (p. 185).
The distance is huge between the conceptions and ideas disseminated by common sense
concerning activities related to creativity and what is part of the curricula in Brazil. There have
been many villains to blame for that distance: failures in the educational system, poor quality
of materials available to work with art, the gap between the school and the current reality, the
commodification of culture process and the industrialization of symbolic (Canclini, 2003).
Searching for definitions and finding so many difficulties about a possible common place from
where discussions could have a more solid ground is a disquieting process. For that, going back
to education is required.
Janet Chan (2013) and Enid Zimmerman (2013) agree that there is no 'precise definition of
the phenomenon' (Chan, p. 23), which has a long search for definitions in many fields –
sociological, anthropological, psychological and historical (Zimmerman, 2013). The risk about
multiple possible meanings of a term is that the connotation maybe suitable for varied
agendas. And that was the initial motivation for this research.

Great enthusiasm and nagging suspicion
The interfaces between the economic dimension and culture as a theme has become a
privileged object of attention in educational matters. The contemporary scene involves issues
like the socio-technological convergence, the ubiquitous and complex chains of culture
production in addition to a growing interrelationship between culture, entertainment and
tourism. Therefore, in the midst of all of it, discussions punctuating the cultural markets, it’s
public, marketing strategies and cultural industries are coming with some delay, but still an
appropriate moment.
Paulo Miguez (2007) explains in a very clear manner that, in this arena, two powerful
contemporary expressions – ‘creative industries’ and ‘creative economy’ – emerge from the
link between culture and economy. The attempt to capture the production paradigm of
contemporary society increases the debate and the amount of expressions around what has
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been called the Third Industrial Revolution35. Since the precise classification of a field of
knowledge still in early development is not yet possible, it would be fair to say that creative
industries and creative economy are a pre-paradigmatic phenomena.
The creative industries label was forged in the middle of the 1990's between the walls of
government offices. Even though there are publications like Florida's (2002), Cave's (2000) and
Howkins' (2001), that indicate practically simultaneous academic research publishing, the first
documents in which the early systematizations came from Australia and the United Kingdom
(U.K.). The common concern, according to Miguez (2007), was to reclassify the State's role in
the cultural development of both countries. What is surprising, and it may look like a
conspiracy theory, is that the initiative of the specific ‘creative industries’ movement comes
from the top down. Looking back at art and design history, the uncountable cultural shifts
happened through the opposite path, it was much more about breaking the frames then trying
to fit one.
The enthusiasm of those involved in higher education in design and art fields around the
creative industries concept is understandable. Ways of working, being and researching that
were, for so long, considered eccentric and marginal are now sought as quite desired by
professionals from various fields. Having mainly Richard Florida (2002) and Daniel Pink (2005)
as gurus, one can easily get the impression, expressively in Brazil, that what the labour market
wants and needs from now on coincides with the idealization of some kind of great character,
like Leonardo da Vinci's figure, for whom everything seemed possible and has been explored
from entertainment, stereotypes, cultural classifications and even by self-help authors, like
Michael J. Gelb (2000).
In 2012, Richard Florida published a revisited edition of The Rise of the Creative Class, a
best-seller from 2002 known for defending the existence of a quite diverse creative class. The
main point in common amid the ones who would or could belong to this class is the use of
creativity as a driver of its activity – the concept is broad and encompasses musicians, artists,
designers, teachers, scientists, financial agents, managers or lawyers. What is most important
in order to belong to such a class is not what one does for living, but values like: individuality,
meritocracy, diversity and openness. This point of view reinforces that a lot of ´highly creative
people, regardless of their ethnic background or sexual orientation, grew up feeling like
outsiders, like they were different in some way from most of their schoolmates´ (p. 58), just
like the stereotypes around the remarkable great geniuses who are the protagonists of many
historical accounts and a lot of biograph-based narratives available within popular culture, in
which the artist 'creates itself from the articulation animal/crazy/artist in opposition to
human/normal/ rational' (D'angelo, 2006, p. 243).
Applauding creativity with a more targeted approach to the development of creative skills,
Daniel Pink (2005) speaks more directly to the creative individual. What Florida (2002) calls
Creative Age, Pink (2005) denominates Conceptual Age, affirming that
the keys to the kingdom are changing hands. The future belongs to a very different kind of
person with a very different kind of mind – creators, empathizers, pattern recognizers, and
meaning makers. These people – artists, inventors, designers, storytellers, caregivers,
35 One

excellent example about the outstanding confusion when it comes to terms like Third Industrial
Revolution is the constant association with other terms, such as post-industrial society, post-fordist
society, knowledge society, information society or learning society. It is not part of this paper’s scope
focusing on this conceptualization exercise, but it is an aim for the work in progress.
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consolers, big picture thinkers – will now reap society's richest rewards and share its greatest
joys. (p. 1)
In this context, this new age requires supposed fresh modes of thinking and it would be the
time to surpass the pure and analytical rationality and focus on context, emotional and
synthetic expressions. While Florida's (2002) arguments are based mostly surrounding
geographical and economic data that demonstrates the creative class as a global
phenomenon, Pink's (2005) reasoning is closer to the sense that creativity is a common ground
amongst all human kind: the secret to creative success are 'six specific high-concept and hightouch aptitudes that have become essential in this new era' (p. 61): design, story, symphony,
empathy, play and meaning.
Another view arising from studies of economics is Richard Caves' (2000), which details 'the
industries that mediates between the artist and the consumer of artistic creators' (p. 37). Each
kind of creative activity – visual arts, literature, music, design, fashion, cinema, audio visual,
architecture, etc... – demands are considerably specific regarding creation, production,
storage, copyrights and distribution processes. In this context, there is no revolution, but a
more faithful analysis about the intricate and diverse interests that inhabit the world of
creative industries.
Even though it is encouraging to glimpse the emergence of a new class and a new mind, to
radically change institutions requires more than motivational speaking. It would be quite naive
to deny any relation between art, design and economic interests and that is not this essay's
intention. In fact, it is the recognition of this undeniable bond that motivates this
consideration. The big picture here is closer to the concern with whom is being left outside the
discussions around creative industries then with celebrating the creativity as a human capacity
– as well as all the possible meanings that could be awaken. Here is the place where art and
design education are still on the margins.
The enthusiasm about the creative industries has not yet brought significant changes in
terms of K-12 and high school education in Brazil – there are more fundamental questions
being struggled with. However, when it comes to the university, especially in Art and Design
undergraduate schools, it is possible to detect some modifications hidden behind such
euphoria. So far, the most outstanding facts are about the increase in funding, corporate
partnerships in public higher education, research development and relationship with the
community.
Returning to the Brazilian context described on the first part of this paper, more specifically
from a state located in the middle of the country, Goiás, the education in design is intrinsically
connected with the Arts Institute, today called the Faculty of Visual Arts, and the Department
of Architecture and Urbanism, belonging to the Federal University of Goiás and the Pontifical
Catholic University of Goiás, respectively. Both were established in 1968, in Mark Kurlansky's
(2004) words 'the year that rocked the world' (2005, p. 14), but it was only after 1995 that
design activities began to form the body of distinguished schools. The association between the
design education with art education fields in Brazil allows that the discussion around
educational issues, on such circumstances, to find its origins in the very art education
research.
jan jagodzinski (2010), with his Art Education background, has been a voice that circulates
between two worlds: art and design. For the most attached to the traditional core of the
Visual Arts, jagodzinkski's arguments may sound outrageous and critics are not hard to find. By
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permeating both fields, jagodzinski (2010) demonstrates that is possible to walk outside the
mainstream and go further than a 'concept framing' exercise:
The ampersand between art & design conveys the complex relationship between
autonomy and heteronomy—between freedom and the law. It indicates both a tension
and an exchange with some ‘beyond,’ given that art was to be a form of free
experimentation and autonomy whereas design was applied and practical. This
fundamental antagonism between art & design in designer capitalism can be restated as
simply a question of use- less art versus useful art (p. 53).
Realizing the difficulty about the conceptualization of fields of knowledge and work brings
this reflection back to the complexity of the status quo regarding the actual situation of Design
and Art schools. Despite all the differences, both have walked hand in hand, for a considerable
time in most of Brazilian territory. In Goiás, the first sign of a possible status change in the
framework of undergraduate schools in design area began with the funding increasing along
the last decade. Financial incentives began timidly, initially through contests with awards to
students. Subsequently, the encouragement for the establishment of business incubators and
institutional agreements for the student's internships was significant. Then, the increasingly
presence of teachers, lectures and professors that became doctors in the area allowed the
creation of research projects with serious funding. Each and every one of those actions,
financed and institutionalized, meant more productivity and visibility. For the last five years, all
this productivity started to have an address and a label on the process of filling curricula and
reports: Creative Industries.
However satisfying all the attention can be, it brings some suspicions. In Brazil, following
the origins of the creative industries concept as government policies worldwide, the
preparation process has been happening far from the public eyes. Since 2012, in order to
maintain the financial structure from the last decade, administration issues have been less
discussed and more imposed. As an immediate result, funding and the academic incentives are
now attached to how many degree have been issued (for students and for faculty), association
with corporations and number of publications linked to the university. At the end of the
academic year, the sum of all this is organized and statistics are disclosed, forming the basis of
what will come next year. The silence after this procedures is deafening because it means that
there is no concern regarding which/where are the achievements and/or learning. The
universities have been producing a lot, but what for? For whom is this positive? And, for what
reasons?
Anticipating that 2014 would be the beginning of a period in which economic difficulties
would erupt on the tropical horizon, at the end of 2013 the Ministry of Education made a
statement that all federal university expansion projects of public higher education reached the
end of its second cycle. Although the political plans about the universities shall continue, this
would happen through future projects, on future opportunities. For those who minimally read
news about the Brazilian political situation, this was expected. Unfortunately, this is not the
case for a lot of people related in any way to creative activities, which insist on belonging to
the stereotype of the creative genius alien to worldly matters. Facing the possibility of
returning to moneyless conditions, where funding was a privilege for fields very distant of the
art world, was unimaginable.
The financial nature concerns brought up a short academic debate whose main question
was: what was done with the money received during these years? In Goiás, the answer is very
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concrete with brand new laboratories, buildings, equipment and the growth of faculty
members. Faced with evidences that could not be more clear, the polemics were finished with
a sad 'now what?'. In order to avoid mores losses, the alternative was mainly about finding a
way to maintain the productivity standards. Dealing with such paradoxes is part of the job of
keeping the wheel turning, nonetheless wouldn't it be the time to understand the rankings
that are being so blindly pursued? The good thing about disrupting a rhythm – a production
rhythm in this case – is to destabilize the structures, not to continue past behaviours and
operating modes.
Instead of continuing to serve corporate partnerships, the lack of intellectual investment in
research is troubling since most of designers within the academic environment have been
acting more like technical and less as thinkers. So, all the excitement around the creative class,
economy or industries, is very useful for business but not so much when it comes to
strengthen design as a knowledge field. It looks a lot like the late 1800's, when art 'was to
discipline the mind through a technical training which focused upon the perfection of drawing
and design skills' (Freedman, 1989, p. 105). The concept to continue producing despite the
adversities reinforces the idea that ''the individual' has been like a mythical hero' (p. 112) and
while remaining occupied in attending previous obligations it is difficult to one create – really
and meaningfully – after all, there is so much work still to be done.
With so many higher demands, another neglected point is on the relationship with the
community. As a supposed class, Brazilian design researchers are not taking into account one
of its own guru’s statements. Richard Florida's states, loud and clear, that 'place matters'
(2012, p. 183) and he insists that diversity is a leverage. In that sense, where are the studies,
research and publications with respect to the local? It is of great importance to be aware of
literature and reports that relates with art and design in a global perspective, but one cannot
take for granted the study of some communities and apply it to others as if being part of a
global capital system would be enough. In a country with huge geographical proportions such
as Brazil, the only Creative Industries Mapping that is easily accessed has been a work of
Federation of Industries of Rio de Janeiro (FIRJAN), through a document published two times,
every two years, since 2012. Other organization using the term is the Brazilian Service of
Support for Micro and Small Enterprises (SEBRAE). Both follows the British Council's (2010)
guidelines by means of workshops publications in Brazilian Portuguese.
Other territory and territoriality notions arise in this context in which society is constituted
by 'an invisible space of knowledge, wisdom, thought of powers in that sprout and become
qualities of being' (Levy, 1999, p. 15). This hybrid and nomadic individual seeks information
while seeking relationships, statements and sense of belonging. The relationship between
virtual and real is established from a relationship in a space that is not physical, palpable, but
that is vigilant and controlling. This is just one of the ambivalences experienced between local
and global, authorship and anonymity, name and nickname, belonging and detachment and
produce and consume. As cultural studies shows, 'the whole is greater than the sum of the
parts' (Kincheloe, 2007, p. 104) and the story is repeating itself right here and right now.
At this point, a couple of questions remain: Does being global equal to being similar? Is
being creative more about improving then is it about novelty? Amid this productive frenzy, jan
jagodzinski (2010) elaborates the term 'designer capitalism' claiming that this situations and
contradictions have been treating 'difference as a possibility of sameness given as a choice' (p.
26). When one realizes that most of us are voluntarily choosing amongst all this aesthetic
sameness, it is not exciting to read again Pink's (2005) advice about developing 'aptitudes that
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computers can't do better, faster or cheaper' (p. 47). When higher education is becoming just
doing, producing and doing a little bit more, disregarding the intellectual investment in
promoting the thinking act, soon enough there will be computers doing what well-trained
designers/artists are now learning by just doing it. And then, maybe, some are going back to
Marx (1985):
When the machine starts to handle the tool, the exchange value of labour power
disappears when its use value fades. The worker is placed out of the market as money
withdrawn from circulation. The part of the working class that the machinery turns into
superfluous population, is not immediately required to the capital's self-expansion, follows
one end of an immovable dilemma: either succumb in the unequal struggle of the old
crafts and old manufacturing against mechanized production, or floods all the more
available industries, crowding the labor market and making the workforce price falls below
its value (pp. 492-493).
It seems like all the new minds, ages, classes have one thing in common: the human and
the humanity are the last of their worries.

Final considerations
A research paper, like this one, probably is of the most difficult kind of writing to indeed be
finished. Often it is a work in progress that belongs to a bigger picture. Right now, the main
purpose is to step aside from the enthusiastic generalities and search for nagging
particularities. One may be expecting a revolutionary proposal standing up against all the
critics about the actual moment. Such a radical and ambitious proposition is not what brings
this discussion to an end. The actual point, for now, is to reinforce the universities’ need for
being part of the decision making process. This paper is about not quitting, at least, not yet.
It is not up to this work to forecast the future of design education or even art education.
Far from that, the impossibility of guaranteeing a better path is the most stimulating challenge
about research that regards education. For now, the exercise was finding places where
economic interests meets educational ones through the 'creative discourse'. In the middle of
the way, the multiple associations with fields of knowledge and work with the word creative
shows that, in this context, it is more precise talk about 'creative industries' then 'creative
economy', since the boundaries here are in relation with design and art.
The crossed paths were found when educational policies in Brazilian higher education are
so intimately and obediently linked with neoliberal standards. This posture may be the
reasonable one, but it is, at the same time, the easiest one. Possibly, it is the safe way to climb
a few steps of the rankings stairs, but is not a ‘creative’ choice. As utopian as it may seem and
however small are the potential changes that academic discussions can actually provide, the
time has already passed for a more frequent and consistent debate when it comes to
education for the a supposed new era propagated by the creativity gurus.
Florida (2002, 2012) has given signs that the new age needs 'to rebuild our education
system from the ground up – and on the principles of creativity and the Creative Economy' (p.
391). He even claims that people should 'stop blaming teachers for problems created by an
outmoded system' (p. 391). The suggestion is that teachers were not part of the construction
of the current educational system entrapping the chain around this text. In this case, to
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comprehend the trap is the first step to avoid falling in the next one. There is still time, not
much, but it still exists.
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Abstract: In this article, we examine a particular case study of the street of
Hamra, located in the heart of Beirut, Lebanon. Hamra Street has a specific
heritage and a local spirit, and it is important to preserve this particular culture,
Genius Loci and Spirit of Place as part of any new architectural design. In order to
test our intention to strengthen this strong relationship between the specific
heritage and any new design, we used a method that relied on students’
experiments in a design studio. This was an experimental approach wherein
interior design students were asked, as a constraint to their concepts, to
integrate part of the local heritage and culture that characterizes Hamra–the
Genius Loci—into their designs while using information and communication
technologies (ICTs). After conducting this experimental research, the results
showed that while designing a space, it is important to consider the Genius Loci.
Unfortunately, the latter is not always taken into consideration during the design
process, and the architectural archetypes of industrialized societies are imported
into Middle-Eastern countries, which makes most of the new interiors into mere
copies western models with no local identity or national culture.
Keywords: Interior design, Genius loci, Culture and Cognitive learning tools
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1. Hamra’s Genius Loci
The idea for this pedagogical research project arose from the study of certain places, of
which sometimes only few aspects of their histories or heritages remain but that are
sufficiently important to merit further exploration: these places are characterized by a
Genius Loci or Spirit of Place. In our globalized world, the role of the Genius Loci is
threatened because the development of a common culture and identity is invading all
countries. People have the same dress codes, share the same types of food, and listen to
the same music, and this cultural uniformity is reaching the field of interior design. Reviving
the notion of Genius Loci can guarantee a certain variety and diversity worldwide and will
avoid a certain standardization that is dominating various fields. There are multiple
definitions of Genius Loci, and this a subject of ongoing debate among the various
disciplines involved in its consideration. The Genius Loci is the literal translation in Latin of
the Spirit of Place. The Romans were the first to identify the Genius Loci as a sort of genius
or guardian angel that accompanied man and defined its fate. They also believed that
certain places—temples, cities—had their Genius Loci (Petzet, 2008). This term is used
today in different fields and has a metaphorical sense, but we do not want to involve
ourselves in the wide philosophical field of phenomenology. Our goal is to consider the
Genius Loci in the design process through the use of new information and communication
technologies (ICTs). In fact, the main purpose of this article is to offer a perspective on
learning and teaching architectural environments and developing a deeper understanding
of the Genius Loci in the context of design studio teaching. The study presents the results
of a number of experiments that were performed in the context of education and that
addressed understanding and interpreting heritage values. The subject of this research
topic is the following: How does one, within the context of a design studio, teach students
how to integrate the Genius Loci or a particular type of heritage related to a specific
culture in their design concepts using (ICTs)?
There is currently a growing consciousness of the importance of this issue not only in
Lebanon but in all countries that seek to conserve their cultures and heritages as they find
adaptive reuses for existing buildings. The current view of requalifying historic spaces and
buildings requires a theoretical, conceptual and practical approach that is founded on a
historical, social and philosophical reflection. For interior design students at the university
level (third year), this means developing ideas that are tested and applied through
experiential modeling. The pedagogical principles that are offered prioritize developing
knowledge through experimentation and practical work. These principles are based on a
multidisciplinary approach. Students are invited to innovatively reflect on their design
projects through the perspectives of the various conditions that define the Genius Loci.
They are required to debate and advance their projects through the various design stages:
composition, evaluation and communication. This exercise can open new ways and
experiences for interpreting and integrating the Genius Loci into the design concept, using
ICT to encourage the perception of a historic and modern city as a place where heritage is
an integral part of the city's character and culture.
The results of this experimental research allow for developing tools that are geared
towards educating youth about the importance of their cultures and urban heritages while
simultaneously teaching them how to integrate sensorial aspects into their designs. These
results can also serve as a basis for initiating other projects that address a particular place’s
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spatial conception. Heritage and culture education is a key element in creating open
heritage environments, and this study of new methods of experimentation will enable us
to define and validate new orientations in the way we understand, structure and transfer
acquired knowledge about a given architecturally significant complex, leading to
developing projects that reflect the Genius Loci in the design concept. This study proposes
experimental projects that contribute to understanding the role of a space’s cultural
aspects in the learning process while integrating themes related to the said Genius Loci
that was identified in the proposal. These projects are examples of preserving and
transmitting information that is related to the existing Spirit and making it available
through the proposed projects.
The experiments conducted in this design studio had four goals: (1) proposing to
students new ways of understanding interior design in relation to the Genius Loci; (2)
finding new ways of representing an architectural environment by reorganizing the space
based on modern methods that also take into account the cultures and heritages of former
civilizations; (3) finding ways to develop digital models that facilitate access to information
for students regarding the different digital methodologies adopted by interior designers;
and (4) taking advantage of the digital technologies that are currently available and
integrating them with other approaches that have been proposed to improve the design
process of a significant architectural space.
Based on these themes, we have selected a location that best meets the proposal’s
requirements while also facilitating an understanding of its heritage and culture. The site of
which we speak is the district of Hamra. Hamra is located in Beirut and runs east to west,
connecting the Beirut central district with the Ras Beirut neighborhoods (Figure 1).

Figure 1

Understanding the streets of Hamra.
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Hamra is one of the main streets of Beirut. Owing to its numerous sidewalk cafes,
theatres and universities, Hamra is the center of cultural and intellectual activity in Beirut.
It combines everything within it, including residential spaces, shopping areas, banks,
hotels, cafés, bookshops, restaurants, cinemas and amusement centers, among other
attractions.
Early in 1914–1915, what is known now as Hamra (red in Arabic) was a red soil vine
(Khalaf & Kongstad, 1973). It was known as Beirut’s ‘Champs Elysées’ and was one of the
trendiest places in the Middle East through the postwar period (the 1960s and 1970s) In
the 1990s, the Municipality of Beirut gave the street a facelift to attract tourists yearround. Hamra is, for many, Beirut’s central district; it encompasses many styles from
traditional to modern to postmodern. It unites all people from different ages, nationalities,
and religions and attracts many tourists. Hamra is never empty—there is always
movement, always people occupying the street.
Hamra is rated among the first in Beirut’s commercial and retail district because of its
surroundings, especially its universities and hospitals, in addition to the government rent
regulations. Regarding legislation that Hamra passed, particularly since 2005, the area
remains trendy and profitable because of the following aspects: (1) its location in the
center of Beirut; (2) the historical significance of its neighborhood; (3) the attraction of
‘authentic’ Beirut to foreign tourists; and (4) Hamra’s nightlife and the theory of the red
lights at night that come from nightclubs, pubs, bars, and cafés. In addition, (5) Hamra also
has an educational and cultural image because it contains four major universities: LAU
(Lebanese American University), AUB (American University of Beirut), Haigazian University
and the Lebanese University, and (6) Hamra is also an important strategic and economical
hub owing to the presence of the Central Bank, other famous private banks, important
newspapers offices, and the ministries of tourism, economy and trade (Figure 2).

Figure 2

Evolution of the urban fabric in Hamra.
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In considering the case study of Hamra, how can students be taught to create projects
that can integrate this district’s specific culture and heritage aspects to respond to the
demands of the site’s architectural and spatial observer? What method can lead students
to produce projects that have a dynamic, interactive character and that reflect Hamra’s
Genius Loci?

2. Research methodology
These are the questions that our research will attempt to answer with a particular work
methodology, the grounded theory method. Collaboration is the only way to accomplish
work in this type of project; as was well explained by Zahedi and Sharlin (2013): ‘To
discover ways to approach the multi-disciplinary team in order to access the needed
knowledge for the project, Research through Design (RtD), also called Project-grounded
research, was used. This allows the researcher/designer to conduct research in a realworld context. The study focuses on real problems, the design process, its context and the
interactions of the people involved while progressing with the client’s project. In effect, the
boundary between theory and practice is eliminated. Design theory becomes part of the
project and its implications during the project’s development are observable. In such
situations, both research and project progress iteratively.’
To better understand how to design according to the spirit of a place, the students had
to first define the bases of the argumentation that supported their research themes and to
understand the notion of Genius Loci in the specific context of Hamra. As a first step, they
had to familiarize themselves with the concept of Genius Loci in its general meaning, and
they studied Hamra's history, heritage and urban fabric. They had to observe and collect
data and then focus on a main idea that would define their design concepts. As a second
step, the results were presented and compared. They highlighted the avenues they chose
from among the research paths that they explored. Toward that end, they conducted
research on the possibilities of representation in interior design; with regard to these
possibilities, it should be noted that in the twentieth century, interiors were illustrated by
means of drawings, plans, cross-sections and elevations that were produced by architects
and archaeologists; three-dimensional reconstructions of spaces were often created as
well, and this is precisely what archaeologists used to do. Their sketches were one example
of this approach and were prominently featured on signs that provided information about
the archaeological heritage to visitors. Graphic reconstitution in the form of drawings is still
widely used today to express architecture and interiors. Restoring ancient monuments is
another way in which interior design can be enhanced. Restoration, according to Pérouse
de Montclos, involves a number of different areas, including: ‘consolidation’, which
ensures a building’s durability without modifying it; ‘reassembly’, that is, reconstructing a
building whose parts are still available on-site; ‘reconstitution’, collecting and reassembling
authentic elements that have been dispersed; and ‘repair’, replacing deteriorated parts
with new, identical elements. However, the physical reconstitution of monuments is now
regulated. The Venice Charter, which preceded the one adopted in Victoria Falls in 2003,
states: ‘that architectural heritage must be considered within the cultural context to which
it belongs, that the conservation and restoration of architectural heritage requires a
multidisciplinary approach, and that the latter is not an end in itself but a means to an end,
which is the building as a whole.’ Finally, it should be recalled that, as with life-size
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reconstructions, scale models are also potential tools for enhancing interior architectural
heritage. They can be used to depict a building, but they often provide no information on
the factors related to its construction history. These models are limited to threedimensional reconstitutions of forms that are, in certain cases, hypothetical. They are often
used as teaching aids and also as tools to inform and entertain cultural tourists (Gillot,
2006).
In this chronology of representations (from drawings to restoration to life-size
reconstructions and scale models), the use of digital modeling systems and new
technologies through virtual spaces becomes relevant. Little by little, a physical
environment is expressed through digital 3D spaces, and a type of design that is virtual and
dematerialized emerges and helps us better understand a building’s construction. ICTs
allow for exploration that involves the simultaneous use of simulation and experimentation
while respecting the integrity of an architectural space.
During their work, the students discovered that the roles of these new technologies are
not limited to simple communication and representational tools. Information technologies
progressively transform the information management methodologies that are adopted for
the fields of interior design; they particularly influence the development of learning
methods. The learning method proposed is to facilitate students’ knowledge transfer and
design understanding using ICTs. This method typically employs complementary
alternatives to traditional teaching methods, such as textbooks and classrooms, by using
digital modeling systems based on interactive education techniques together with
audiovisual media. Therefore, the projects also attempt to demonstrate that appropriating
the culture and the Genius Loci are possible during the learning process and can be
expressed.
As previously stated, the work approach is based on grounded theory and draws its
inspiration from studies on people. It targets the inventory of literature at a cognitive
rather than explanatory level, leading to open research objectives. In this process, based
on inductivism, the researcher’s theoretical and experiential mind is brought to the
forefront (Mucchielli, 2004). Grounded theory is augmented by turning to other research in
the same field of study during the initial stages. However, the literature is not directly used
as a base for following trends because it requires the researcher to develop his or her own
analysis and to disregard set precedents. These strategies reinforce the data as well as the
ideas that ensue from them. The data collected are not analyzed through a traditional
quantitative verification approach, but they enable the development of comparisons and
observations that raise these efforts beyond a single end by doing spadework that may
mistakenly be considered verification work. This theory advocates interpreting ofteninnovative data without explicitly aspiring to a final and complete interpretation. Data are
collected during an observation of facts from which the researcher will draw a set of
themes that will lay the foundations of its problems. In order to study the district of
Hamra, a preliminary experiment was undertaken based on a multidisciplinary research
strategy that began with a historical study. The knowledge of a historian and a cultural
heritage expert were essential in conducting this research; their contributions were the
main source of information because we lacked sufficient data on the buildings and interiors
that characterize Hamra. In addition to the potential for creating communication between
disciplines, this experimental project opens new possibilities of expression and experience.
The various disciplines involved in enhancing interior design education—history, heritage,
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architecture, urban planning and others—come together and generate debates and
discussions to propose solutions that integrate their combined expertise.
The main challenges while working on the Hamra district were communicating a
specific culture without having all of the necessary information and testing hypotheses that
would have been impossible to validate without the collaboration of the various disciplines
that were previously mentioned. Because of the lack of information concerning drawings,
one of the most valuable contributions was the historian’s input.

3. Applications and discussions
After conducting thorough research based on grounded theory (through interviews and
videos with local residents, studying Hamra’s cultural heritage and urban fabric, etc.),
students conducted historical and exploratory research; this earlier research introduced a
digital design tool that integrated variable design aspects such as the Genius Loci that
should be identified throughout the design process and integrated into the architectural
space; this model allows the student to clearly define the design objectives. Then, a final
interface is proposed using digital media tools. The students organized and described
approaches for the knowledge transfer that allowed them to exploit representations of
spaces (Figure 3). This experiment displays the Genius Loci, showing the different layers
that illustrate different shapes of the space selected in Hamra so that the user can learn by
interacting with the digital modeling systems by experiencing friendly interfaces.

Figure 3

Reflecting the Genius Loci and model production.

The challenge was to create a design that would propose an interpretation of cultural,
social and design aspects using abstract representations. The project (Figure 4) takes root
in the historical fundamentals of oriental pattern by adapting the skin or the Musharabiyah
to the interior program, privacy (see without being seen), and daylight control in the
context of a Mediterranean country. Lebanon is composed of several social and
denominational identities, which means that heritage is perceived differently according to
one’s background. Without belaboring the nuances around fundamentals of oriental
pattern, suffice it to say that cultural considerations in design projects are a major issue in
the context of this experiment. It is a common practice for many architects. Jean Nouvel
was inspired by oriental motif in the example of the ‘Institut du Monde Arabe’ where
mechanical ‘eyes’ for its façade acts as ‘metal eyes’ that dilate according to the weather
and light conditions outside; dilating to allow daylight enter the museum, or narrowing to
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reduce solar exposure. The Musharabiyah plays the role of a structural element and a skin
becoming denser in parts that require less openness and less dense in parts that require
more openness similar to a sunscreen.
The students then developed the information structure necessary to validate strategies
for defining an informative representation model, using software applications that enabled
them to create web-based interactive digital devices. Starting with modeling a 3D space of
their projects, they attempted to tell the story of this space by adding text data and
images. The students’ main challenge was communicating Hamra’s Genius Loci through
their projects. According to researchers, communication is the process of transferring
information from a sender to a receiver through a medium of transmission.
Communication is also the ability to share information between humans and computers; it
is a process that relies on shared knowledge between the various actors who interpret
information. ‘It is relatively easy to communicate information from computers to humans,
who possess the intelligence needed to understand textual, numerical, graphical, and
auditory messages. However, it is frustratingly difficult to communicate information from
humans to computers, who lack the intelligence and the ability to interpret messages,
unless they are coded in a completely unambiguous manner’ (Kalay, 2004).
In fact, research has shown that students encounter difficulties in understanding the
sequences and overlapping events over the course of a site’s history when they use
traditional learning methods. Rather than finding traditional ways of communicating the
Genius Loci or Spirit of Place (or history and heritage) that defines a place’s specific culture,
which is often difficult for students to understand, we propose a means whereby the
students can be integrated with, and part of, this Genius Loci. The students would address
new experiments that would enable defining and validating new methodologies through
which acquired knowledge about a given complex of monuments is understood, structured
and transferred.
New research fields concerning teaching theories tend to involve students in creating
learning tools. Teachers and learners behave as a team while constructing learning
content. In fact, this process is being developed and analyzed by many researchers such as
Jonassen (1992). His theories meet our need to experience technology as a tool in order to
identify the Genius Loci, the Spirit of Place, that is, the specific culture behind a place. In
identifying the potential of learning theories, an overview is presented that divides them
into objective ‘traditional’ and constructive ‘new’ theories. Currently, the new theory being
used to represent knowledge is constructivism. We will argue in this article that
constructivism ‘proposes that because learning is a process of actively constructing
knowledge by integrating experiences into the learner’s existing schemata, learning
environments should support that process by providing multiple perspectives or
interpretations of reality and enable knowledge construction in the learner through
providing context-rich, experience-based activities.’ Jonassen describes the applied
technologies as cognitive learning tools rather than as instructional media. He argues that
these tools should be taken from the instructional designers and given to the learners as
tools for knowledge construction rather than as media of conveyance and knowledge
acquisition. ‘Cognitive tools are both mental and computational devices that support,
guide, and extend the thinking process of their users’ (Derry, 1990). Cognitive tools are not
designed to reduce information processing, that is, make a task easier, but to provide an
environment that often requires learners to think harder about the subject matter being
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studied. This process generates thoughts that would be impossible without the tool, which
is one of cognitive reflection and amplification that helps learners to construct their own
realities. Learning is a continual process, and knowledge evolves because it is enriched by
the learner’s experiments. The training environments should thus provide many prospects
and possibilities for interpreting and communicating reality.

Figure 4

Digital modeling system: inspiration of a project.

The digital modeling system is used as a window to the past. The activity of
comprehension and communication inside this dynamic virtual architectural and historical
space is more intuitive and effective than is using only abstract technical data for plans and
orthogonal views. Furthermore, with ICT, the students were able to access these digital
models remotely. It was also possible to experience these digital models in an immersive
way using projection systems, placing the participant directly in the past while respecting
the user scale (Derry, 1990).
This digital modeling system can also be shared online within students’ communities.
Today’s networks and new communication methods favor online collaborations and
exchanges and have become the means for representing and communicating the complex
relationships between different pieces of information (Horan, 2000). With the publishing of
this modeling system, the potential of the virtual dimension is exploited, and a
cohabitation of virtual models and built spaces is ensured. The virtual dimensions of spaces
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can be considered to be spaces for information in constant evolution and for living
memories. In addition to the pedagogic benefit, sharing this prototype ensures the active
participation of new actors in studying interior design as well as the methods of restoring
the man-made environment (Mitchell, 1999).
Our method aims to provide new architectural solutions by technological means, with
an emphasis on integrating the Genius Loci in the design process and understanding it. By
using this approach, understanding a space through its evolution will no longer be seen as
a constraint given that it can be considered in the very first steps of the design process
while using digital tools. During their research, the students have discovered that the roles
of these new technologies are being transformed into those of e-learning tools. Increasing
amounts of research have shown that these tools are also used as information tools during
the conceptual design process, thereby allowing the users to take into account a number of
different factors as they create an architectural space. Therefore, this research attempts to
demonstrate that integrating the architectural and heritage aspects—or Genius Loci—of a
site is possible during the conceptual design process (Figures 5-10).

Figure 5

Plans for a library and restaurant for youth.

Figure 6

Interior spaces that reflect the spirit of the place.
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Figure 7

Study of the Hamra project plan that reflects Hamra’s spirit in the interior.

Figure 8

Proposal for a library in the middle of a crowded street such as Hamra.

Figure 9

General view of the library.
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Figure 10 Views of the interior showing the relationship between the interior and the exterior.

4. Conclusion
Complementing existing knowledge, this experimental project contributes to the
development of the latest comprehensive digital modeling systems, which aid students
who are preoccupied with architectural concerns in understanding architectural spaces and
also in developing new learning tools linked to ICT and creating places, which facilitates
knowledge exchange. Using the latest evolutions in computer modeling and new
approaches in teaching, this research project provides the knowledge required to create
new systems of architectural management through proposed collaborative work. These
systems provide information for changes in architectural spaces and their consequences.
Subsequent research contributes to the development of digital devices that can help the
designer in planning architectural spaces while providing for the Genius Loci; it also
contributes to developing e-learning design tools.
These reflections pave the way for a new digital approach in education that responds to
the evident challenge of preserving the aspects of a heritage space and the traces of the
processes by which the space was built and taking into account regular teaching
environments by transforming them into virtual ones. The project contributes to progress
in the area of learning environments by providing avenues for reflection on how to best
support and facilitate the interaction between students and the material being learned.
By using digital modeling systems, we also help to develop a dynamic virtual
architectural history. In this case, the virtual world connects students (present) to the
historical space (past). It is not merely a question of proposing experiments to students for
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communicating a range of information such as that summarized in historical texts but
rather a means of experiencing the building in order to feel the memory of the place.
Through this work, students explored different avenues to achieving the goals set forth in
the design studio. This reflection process enabled us to define the themes for the Hamra
district; we reflected on the types of solutions that could be brought to bear. Our
conclusion is that research must not lead to the automatic generation of solutions; rather,
its aim is to provide a means of understanding spaces in order to improve teaching and
learning methods using (ICTs). Taking into consideration the Genius Loci in a design
concept facilitates understanding not only interiors, architecture, heritage and history but
also the dialogue between professionals and non-experts. Digital modeling systems
provide new opportunities for teachers, students and the public alike to better understand
the tangible and intangible aspects of architectural spaces (Khayat, 2001) as well as the
local spirit, which is not always taken into consideration during the design process. In the
context of the Middle East, the architectural archetypes (Saliba, 2009) of industrialized
societies are imported into our interior spaces, which very often makes them copies of
western models with no local identity. In the case of this experimental project, we should
note its impact as a tool for transmitting to students a very important message: always
consider your local identity, the Genius Loci, the spirit of your place. We are drifting
towards internationalization and standardization, and there is a great danger of losing our
identities and cultures. Many cities will look alike and might lose their characters, their
specificities or their Genius Loci.
The results of this research project could be used for pedagogical purposes. Teaching
the identities and histories of architectural spaces could be made more accessible by
means of models to aid in our understanding of these spaces and how to take into
consideration the local spirit and Genius Loci while designing. It is in this direction that we
continue our experimentation; our aim is to contribute to advancing knowledge by
integrating the Genius Loci in the design process, which can only be enriched as a result.
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Abstract: Intercultural design collaboration (IDC) is a cross-cultural exchange that
can take place between visual, spatial, product and digital designers. IDC involves
a shared approach to gathering information, making decisions, creative
production, critique, and developing design solutions. IDC methodologies can
provide designers with the cross-cultural experiences and competencies necessary
to navigate an increasingly globalized landscape. This qualitative study combines
Edward T. Hall’s theories of high- and low-context cultures with Elizabeth
Tunstall’s ‘Five Experiential Elements of Community’ to explore the impacts and
outcomes of IDC between two geographically distinct groups of students and
faculty. The exploratory research in distance collaboration uses grounded theory
to compare and analyse the experiences and interactions of independent groups
of participants located in the United States and the Gulf Region over a period of
four separate academic semesters. Findings indicate that a blended approach
integrating ‘communication’ and ‘design’ into the methodology can increase
cultural understanding, break down perceived barriers, and promote effective
design outcomes. As such, this comparative analysis aims to share findings and
recommendations with design educators while advancing IDC between students
situated in seemingly disparate cultural contexts.
Keywords: Grounded Theory, Digital Community, Intercultural, Design
Collaboration
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Introduction
Communicating Across Cultures
According to anthropologists, culture revolves around human cognition and activities
based on shared patterns of human behaviour learned from society. This learned
information is rarely taught explicitly and is unique to each society’s values, beliefs, and
social norms (Monaghan and Just, 2000, p.50). Adam Kuper writes that culture is ‘learned,
adaptable symbolic behaviour, based on a full-fledged language, associated with technical
inventiveness, a complex of skills that in turn depends on a capacity to organize exchange
relationships between communities’ (1994, p.90). Although these definitions of culture
represent a holistic view of people, they simultaneously emphasize the differences between
them. This polarizing aspect of cultural interpretation can lead to research agendas and
intellectual traditions that feed into popular misconceptions about the ‘other’ or may
contribute to an orientalist perspective.
Researchers and media channels commonly refer to the Middle East in terms of
language, religion, or political ideology; however, the subtleties of culture are far more
complex than the overarching term ‘Arab’ implies. Elie Wardini points to the diversity of the
Arab world, characterizing it as a ‘mosaic’ comprised of a vast number of historical
interactions and shifting socio-cultural realities (1991). This characterization expands the
narrow perspective of Middle Eastern culture–often entrenched in political or ideological
debate–into a more dynamic view that intertwines citizenship, literature, clothing, music,
and ancestry into a cultural tapestry. Similarly, there is a need to characterize the diversity
of Western culture in the Middle East, where mass media typically serves as the only means
to represent Western ideals and cultural belief systems.
In his book, ‘Visit to America,’ Jawaharlal Nehru writes ‘if we seek to understand a
people, we have to try to put ourselves, as far as we can, in that particular historical and
cultural background. Normally people do not make such an attempt at all’ (1950, p.58). This
notion underscores the importance of historical consciousness in communicating across
cultures, but it applies in multiple ways: each culture must seek to unravel its own history,
as well as that of the partner culture. Pushing past antiquated approaches to cultural
understanding between the West and Middle East, therefore, could potentially lead ‘to the
establishment of effective and peaceful policies’ (El-Aswad, 2012, p.4).

High- and Low-Context Cultures
Edward T. Hall’s seminal work, ‘Beyond Culture,’ explores culturally determined
attitudes and linguistic patterns that serve to shape communication, personality dynamics,
and educational goals (1976). Hall explains the representative differences between cultures
on a low- to high-context continuum that describes ‘the degree to which one is aware of
the selective screen that one places between himself and the outside world’ (p.86). He
further notes that the determining characteristics of these systems affect people's ability to
build relationships and interactions with other cultures in the world. Therefore, recognizing
the inner workings of culture and personality through self-reflection and active
interpretation can contribute to improved cross-cultural relations (p.240).
Recognizing and unpacking the granite-like persistence of a culture’s control system is
fundamental to teaching and learning in a globalized educational environment. Not only
does technology bind students to virtual social spaces like never before, but increased
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exposure to diverse ideas also amplifies the connective capacities of these technologies.
Regardless of their locale, students must learn to recognize their connections to a broader
cultural landscape and their role within it. Introducing Hall’s insights of high-low-context
systems in an educational setting provides a starting point for overcoming culturally
conditioned projective systems and the resulting mental maps that govern unconscious
behaviours.
Based on Hall’s work, a series of learning and assessment tools have emerged to help
students and faculty interpret their personal disposition relating to high- and low-context
cultures. These tools encourage internal reflection upon personal preferences and cultural
behavioural systems in order to support cross-cultural experiences, such as study-abroad
programs. For students unable to participate in such experiences due to time, distance,
finances or cultural constraints, virtual collaborations provide opportunities for intercultural
experiences that leverage Hall’s analyses.

Intercultural Design Collaboration (IDC) and Experiential
Elements of Community
Research of multicultural teaching and learning has appeared in numerous journals and
publications over the last decade (Case, 2013; Gay, 2010; Banks and McGee-Banks, 2009;
Powell, 2001; Gardner, 2001). However, far less literature exists on cross-cultural projects
and activities between classes located in disparate geographical contexts (Wang, 2011;
Blair-Early, 2010; Schadewitz, 2007). Most documentation dedicated to intercultural
education primarily involves students who reside within the same city (Hooper &
Springham, 2014; Buck-Coleman, 2010), or those temporarily involved in service learning or
study-abroad programs (Beaverford, 2013; Froehlich, 2012).
At the same time, the benefit of cross-cultural educational experiences is resounding
throughout the literature. ‘A successful cross-cultural design experience can help young
designers enter the profession with multicultural sensitivity and sensibility, along with
collaborative experience’ (Murdoch-Kitt & Emans, 2014). In categorizing the benefits,
researchers note that these types of experiences have the ability to diminish conflict (Gay
2000, vii–viii), promote peaceful understanding and tolerance (Sánchez Sorondo, 2005), and
encourage deep understanding and civic responsibility to address global injustices (Wang,
2011). The result, however, is a noteworthy gap between the significance of multicultural
experiences and the lack of opportunity for the majority of students to participate due to
financial, social, or scholastic constraints. Intercultural classroom experiences, mediated by
virtual communication tools, could therefore empower more students to gain the
interpersonal competencies needed for effective communication and creative collaboration
with diverse team members.
According to Patton and Downs, the integration of diverse cultural backgrounds, value
systems, and cultural norms into teamwork further expands teams’ breadth of experience
(2003, p.48). However, in order for cross-cultural communication to be effective, it is
important for both parties to understand the perceptions, stereotypes, and ‘subconscious
cultural blinders’ they bring to the exchange (Adler, 1991). Intercultural design
collaboration (IDC) is the exchange of ideas, information, decisions, creative output, and
critique to arrive at shared design solutions across different cultures. The aim of IDC at the
university level is to encourage students to learn empathy and appreciation for other
cultural perspectives through relationship-building activities in accordance with design
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thinking processes. IDC interactions can also help encourage a broad conceptualization of
culture as a diverse mosaic: a culmination of citizenship, literature, clothing, music, and
ancestry (Wardini, 1991).
Design anthropologist and researcher Elizabeth (Dori) Tunstall’s ‘Five Experiential
Elements of Community’ frames the efficacy of collaboration between distinct team
members within digital communities (2008). These experiential elements enable
participants to recognize their individual priorities, those of their ‘home’ culture, and those
of their partner culture. Tunstall originally combined Benedict Anderson’s concept of
‘imagined community’ and Victor Turner’s ideas of ‘liminality’ and ‘communitas’ with an
earlier model she developed to explain the structure of workplace communities. Together,
these approaches describe how the experiential elements of community—agency, historical
consciousness, life goals, organizational structure, and relationships (Figure 1)—can support
the digital communities of the networked era (Tunstall, 2008).
Tunstall’s model is a natural fit for virtual IDC because it helps explain how different
community values can shape interactions. Combining Tunstall’s experiential elements with
Hall’s definitions of low-and high-context cultures is particularly useful for cooperative
digital communities that must rely on mutual use of virtual tools and spaces in order to
thrive. It is important for faculty leading IDC projects and the students participating in these
activities to have a broad view of culture and its depth of complexity. Addressing
stereotypes early on through open discussion formats and activities create an environment
in which students feel more willing to face assumptions about ‘self’ and ‘other’ head-on.
In knowing yourself, you gain power over your perceptions and reactions; you can
control your own behaviour and your reactions to others' behaviour. Cross-cultural
awareness complements in-depth self-awareness. A lack of self-awareness negates the
usefulness of cross-cultural awareness (Adler, 1991, p.14).

Figure 1

Tunstall’s Five Experiential Elements of Community, adapted by Murdoch-Kitt and Emans.
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Research Methodology
Grounded Theory
Grounded theory is a framework for qualitative research encompassing a ‘constellation’
of methods that include inductive logic, comparative analysis of data, theoretical analysis of
findings, and informed practice (Charmaz, 2014, p.14). An approach anchored in analytic
writing, grounded theory is a flexible process that allows clarity to emerge from numerous
comparisons of collected data. The methodology allows researchers to construct theories
from their data in a manner that is ‘grounded’ in the findings. Barney Glaser further
positions the researcher within this framework as someone who can conceptualize data,
cope with uncertainty, and ‘tolerate confusion’s attendant regression.’ He further states,
‘these attributes are necessary because they enable the researcher to wait for the
conceptual sense-making to emerge from the data’ (2010, p.4).
Within an educational context, grounded theory supports a process where substantive
findings can emerge through comparative analysis and analytic realizations, leading to a
‘conceptual handle on the studied experience’ (Charmaz, 2014 p.4). Grounded theory
enables design educators to analyse the benefits and challenges of IDC through comparison
of qualitative findings, including structured pedagogical environments, student
collaborations, and design scenarios. Data collected for analysis may consist of written or
visual documentation, statements from interviews with students, studied scenes or
settings, interactions and observations of students, or any combination of these
approaches. Studies further indicate the value of grounded theory in relation to virtual
environments, noting that it is ‘particularly well-suited to the study of virtual teams’ (Sarker
et al., 2000, p.1).
For this research, grounded theory supports a method of comparison and analysis from
a series of collaborations between virtual design teams located in low- and high-context
cultures. Documentation of cross-cultural design projects exists, but research remains
limited. Most documented projects primarily involve students who are physically collocated
either as residents within the same community or through study abroad programs.
Moreover, IDC between Western and Middle Eastern students remains largely unexplored
due to divisive attitudes perpetuated by the media; socio-political restrictions; and the
difficult terrain of time, distance, and tools needed for effective communication.
This study involves data gathered from four semesters of virtual collaborations between
students at Zayed University (Dubai, UAE) and University of San Francisco (San Francisco,
CA, USA); and students at Virginia Commonwealth University Qatar (Doha, Qatar) and
Rochester Institute of Technology (Rochester, NY, USA). Two of the collaborations
compared within this paper (San Francisco and Dubai) utilized asynchronous
communication methods such as email across 11- to 12-hour time differences. The other
two collaborations (Rochester and Doha) utilized a combination of asynchronous and
synchronous methods (video chat, instant messaging, SMS) across 7- to 8-hour time
differences.
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Figure 2

Tunstall’s Five Experiential Elements of Communities interpreted in terms of Hall’s Lowand High-Context Cultures, adapted by Murdoch-Kitt and Emans.

IDC in the Classroom
Tunstall’s experiential elements of community, combined with Hall’s definitions of lowand high-context cultures, are particularly useful for comparing and analysing cooperative
digital communities (Figure 2). Findings from these four virtual IDC exchanges between
participants located in the United States and the Arabian Gulf Region suggest best-practice
approaches concerning learning outcomes, timing, tools, and planning. All collaborations
experienced varying degrees of successful communication between the two classes, final
design outcomes (projects), and students’ perceived value of the exchange. The following
section will discuss each element within Tunstall’s experiential elements as a lens to assess
its particular successes and shortcomings within this IDC study.

Relationships
Relationships are described as the basic units of community, through which people
establish the trust and understanding needed to rely upon each other. People evaluate
relationships based on their (1) Depth, whether one-dimensional or multidimensional;
(2) Time, their frequency and duration; and (3) Tools, the modes of communication and
the spatial environment in which they take place (Tunstall, 2000).
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Based on Hall’s definitions of low- and high-context cultures, there exist significant
differences along the continuum with reference to the establishment of relationships in the
community and between individuals (Hall, 1976). In low-context cultures such as North
America, trust and understanding are demonstrated through specific actions as well as
through agreements or contracts. When individuals communicate, they interpret others’
words at face value and with literal intent. On the other hand, in high-context cultures, such
as the Middle East, trust and understanding are built through interpersonal relationships
based on emotion and intuition, rather than direct communication. Gestures, facial
expressions, and other subtle, non-verbal cues enrich communication and may be more
important than spoken words, according to Hall.
Within this study, the duration of the collaboration, modes of communication, and
different methods of pairing students influenced the dimension of the relationships formed
across IDC. The longest collaborations led to stronger relationships between students due in
part to duration, but also due to decreased time difference, different communication tools,
and pairing students based upon topical interest. For instance, the collaboration between
students in Dubai and San Francisco involved an 11 or 12-hour time difference (depending
on North American seasonal time change) that required asynchronous communication
methods, while more recent collaborations between Doha and Rochester (7 or 8-hour time
difference) involve a great deal of real-time videoconferencing.
For the first exchange within this study, Digman’s five-factor model of personality (1990)
assisted the process of assigning intercultural partners by matching students’
complementary characteristics, resulting in strong connections between students. Although
this cohort worked together almost exclusively via email, there was high enthusiasm for the
collaboration from the start, fueling relationship-building activities and design outcomes.
Partners completed a series of four distinct projects together, and, in spite of the time
difference that made it difficult to meet via video chat in real-time, they worked diligently
as a unit to fulfil their goals. However, while many pairs established trust by working
collectively to meet deadlines and move forward with their projects, conversations often
remained at a surface-level. In this regard, fear of insulting other team members stalled
design critiques between the classes and impacted pairs’ ability to form deeper
relationships.
During the second iteration of this study, among students located in San Francisco and
Dubai, personality characteristics also helped determine partnerships. However, this
attempt at cultivating relationships was far less successful because of the limited time to
conduct the IDC project. The three-week project, conducted mid-semester, did not give
team members enough time to establish trust or foster interpersonal connections.
Furthermore, from the onset of the collaboration, students were confused about the
project goals and the purpose of the exchange, and, therefore, less enthusiastic about
engaging in IDC.
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The subsequent exchanges between students in Rochester and Doha have led to the
most successful relationships in the study for several reasons. Pairings in both classes were
established based on students’ topical interests related to their project, instead of
personality characteristics. Both of these collaborations ran the duration of the semester,
but there was also less time difference between the groups: 7-8 hours instead of 11-12
hours. The biggest shift, however, was in tools. Not only did a decrease in time difference
enable more real-time communication via video chat and messaging, but cloud-based
common spaces for the groups were also formally established. Students used Google Drive
to share their files and a private Google Plus community to post findings, progress, engage
in discussion and request or participate in critiques.
By personifying both classes in an online representation, team members felt
accountable for project progress and were more responsive to virtual critique. These
combined factors undoubtedly led to more multi-dimensional relationships between IDC
partners, particularly in the most recent iteration of the exchange, when the students were
able to video chat almost weekly during scheduled class time. Observations revealed that
these conversations not only centered around the project at hand, but reached further to
include broader discussions of culture, as well as more personal details and interests.
While this analysis focuses primarily on peer-to-peer relationships across distinct
classrooms and cultures, it is important to note that many other relationships are at work
within these collaborative ecosystems. For instance, the relationship between instructors
leading such collaborations is incredibly important, as they face similar challenges with time
and tools in order to establish trust, depth, and effective communication. Additionally, the
relationships between faculty and students are equally important, both within the same
classroom and across cultural boundaries. In order to foster a relationship with the
instructor in the collaborating classroom, virtual discussions, lectures, and critiques
promote trust with students. The ability to meet on numerous occasions throughout the
semester enhances relationships between instructors and fosters a sense of community
between the two classes.

Organizational Structure
A mental map that provides people with an understanding of how they fit within and
contribute to the greater whole. Often in groups, it outlines who is responsible, or what
and how decisions are made (Tunstall, 2000).

Considering Tunstall’s organizational structure via Hall’s low-high context continuum,
low-context cultures, like the United States, are concerned with defined hierarchy. It is
important for people to realize how individual contributions impact organizational
structure, and how organizational structure contributes to personal development.
However, organizational structure in a high-context culture is relational: everything is
weighed in relationship to everything else. Though there is still a sense of hierarchy, each
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person recognizes his or her individual position in relation to the greater whole, and may
prioritize organizational efficacy over one’s personal achievements (Hall, 1976).
The organizational structure necessitated by IDC presents a challenge to many students,
as evidenced by all four semesters discussed in this analysis. While most students have a
mental model for the traditional design classroom’s typical hierarchy and roles, adding
another classroom to the course organization is disorienting and many express
uncertainties relating to functionality. One way to support the new organizational structure
of the digital collaborative community is to assign a collective project that relies on each
member playing a role in its successful completion. This research implemented a collective
project approach with varying degrees of success.
The most successful collective project within this study occurred during the first
collaboration, when students worked together on a formal process book that encompassed
all of the work generated by the teams in both classrooms. The class in San Francisco
started the book layouts, creating a system and populating it with text and images to
communicate their side of the story. Next, they passed their files to their partners in Dubai
to add their own materials, refine the overall design, and finish the book. After the term,
the book became available to all students as a web-based publication and via print-ondemand publishing for those interested in purchasing a hard copy.
This project was successful because both classes shared a mental model for a book
design project and what it might entail. Clearly defined division of labour helped students
determine their roles, and partners were able to work sequentially on the same set of
design files. The final book captured the work all partners had done together, offering a
celebratory retrospective of their shared efforts, reinforcing their experience of cooperative
partnership. Student satisfaction with final design project outcomes is most evident in the
success of the formal process book—in contrast with subsequent collaborations that
focused on collective approaches in a less concrete manner.
During the third virtual IDC exchange, students in Rochester and Doha focused on the
topic of water sustainability, producing three collective exhibits. Student feedback was
positive toward this collaboration: students were excited to share with others what they
had learned from their partners. The clarity of the virtual classroom’s organizational
structure and its unifying theme of water sustainability helped students appreciate and
readily accept the rationale behind a mutual exhibition of their diverse projects. Even
though, on some level, they were still beholden to their individual classrooms and
somewhat different project plans, they were willing to initiate extra work to share their
ideas with a variety of external audiences.
During the fourth exchange, however, a much broader approach to sustainability topics
(specifically, how design can promote behaviours that support various forms of
sustainability) seemed to promote agency while stymieing the classes’ sense of
organizational structure. Students were encouraged to explore and select topics under the
umbrella of sustainability before the formation of teams, and had to make connections
between partners’ projects. Because the structure promoted open selection of topics, some
teams ended up with highly compatible themes, while others struggled to see connections
between their selected topics. The number of students in each course also influenced the
overall sense of structure: 14 students in Doha, 5 in Rochester. Initially, there were more
students in the Rochester course, but the unexpected withdrawal of several students late in
the semester left some students in Doha without international partners. This breakdown of
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student relationships and organizational structure contributed to a disconnected
impression of students’ final project outcomes and overall sense of accomplishment within
the course, even though the individual projects reflected learning and growth.
In addition to issues related to divergent project topics and the disparity in student
numbers, allowing students to self-define their project medium seemed to decrease their
interest in a collective project. With a focus on experiential and spatial design in Doha,
students prioritized their exhibition outcomes, with only a few making an effort to
incorporate their partners’ work and ideas into their personal installation. As a result, most
Rochester projects ended up as posters in exhibition panels separate from partners’
experiential design work. In Rochester, students created an online exhibition website to
display course outcomes, including interactive prototypes, the built exhibition in Doha, and
a collection of interactive books created by both classes. While the process of creating a
website ensured that the Rochester students became familiar with the Doha exhibition
designs, the students in Doha felt separated from the process due to the fact that their
semester ended earlier. Even further, some partnerships were burdened by course
requirements, with individual learning outcomes prioritized over partner requests for
project feedback or other contributions.
Along with a lack of appreciation towards the potential benefits of collective projects,
students in the fourth exchange had difficulty understanding how they could support
mutual progress considering their different topics or design approaches. Students’
dismissive attitude was particularly disappointing because this was the only virtual IDC
cohort within this study able to regularly converse via real-time video chat. As previously
mentioned, consistent synchronous communication supported the development of more
multi-dimensional relationships between these students, but functional communication
was not enough to overcome deficiencies in organizational structure.

Figure 3

Mohammad Jawad and Abdul Rahman of Virginia Commonwealth University Qatar (class
of 2015) give a videoconference presentation with their partner, Rochester Institute of
Technology student Liz V. Wells (class of 2015).

1310

Experiential elements of high-to-low-context cultures

Course timing, tools, and planning are critical areas for faculty to take into account
when devising IDC projects. Virtual IDC between students with more than an 8-hour time
difference may necessitate increased use of asynchronous communication methods such as
email to facilitate discussion. As the time difference decreases, the introduction of
synchronous communication (video chat, text chat, SMS) can improve relationships
between participants. The learning outcomes embedded within each course also play a
significant role in the collaborative possibilities of collective projects, as well as the added
strain upon students. IDC between different courses is certainly possible and worth the
effort, but clarity of project parameters and organizational structure directly impact
whether students feel burdened by the collaboration or empowered by its possibilities.

Agency
People’s ability to control, or at least influence, decisions about the things that impact
their communities and themselves (Tunstall 2000).

According to Hall, in a low-context culture, ‘agency’ could translate to a sense of selfefficacy in people’s ability to influence or change things that affect their communities and
themselves. In a high-context culture, ‘agency’ is a way to describe how actions as
individuals can directly contribute to, or detract from, group harmony (Hall, 1976). In
examining the four exchanges of this study, there is a strong correlation between students’
sense of individual agency and the organizational structure of both the combined
community as well as the individual courses. Several instances illustrate how students’
individual actions affect the larger group and the level of awareness regarding the impacts.
During both collaborations between students in San Francisco and Dubai, students
received very detailed project briefs. While students had some creative choice, and
exploration was encouraged, subject matter and media were predetermined and assigned.
Because both collaborations occurred between groups of introductory-level design courses,
limiting students’ agency in terms of selecting subject matter and form reinforced the
overall organizational structure of the course. Removing project ambiguity enabled
intercultural pairs to comprehend, communicate, and cooperate with each other
immediately.
Simplifying some of the challenging guesswork of project formats enabled students to
focus on the inherent logistical complexities of the exchange. Managing an asynchronous
interpersonal connection and challenging themselves to be creative within the imposed
guidelines was difficult, but rewarding. Although two exchanges shared this common
approach, the full-semester collaboration was more successful than the single-project
collaboration. The single-project collaboration felt rushed to some students and did not
allow the same amount of time to cultivate relationships between partners. However,
surveys assessing the collaboration’s effectiveness revealed that students who participated
in single-project collaborations also valued the exchange; students noted that it increased
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their knowledge and awareness of their partners’ country. If the project parameters had
been more vague or open to interpretation, these single IDC projects would have likely
been ineffective from an educational perspective and far more frustrating for the
participants.
Unlike the previously described courses, the IDC projects between Rochester and Doha
involved senior-level students in elective courses. Because they were working at an
advanced level, seniors dealt with more ambiguity. Their sense of design agency is more
developed than that of underclassmen, indicating that course parameters should challenge
them accordingly. Advanced students not only conducted research before selecting specific
topics, but were also compelled to leverage topical, contextual, and audience research to
determine appropriate design interventions. Meanwhile, the organizational structure of the
individual classes prompted physical exhibition designs (Doha) and digital interaction
designs (Rochester). The instructors saw this as a fantastic opportunity for students to cross
over and explore virtual and physical realms; to challenge preconceived notions of
‘exhibition’ and ‘interaction’ design. However, students’ perceived limitations of the course
descriptions seemed to hinder their sense of agency in their inability to reinterpret existing
definitions.
One positive outcome of the seniors’ enhanced agency was in response to self-defined
subject matter and media. Although this approach resulted in some challenges when
creating teams across the two classes, on an individual scale, most students seemed
engaged and satisfied in their subject matter. Most appreciated the learning experience
afforded by working to determine an appropriate format for their design concepts.
Moreover, insights gained from collaborative approaches encouraged partners to explore
design solutions they would not have otherwise considered.

Historical Consciousness
People’s understanding of where they come from and who they are. Their ability to
openly express their history and to find themselves in the public image of their
community affects the degree to which they feel they belong to that community
(Tunstall, 2000).

In Tunstall’s model, historical consciousness plays an important role in explaining how
each culture views itself, and the other, through personal and community history. Crosscultural collaborative opportunities provide a chance for university students to begin a
dialogue, collectively demystifying topics such as clothing and physical appearance, family
relationships, local cuisine, and cultural traditions. By overlaying Hall’s cultural translations
with Tunstall’s model, historical consciousness in a low-context cultural setting (such as
North America), points to a community history constructed through factual records,
academic learning, and knowledge imparted from friends and family. Individual
achievements, such as employment and educational experiences further validate personal
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history. In high-context culture settings (like the Middle East), however, trust-based
relationships with friends and family members primarily validate one’s interpretation of
community history.
A continuum of course-oriented historical understanding plays a vital role in building
trust and knowledge between teams. As mentioned in the discussion of relationships,
creating a shared online space to bring the two classes together is beneficial to building
trust and accountability between partners. These communal spaces have a positive impact
on students’ sense of historical consciousness and contribute to a holistic view of the
community, rather than a collective framed by two separate halves. During all four
collaborative experiences within this study, students struggled with varying degrees of
comfort in uncovering personal and collective community histories. Creating an online
representation of the combined community prompted a shift in perspective from the
abstract idea of collaboration to a more concrete representation of partnership.
Projects that support exploration into the historic implications of community can also
encourage a mutual recognition of students’ sense of belonging. For instance, one teambuilding activity within this study asked partners to photographically define their city based
on assigned word pairings such as ‘historic/modern.’ Each team was required to defend
their choices in writing, exchange their thoughts and visuals with their partners during a
‘trade’ of resources, and share their outcomes with both classes using blogs. This activity
was successful in that it emphasized definitions of space and place, but also worked to
encourage descriptive storytelling between team members. The visual outcomes sparked
dialogue between cultures and highlighted mutual interpretations that worked to lower the
imagined barriers between students.

Life Goals
People’s articulation of what matters most to them. These are often things like helping
other people, having an impact, supporting friends and family, and professional
development (Tunstall, 2000).

Low-context cultures count personal, educational and professional accomplishments
among their primary ‘life goals,’ whereas high-context cultures find preserving and working
toward the best interests of the collective as an important life accomplishment (Hall, 1976).
Within IDC, cultural differences are often diminished due to shared educational and design
goals of assigned projects. Given these parameters, students are somehow more willing to
look past differences, even between cultures that conventionally seem at odds. Graphic
design's common processes, methods, and outcomes support similar life goals and
organizational structures. These common lenses through which to view a project encourage
students to align across kindred goals while learning to work in a multinational professional
environment.
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Even further, when high- and low-context cultures work together in a classroom setting,
their seemingly disparate life goals often align when working in the area of sustainability,
social design, or public interest. Cultural needs are satisfied on both ends of the continuum
by fulfilling a desire for honing professional skills while working towards the best interests
of the collective. Therefore, faculty who integrate projects for the ‘greater good’ with
tangible outcomes that enhance students’ portfolios can often support meaningful life
goals for all participants.

Conclusion: Expanding the Model & Next Steps
Tunstall’s ‘Five Experiential Elements of Community’ provides a useful structure to
examine critical components of two distinct classrooms and the digital community formed
during virtual IDC. However, there are two important factors to consider as additional
elements for structuring and evaluating this unique type of collaboration in an educational
setting: communication and design outcomes. These considerations are important both in
explaining the value of collective projects to students and in enhancing activities to prepare
the two classes to work together.

The Role of Communication Competency
Communication plays a strong role in establishing and conveying all of the elements of
community; without it, the element of ‘relationships’ would not exist. In the course of this
study, one particularly effective approach for facilitating communication is to address such
potential barriers out in the open at the very beginning of the collaboration.
Within each distinct classroom, students engage in a stream-of-consciousness
brainstorming session, during which they write a series of ideas and impressions of the
other culture. Using sticky notes and a whiteboard, they are prompted first to write facts
(what they know factually, and where or how they learned it). Next, they write out their
assumptions. Finally, they write other people’s opinions—what they believe others think of
that culture. The session is fast-paced, encouraging students to aim for volume so that they
do not take too much time to overanalyze what they write before putting it on the board.

Figure 4

Design students at Rochester Institute of Technology organize sticky notes after a
brainstorming session.
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As opposed to gathering suggestions aloud from students and writing them on the
board, a sticky-note approach enables a level of anonymity. With numerous ideas on the
board, it is difficult to discern which student wrote which notes, enabling participants to
feel less afraid to write unfiltered thoughts. Once all the facts, assumptions, and opinions
are posted on the wall, the class categorizes and analyses the notes. This activity is often an
eye-opening process that leads to fruitful discussions within (and across) both classes. An
interesting follow-up is to repeat the activity after the classes have a chance to meet and
converse, enabling students to examine how their impressions and opinions may drastically
change within a brief period.

Figure 5

An array of sticky notes created and sorted by design students at Virginia Commonwealth
University Qatar.

In many cases, the sticky-note exercise permits students to confront and quickly move
past their initial assumptions and opinions of the other culture. Using this exercise at the
beginning of the third and fourth exchange put students at ease with the idea of the
collaboration and encouraged IDC partners to establish a rapport. Students immediately
took interest in talking to their partners, perhaps because they had already confronted the
spectre of stereotype. Certainly, however, there are logistical impacts upon successful
communication as well. Recognizing and appreciating the way another culture
communicates, including the importance of agency and organizational structure to
relationships, is paramount to creating a successful connection. Individual characteristics
such as introversion or extroversion also play a role, and in some cases when two
introverted students end up working together, communication can be especially difficult.

The Language of Design
In addition to students’ specific concepts and communication strategies, the value of
design in facilitating cross-cultural learning and understanding is underscored in this study.
Although visual communication design curricula vary greatly, most are inherently aligned in
their attention to the importance of typographic, imaging, and interaction design skills for
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professional readiness. Designers share a basic familiarity with design methods, research
and processes in formal terms, as well as strategies to making meaning with respect to
audience, semiotics, theory, and history. Students with similar lexicons can, therefore,
communicate immediately based on shared professional vocabulary and training. A
common lineage in design education was a unifying factor across most students in this
study, and although a few reported that they did not find working with a cross-cultural
partner useful or beneficial, feedback was generally positive.
The popularization of ‘design thinking’ as a system of inspiration, ideation, and
implementation provides equal footing for conversation and teamwork between students.
Applying processes of design thinking within a collaborative classroom environment can
further encourage students to develop new levels of proficiency with communication
methodologies. Challenging students to consider audiences and users in different cultural
contexts better prepares them for future collaborations designing with (and for) other
cultures.

Future Research: A Classroom Tool
The integration of ‘communication’ and ‘design’ into Tunstall’s experiential elements of
community are two important additions to consider when approaching IDC in the
classroom. Attaching these approaches to the model can increase effective communication,
work to break down perceived barriers, and promote the shared goal of effective design
outcomes. For future research, the practical application of these combined methodologies
within the classroom environment could be a useful addition to IDC. The approach could be
modified for use as a classroom tool prior to collaborations, not just a retrospective
analytical lens to evaluate the effectiveness of different exchanges. Before class
introductions, students in each class could define each element and track how definitions
and values shift as the classes work together to create their new imagined community.
As a next step, the instructors hope to create a tool to help students assess their cultural
predilections prior to working together. In this manner, students can start thinking about
the partnership—and the two distinct classrooms—based on a high- and low-context
continuum as well as core digital community elements. An appreciation of the basic units of
community from the perspective of relationships, organizational structure, and historical
consciousness can guide discussions on attitudes towards life goals and agency with respect
to the classroom, education, and IDC. This may be a more successful way to match partners
across classes than teams based on personality types, interest in subject matter, or random
selection. It could also serve to give individuals a better sense of their own priorities,
strengths, and weaknesses before embarking on a cross-cultural collaboration.

In Summary
At the university level, IDC can encourage students to learn empathy and appreciation
for different cultural perspectives through relationship-building activities supported by
design thinking. With the introduction of Edward T. Hall’s high-low-context cultural
continuum, students may gain insight into their contextual relationship to communication,
thought, feeling, and behaviour systems. Framed by Tunstall’s ‘experiential elements’ of
digital communities (2008), in combination with ‘communication’ and ‘design,’ these types
of interactions aim to provide students with the multicultural sensitivity needed to navigate
diverse audiences and partnerships. Design students should emerge from the IDC
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experience with increased knowledge about themselves and what it means to communicate
and work together with someone positioned elsewhere along the cultural continuum.
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Abstract: In recent years a growing amount of scholarship has emphasized the
potential for collaborations among universities, industries, and governments to
foster innovation and economic development. Indeed, research networks have
been described as an important way to generate knowledge within the context of
application — or what is known as Mode 2 Knowledge. Often the planning and
analysis of such networks takes place on a macro-level, while the on-the-ground
practices receive less attention. In this paper we off reflect on the experience of
the DESMA Initial Training Network from our perspectives as Early Stage
Researchers. The purpose of this paper is to connect the high-level structure and
objectives that went into the DESMA network with the way we learned research
and created knowledge. Our reflections lead to the finding that the structure of
both the network — and the organizations within it — supported research
approaches and relationship that generate particular, and often tacit forms
knowledge, which often remains outside the valuation practices of industry and
academia alike.
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Introduction
After receiving funding in 2011, the partners of the DESMA initial training network
convened in a small town outside Milan, Italy during November of 2012 to kick-off the
three-year program. The two-day meeting brought together Early Stage Researchers
(ESRs), representatives from each of the company partners — a mix of small design
consultancies and industrial corporations — hosting a researcher, and several members of
the academic advisory board from four different universities across Europe. A network that
acts to connect design (DES) and management (MA) disciplines, DESMA was established to
support the investigation of design as a driver of innovation within Europe. Over the course
of three years this group has pursued the objective of creating and supporting ‘a new
generation of design management researchers who possess a deep understanding of the
two field’s respective languages, epistemologies, and practices, as well as the different
perspectives of academia and practice’ (http://www.2020-horizon.com/DESMA-Design-asdriver-of-innovation-and-competitiveness(DESMA)-s2644.html). Additionally, the program
has been an effort to foster ‘a common platform for progressing design management
research in Europe that will live long after the end of this project.’ Departing from the
complex set of partnerships and ambitious aims established at the outset of DESMA, the
Early Stage Researchers began an educational journey spanning multiple countries,
institutions, disciplines, and practices. Now well into the final year of funding, the two of us
— both ESRs in the training network — have chosen to step back and take stock of our
time within DESMA as a way to position our experience in relation to current and future
landscapes of design, management, research, practice, and education. In the following
sections we reflect on DESMA as a network, particularly focusing on the relationship
among the structure of the network, the objective to develop a platform to advance design
management research, and our training experience as ESRs.

Overview of the research network
DESMA belongs to the category of a Marie Skłodowska-Curie Actions Initial Training
Network (ITN), a funding framework supported by the European Commission to provide
training for Early Stage Researchers and commonly consists of universities, research
institutions, and businesses. While the format for the ITN varies from project to project,
DESMA consists of four European universities and eight industry partners, each hosting one
ESR at the doctorate level (Figure 1). As such, DESMA represents a type of institutional
network that offers doctoral studies across national borders and showcases the
internationalization of higher education at large (Altbach & Knight, 2007), as well as a
Triple Helix partnership of university-industry-government (Etzkowitz & Leydesdorff, 2000).
The term ESR refers to researchers that do not yet have a doctoral degree and have less
than four years of research experience. All 12 researchers within DESMA have individual
research projects that we shape in partnership with our respective host institutions, but all
12 projects relate in some way to design and management. Therefore, as ESRs, we have a
responsibility to manage our individual research projects while also connecting to, and
expanding upon, ongoing discussions about Design Management as a field.
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Figure 1: Core network of DESMA

Geography of the partners
Spending most of our time living and working near our network partners, the ESRs are
spread out across five countries and seven cities: Copenhagen, Gothenburg, Helsinki,
London, Milan, Rotterdam, and Stockholm. As such, we have experienced various degrees
of face-to-face interaction. Some ESRs live in close proximity within the same city — a few
even periodically sharing the same office — while others ESRs reside hundreds of
kilometers from their nearest colleague. Additionally, several of us enrolled as PhD
students, which has led to more frequent contact with other ESRs who are connected to
the same university, and at times the same advisors.

Training courses
Roughly following the work package outlined for the network, the first two years of the
ITN involved the group convening every three to four months for week-long training
courses hosted by the respective university partners (Figure 2). Each course revolved
around a topic related to design and management, but built upon the focus of the research
program of the university running the course. Thus the University of Gothenburg offered
an introduction to Design Management and a course on Design Methods; Politecnico di
Milano provided training on Design-Driven Innovation — with an emphasis on innovation
of meaning; Aalto University ran Design and Brand Experience, as well as Multidisciplinary
Teamwork; and Imperial College London covered Service Design & Entrepreneurship.
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Scale of the network
Starting from the core of 12 ESRs and our 12 respective sponsors (i.e., people
representing either the university or industry partner that hosts a researcher), the training
network has grown to a total of 41 official members. The academic supervisors of the ESRs
have also become members of the network and an additional 17 people were selected as
advisory board members to provide guidance based on design management expertise in
academia or industry — or in some cases both. Furthermore, one person came on board as
a hired project coordinator and communication manager to assist in managing stakeholder
relations, communicating to the network members, and aligning the various activities that
have been organized by individuals or subgroups within the network.

Figure 2: Timeline of in-person network gatherings
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Findings
In this paper we present a reflexive account of our participation in DESMA for the past
two and a half years. As two of the 12 ESRs in the training network, we see our proximity to
the context under study as a way to generate practical and useful knowledge based on the
phenomena we observe (Brydon-Miller, Greenwood, & Maguire, 2003). Additionally, since
we have been actively involved in shaping the current development of the network, our
reflections aim to ‘uncover or produce information and knowledge that will be directly
useful to a group of people’ (Berg, 2004, p. 197). Departing from our individual positions as
researchers, we recognize that our findings provide only a partial view of a complex
situation. We intend, therefore, for this paper to play only one part in a continued inquiry
into DESMA as an initial training network and source of knowledge creation. As a first
effort at unpacking a rich experience, here we examine two aspects of DESMA: the
structure of the network in terms of training and research positioning, and the objective to
develop a ‘platform’ to advance design management.

Network structure and individual research projects
A number of factors shaped the way the ESRs related to each other over the course of
the three years — some of which existed coming into DESMA and others that evolved
through interactions shaped by the processes of the network. Indeed, many of our
experiences were affected by the arrangements established before we even began our
training. For instance, agreements about locations of training courses, and the people and
programs responsible for teaching various content were put in place during the initial
project proposal submitted to the European Commission. Here we explore how the
structure of the ITN shaped our research training in design management in two ways. First
we focus on thetraining courses hosted by each of the four university partners. Second we
look at the positioning of our individual research projects. We draw particular attention to
the relation between the structural plans and the social realities of a research network that
plays out across diverse locations and institutional environments.
D IVERSITY OF T RAINING
The first two years of the DESMA training program included six courses distributed
amongst the four universities. These week-long courses offered the chance for us —
primarily the ESRs, but occasionally members of the management team — to gather in one
location to learn, discuss our research, and plan the activities of the network as a whole.
Revolving around different topics related to design management, each of the courses took
a different angle on design and/or management, depending on the prevailing research
practices of each department that hosted us. Indeed, the transition from the first ITN
training course hosted by the University of Gothenburg to the second course hosted by
Politecnico di Milano illustrates the range of perspectives we experienced as Early Stage
Researchers.
The first of our DESMA training experiences, the ‘Perspectives on Design +
Management’ course in Gothenburg aimed to introduce some of the key challenges and
opportunities for doing research in the area of Design + Management. Two professors led a
course just for our small group of ESRs, with an agenda that featured lectures from both
industry practitioners and seasoned academics in design management, with ample time
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scheduled for group discussion. In preparation for the course we read literature from
prominent figures in design such as Buchanan (1992) and Brown (2008), as well as articles
focused on design, but written by management scholars such as Romme (2003) and
Stigliani & Ravasi (2012). From the outset the course leaders offered classical pragmatism
as an example of a perspective that could inform our research in design + management. At
the same time, for many of us, the course served as an initiation into various ontological
and epistemological strands underpinning scholarship in design and management. Overall,
our first training experience fostered conversation about design + management at a
philosophical level.
Our second course in the training program took place at Politecnico di Milano on the
subject of ‘Design-Driven Innovation.’ For this course, we joined over 50 other PhD
students from Politecnico, many from the department of Management, Economics and
Industrial Engineering at Politecnico. Again the format included a variety of presentations,
but all from the realm of academia. For this course, the literature primarily revolved
around technological innovation, and included work by Abernathy & Clark (1985), Verganti
(2011), and von Hippel (2006). During the course we covered a brief history of innovation,
which included various perspectives on new product development practices and gaining
competitive advantage in the marketplace. Throughout the week the course leaders
emphasized research on innovation management through innovation of meaning, but also
incorporated other perspectives through guest lectures on open innovation and userdriven innovation practices. Overall, however, the course presented a stronger perspective
on the relation between design and management than the first. During our course in Milan
we had less formal class time for open discussion and reflection, and we spent less time
working through the ambiguity surrounding design + management as a group. Still, during
informal moments such as break times or dinner conversations, we continued to question
perspectives on design and management, especially in the realm of research and
contributions to knowledge.
These two courses at the beginning of our training in DESMA already began to surface
questions about Design Management as a field. Yet the compressed time format of the
courses — we met for five full working days in a row — and the early stage of our research
training made it difficult to unpack these issues as a group. Additionally, few people in the
group had established a research question, while some of us were simply trying to clarify
our interests. During these times we began asking ourselves questions like, ‘do these
concepts fit with our views on design? management? research?’ As such, the courses had
the potential to act as foils for us to develop a common identity as a network. More often
than not, however, we left our training with our questions still haunting us. While we
became familiar with some aspects of the history and concepts of ‘Design Management’
we continued to grapple with how to position our work — individually and as a group — in
relation to traditions of design and management research and practice across academia,
industry, and consultancy.
P ROJECT P OSITIONING
As described above, the setup of the network stationed several of the ESRs directly
within companies. Our positioning within companies meant we had to navigate
simultaneous commitments — often spread out across locations. We moved frequently
across contexts with different working rhythms and routines, which became a significant
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factor in our approach to research. During our time in DESMA we received training in
scholarly activities such as articulating research methodology, analyzing empirical data, and
developing theory— which demand skills developed primarily through the sustained
practice of writing academic texts. Yet, neither the business world, nor the academic world
went on hold while we left to attend a course or faced a deadline for a client project. Over
time we have found that our positions between academia and industry have affected our
training in terms of the approach we took in our research, and in turn, the framing of our
research contributions.
Early on those of us hosted by a company had to make methodological choices that
shaped not only the way we conducted research, but also our day-to-day interactions with
people in the organizations around us. For example, one of the authors, who is positioned
in a professional design consultancy deliberately wanted to avoid making his company the
subject of his research investigation. While a research project focused on the company
held the potential to yield rich insights about the practices of contemporary design — and
may have made it easier to establish roles and relationships throughout the inquiry — he
instead sought to take a more collaborative approach. Along the same lines as action
research (Swann, 2002) he saw the potential to use research-through-design approach
(Zimmerman, Forlizzi, & Evenson, 2007) to connect his individual research project to the
design practice of the office. A more collaborative approach also offered the added bonus
using his research to create immediate impact for the company. Naturally, the choice to
pursue something like research-through-design carried its own challenges, such as finding
an appropriate project to participate in, and participating in a way that accommodates
‘checking out’ every few months to attend a DESMA training course, or course for a
university. Influenced by his position in professional practice, therefore, he has continually
attempted to follow an approach that serves his focus of inquiry — methods for codesigning — while a making practical contribution to his research context.
The process of moving back and forth among different settings has continually raised
questions around what, how, and when we contribute to the organizations hosting our
research. As a group, we have often discussed our desire to conduct research that provides
something interesting and useful for practice sooner rather than later. At first, many of us
saw our contributions as the ‘results’ or ‘findings’ we produced through our individual
research projects. Over time, however, we broadened our perspective on how we could
contribute to practice. Through meetings and conversations with the company partners,
we learned that our best chance to contribute might not be in the production of a final
deliverable, but in day-to-day engagements with the perspectives and knowledge around
us. Indeed, we found that the ‘translation’ between research and practice does not only
occur through appropriate forms of dissemination academic insights, but also includes us
talking together with the practitioners we work alongside.
Over the course of our research training we began to identify with each other’s
experiences. We started to face similar situations in our work, like, ‘should a project
manager schedule a project meeting around the fluctuating schedule I have as an ESR?’
Our meetings together as a group provided an open forum to share the difficulties we
experienced managing coursework, half-formed research topics, demanding supervisors,
and fast-moving industry partners. More than just therapy sessions, our group interactions
substantially shaped the way began seeing our contribution to knowledge. Discussing our
experiences as ESRs has brought into focus the moments where we truly feel as if we’re
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generating insight through our research — moments that often revolve around conversing
with the practitioners of our partner organizations about our raw, unpolished, in-progress
research training and projects.

Building a platform for ‘design management’
At the start of our time with DESMA we were given the open-ended brief to create a
‘common platform for progressing design management in Europe.’ From the outset, then,
we began to discuss how to start building this ‘platform,’ which quickly led us to working
through possible meanings of ‘design management.’ We did several exercises with the
intention of building a common understanding amongst the ESRs about: the field(s) we
work in; the terminologies used, not only within design and management, but also within
academia and industry; and where we see ourselves and DESMA as agents amongst these
traditional thought worlds. While these exercises may have not led to consensus about the
meaning of design management, they proved important for our perspectives on the aims,
approaches, and contributions of our research. Below we present how our efforts to brand
the platform and relate it to established organizations of design management affected our
engagements with academia and practice.
D IFFERENTIATING A DESMA P LATFORM
As part of our first get-together in Milan, the management team asked each ESR to
come up with four proposals for initiatives that could facilitate knowledge exchange and
build synergies across the people within the network, and/or reach out to communities
and people outside DESMA. Ideas included: hosting co-creation events at the industry
partners’ offices; developing an online platform where ESRs could share their research
progress, provide feedback, and support each other; hosting an exhibition to present
research findings; and discussing topics related to design management via online channels.
Our activities at the initial stages of the network fostered a desire to first develop the
network internally by strengthening relationships among the parties involved, before
reaching out and establishing a more open platform. Therefore, we wanted to understand
the perspectives and expectations held by different stakeholders within the network. For
one workshop we co-created future newspaper articles to capture our interpretations of
the hopes and fears for the DESMA network from the perspectives of the ESRs, academic
institutions, and industrial partners (Figure 2).

Figure 2: Identifying expectations from different network members.
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Written from the perspective of the company, one of the groups described a desire to
question the future of design practice, but also expressed concern that companies will not
understand the dissertations produced by the researchers. This activity helped reveal not
only our personal expectations, but also our assumptions about the expectations of the
different stakeholders within the network.
Toward the end of the first year we made efforts to firmly position ourselves, holding
several activities aimed at exploring the purpose and identity of DESMA as a platform.
Acknowledging the existence of several networks with similar interests to ours — including
the Design Management Institute, the DESIS network, and the Service Design Network,
among others — we wanted to find common ground with established communities to
explore potential ways to link our work with theirs. At the same time, we intended to
identify the unique value that differentiated us from existing networks. After collecting a
list of relevant research networks, we discussed their respective target groups and value
propositions, and looked at how they describe themselves. This starting exercise focused
on understanding the language and channels similar networks use to communicate with
their interest groups. We continued efforts to establish the platform by holding a
workshop to develop a brand for DESMA. Starting with visual metaphors to describe the
character of DESMA, we created moodboards, discussed the language and the channels we
wanted to use in our communication, and started to define specific initiatives for
strengthening the platform, and disseminating the knowledge we created to the interest
groups we were targeting.
Along the way, we realized that the DESMA industry partners were not as involved in
the conversations we had within the network as we had anticipated early on. It became
clear that the companies had an interest in the work of the individual ESR they were
hosting, but it seemed that their participation in the network as a whole brought little
additional value. In an effort to find out what the industry partners hoped to gain from
their participation in the network — and potentially increase their active participation in it
— we held a co-creation workshop together with representatives from the industry
partners. We targeted the workshop toward the value DESMA could bring to the partners,
and what activities might make DESMA more relevant for practitioners. Back at the
drawing board we mapped out the different stakeholders and the way in which DESMA
could position itself in order to serve both academic and industry needs (Figure 3).
By better understanding the partners’ interests in DESMA we intended to increase the
value they found in the network, while stimulating their active involvement and
engagement with other DESMA members. During the workshop — with the company
representatives ‘around the table’ — we took the discussion beyond individual projects
and developed ideas for all stakeholders to benefit from their DESMA membership. At the
same time, however, we acknowledged the priority to develop the individual research
projects of the ESRs, and the specific contributions expected of each partner in the
network. Thus over the first year of the network we made continual efforts to identify the
value DESMA could offer before undertaking any significant initiatives to build a platform.
Although initially it seemed as if these activities offered little by way of progressing our
research training, over time the discussion fostered an action-oriented ‘learn-by-doing’
approach toward knowledge creation and dissemination.
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Figure 3: Mapping out DESMA target audience.

R ELATING DESMA TO D ESIGN AND M ANAGEMENT
Since DESMA as a research network explores the territory of design ‘plus’ management,
we went through various iterations to position our individual research projects in relation
to one and another and the existing work in the area of Design Management. The position
process revealed a need for a common understanding of the discussions we as DESMA
intend to take part in and what we have to contribute to discussions about design and
management. This led us to pursue a variety of activities for defining current discourses of
Design Management (Erichsen & Christensen, 2013) or discourses we thought should
happen regarding the relation of design and management — e.g. do current descriptions of
the area known as ‘Design Management’ fit the emerging interests and concerns of our
group and society at large?
From the start, the DESMA partners were grouped into four thematic clusters, aligning
to the research expertise of each partner university as follows: Design and Brand
Experience (Aalto University School of Business), Design-driven Innovation (Politecnico di
Milano), Service Design and Entrepreneurship (Imperial College), and Design Methods
(University of Gothenburg). Each cluster has supported three ESRs based on the initial
framing of their research project. During our second year in DESMA, however, we began to
find that the clusters did not quite capture the relationships among our individual research
projects. Even though all of the names of the original clusters had the term ‘design’ in
them, our particular research projects had led us to seek commonalities around interests
more than subjects or fields. Indeed, part of the challenge laid before us at the outset of
DESMA involved question current descriptions of ‘design management’ in order to rethink
prevailing understandings of the relationship between design and management.
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Departing from our individual projects seemed like a way to ground a new platform for
design and management in the concerns of contemporary practice. Thus, based on the
phenomena each of us observed while conducting our individual research projects at our
partner organizations, we developed sub-groups based on themes that emerged among
the 12 of us during our research. Since in our on perspectives on design management
relate to a wider discourse than managing design practice, or managing as design, the
three themes we decided upon incorporate topics such as communication, organizational
culture, and context:
 Collaboration: One building block we defined as a crucial to the discussion of design
management revolved around methods for communicating and interacting with users
and experts outside the organization. We also seek new ways to evaluate the value of
collaboration in terms of practical relevance and potential impact.
 Magic: This theme explores what it means for organizations to remain creative and
sustain a culture of ‘magic’ — in other words to foster an environment that enables
people to experiment and create new opportunities that grow out of the intersection
between design and management.
 Reframing: The third theme that emerged concerns approaches for reframing given
problems. This group explores reframing in different contexts and at different scales
and touches upon new ways to understanding reframing practices in both the design
and management practice.
Recognizing that our projects constantly evolve and new thoughts always emerge as we
gain new insight, we agreed to avoid rigid definitions for these clusters. Rather, we opted
to let our descriptions of them evolve alongside our projects. In addition to the
interpretations that led us to the formation of these themes, we began reaching out to
other communities — academics and practitioners alike — to further develop our thoughts
on the intersecting, overlapping, blurring territories of design and management. We began
emphasizing engagement with people in online discussions, presenting our projects in
diverse events and formats, and openly sharing our opinions in order to stimulate further
conversations about topics of concern to us and our partner organizations, rather than
discussing design management per se.

Discussion
The practical reflections we have presented about our experience in DESMA open up
several opportunities to better understand how the structure of a network shapes the
possibilities for research training and knowledge creation across disciplines as well as
academia and professional practice. For example, we felt successful in contributing to
practice through our translation of academic research during our time together with
practitioners, getting to know and understand each other (Shapiro, Kirkman, & Courtney,
2007). On other occasions, however, we felt at a loss for how to engage practice from our
position as early stage researchers. Before evening beginning our investigations, some of
us spent several months simply framing an appropriate research project. Yet by the end of
the first year many partners were eager to learn what we had discovered over those 12
months. Thus, throughout our time in the ITN we encountered evolving perspectives on
the collaboration, which have led to the opening and closing of avenues for us to create
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knowledge through our research. Thune suggests viewing the value of network
membership as social capital and states that ‘mutual obligations, trust, access to
information, common understanding, opportunities, status and reputation are examples of
social capital resources that are available through membership of networks’ (2007, p. 160).
Our experience in DESMA also highlights how the complexity of ‘membership’ in the
network led participants to engage the social capital resources in different ways, thereby
influencing the way knowledge creation played out over time. For instance, one of the
authors conducting his research about usability has been asked to contribute insights on
usability to project teams working on the development of new products. The expertise he
developed while conducting his research project, along with the recognition he gained by
being a guest researcher from DESMA, added to his social capital within the organization
and enabled him to contribute in new, and unforeseen, ways to the company.
Throughout the training courses, as well as our efforts to establish a common platform
for design and management research, both strong and weak ties emerged among
members of the network, which in turn affected the way we contributed to practice. For
instance, meetings where we shared our research interests or looked for emerging themes
amongst ourselves were moments where we exposed each other to information that we
would not have otherwise encountered within our respective research settings and
university hubs. After Pilbeam and Denyer, therefore, we recognize that ‘strong ties
provide social support, and also facilitate the communication of complex information,
while weak ties help to ensure extensive coverage of literature and wide-ranging
reflection’ (2009, p. 314). Indeed, the training network supported the development of
weak-ties, as seen during moments where an ESR exploring usability of medical equipment
could reflect on innovation with someone pursuing research on interpretation of meanings
in technological development. Over time we grew to value our group meetings as a rich
source of inspiration and invigoration, leading us to see how weak-ties offer the potential
to access new information (Pilbeam & Denyer, 2009). At the same time, however, this
meant that we were often pulled to go outside traditionally defined zones of what
constitutes a contribution to knowledge. At least one potentially fruitful collaboration
among ESRs faced significant hurdles due to social ties: one of the ESRs was enrolled as a
PhD candidate in a university with strong analytic perspective on research that did not gel
with the other ESR’s more exploratory and generative approach.
Finally, our reflections on the DESMA initial training network highlight how the
structure of the network promoted interplay between explicit and tacit knowledge
creation. The structure of the network put many of us in a position where we confronted
presumptions about the contribution of research to practice — primarily in the expectation
of clearly formulated insights that could be utilized by various partner organizations. For
us, however, much of the knowledge fostered by the network came in the form of tacit
skills and understandings, not explicit results. Here we see Nonaka and Konno’s notion of
‘socialization’ at work, whereby ‘tacit knowledge is exchanged through joint activities —
such as being together, spending time, living in the same environment — rather than
through written or verbal instructions’ (1998, p. 42). Importantly, for us, the knowledge
generated did not always revolve around our particular research investigations. During the
time spent at our company partners we have had the chance to discuss with practitioner
colleagues about the existing theories, worldviews, and ethical dilemmas that we
encounter during our research training. While such conversations may lead to new insight,
1330

Research Training in a DESign+MAnagement Network

they also have the potential to foster communication skills for both researchers and
practitioners. While ultimately we have found this tacit knowledge valuable, it remains
difficult to articulate explicitly — let alone quantify — in a way that fits within many
institutions frameworks for assessing value.

Conclusion
With the launch of major research funding programs like the EU’s Horizon 2020 and the
growing popularity of concepts such as Mode 2 knowledge production — which emphasize
transdisciplinary research that generates knowledge within the context of application
(Nowotny, Scott, & Gibbons, 2003) — we expect to see a rise in networks like DESMA in
the future. Indeed, connecting research, industry, academia, and business, appears to offer
significant potential for addressing the ‘Grand Challenges’ of the 21st century (Lund
Declaration, 2009). By sharing our reflections we hope to bring forward many of the messy,
tacit, yet important, ways in which we generated knowledge in DESMA, and in doing so
provide grounding for discussions about the value of complex research training networks.
Our account here also seeks to position research training networks in relation to
conversations of knowledge creation, especially within the overlapping and expanding
territories of design and management. As a way to increase the learning and impact of
networks similar to DESMA, we suggest participants establish practices of reflection
amongst partners that draw attention to the relationships among network structure,
objectives, and research practices. Indeed, formats such as DESMA may challenge practices
for evaluating research contributions that exist within the participating organizations,
thereby requiring learning for all parties involved. Additionally, future networks may
benefit from agreements among partners at the outset to make provisions for the training
program to work with existing institutional processes, regulations, and expectations.
On a last — and perhaps most relevant — point we also see the potential for our
accounts to advance research training in design and management. The growing interest in
cross/multi/trans-disciplinary collaborations suggests that design research training may
increasingly take place through networks such as DESMA. Rather than trying to construct a
platform on which we all can stand, by focusing on the relationships among our individual
research interests and our connections to practice we have found new perspectives
starting to emerge that connect theoretical insight with practical issues. Such integrated
perspectives, we believe, can support research in new territories beyond the traditional
arenas of design and management that appropriately addresses the complex and emergent
challenges of practice.
Acknowledgements: We would like to thank all of the DESMA ESRs,
management team, and core partners who contributed to the development of
the thoughts in this paper.
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and in critical situations. These issues are examined in the context of a design
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2013). We present what happens when two seemingly divergent concepts come
together: examining design solutions for a humanitarian crisis, and doing so
using light, colour and form as foundational elements. Students are exposed to
severe contexts and learn to apply theoretical concepts to practical issues.
Design learning in this context engages students in issues of ethics and
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Introduction
Unrest and strife in the world leads to humanitarian crises that can be political,
economic or religious. As people flee under stress to refugee camps, these camps are ill
equipped for the realities of living that, while meant to be temporary, often become
permanent home to thousands, indeed millions of people who are forced to live under
duress and in critical and often inhumane lived situations. These issues are examined in
the context of a design workshop developed within a theory course on light and colour,
exploring humanitarian design for a refugee camp from the perspective of visual sensemaking (Van Patter & Pastor, 2014) and integrating humanitarian approaches (Yacoub,
2013). We present what happens when two seemingly divergent concepts come together:
examining design solutions for a humanitarian crisis, and doing so using light, colour and
form as foundational elements for design concepts and solutions that work in response to
the crisis situation using design process thinking. From the perspectives of design and
architecture, and with the exposure to a visiting international professor for the project
during the course, students work in small teams to research the issues, examine potential
design possibilities and propose solutions in the experience of a humanitarian design
workshop. Students are exposed to severe contexts and learn to apply theoretical
concepts to practical issues. Design learning in this context engages students in issues of
ethics and sustainability from perspectives of problem-based learning and understanding
humanitarian, social, cultural, theoretical or practical contexts from multiple perspectives.
Four case study examples of projects are presented, to show how design can be a catalyst
to solving issues, provide viable solutions that have potential in this dire situation and
afford innovative possibilities that become agents of change thus transforming the
situation for the people for whom the design is created.

The issues: A humanitarian design approach for
design
As of late 2014, the world population in refugee camps has reached 45.2 million, is
increasing rather than decreasing, and the ravages of war and world strife lead to both
displacement and an increase in refugees seeking asylum around the world. (UN Refugee
Agency, 2014; Unicef, 2015). This is a world crisis and refugees are in a crisis situation
being displaced and with severe impact severe on them, along with the economic and
political unrest and consequences that emerge when people are being displaced for
increasingly longer periods of time. Temporary refugee camps have become permanent
homes, while war rages around people living essentially in tents, regardless of weather
conditions and human conditions. There are entire families at risk and, in particular,
children who account for an increasing percentage of people in refugee situations, with
many children who are often orphans living with severe personal traumas. With the most
recent severe winter conditions adding to the difficulties, families are in need more than
ever before (Unicef, 2015). These conditions are tragic and are becoming increasingly more
difficult.
Students in design programs in North America have traditionally been taught design
thinking and processes using contemporary approaches to theory, history and process and
usually within a local context. Recently design curriculums in design and architecture have
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broadened to include complex thinking strategies, sustainable approaches and temporal
considerations of time and space as these relate to technological advances or issues such
as aging populations and cultural diversity. However, less evident is design aimed at
humanitarian crises that is relevant for the people who increasingly live in these dire
situations and how the design process thinking might be applied in this context.

From Design to Humanitarian Design
With this world crisis situation in mind, designing may be understood as frivolous when
considered from the more traditional aesthetic contexts alone. Conversely, designing can
be put to use as a proactive and positive tool when how people actually live is understood
and when transformative, creative and innovative solutions can be sought out to alleviate
these dire and difficult living situations. Considering transformative approaches to support
people’s lived situations is ever more vital. A humanitarian design approach works for
men, women and children under duress and in critical situations and when integrating
creative and aesthetic approaches sensitive to cultural contexts and with practical and
technically appropriate solutions.

Putting theory into practice: A humanitarian approach for
refugee camps in Jordan
This workshop was created as a 5 week (two phase) exercise for students in a theory
class. The course professor and the invited architect-researcher professor developed this
workshop to allow students to apply theoretical ideas within a design studio problem
context, engaging theory with practice in response to a specific Design Brief and using a
project-based approach to learning. The two professors, one from Montreal (Poldma) and
the other from Paris (Yacoub), got together to consider how students in design might think
about the humanitarian crisis in Syria, how they could learn about putting design thinking
and concept development to work using the complexity of context of the crisis and
integrating learned theories and design skills applied to a real world situation. The site
considered was a refugee camp in Jordan, about 20 kilometers from the Syrian border. The
number of refugees at the camp was estimated between 160,000 – 360,000 and growing,
as refugees have been suffering the Syrian civil war for over 3 years, as Yacoub noted to
the class when explaining the issues and contexts to students in late 2013. Given the
context of political strife and the political, economical and religious contexts, humanitarian
design can afford possibilities and practical solutions for daily living issues and to provide
hope for those who are suffering. As Yacoub suggests « Design can (and should) provide a
way out – be responsible and human, by integrating ecological, social ethical and political
responses using design tools as the catalyst for solutions that are ecological, ethical and
economically and locally viable. » Humanitarian design is thus not only at the service of
urgent needs of men, women and children, all survivors living in critically unsafe spaces,
but also carries a responsibility to afford solutions in ways that transcend the living
situations of those in need by offering alternatives and possibilities. Humanitarian design
offers innovative solutions by inventing new alternatives.

1335

TIIU POLDMA & CLAUDE YACOUB

The design process approach: Integrating form, light and
colour with ethical and sustainable approaches
The added context proposed for this workshop was an emphasis of design possibilities
using form, colour and light as catalysts and an insistence on sustainable approaches that
would work in the actual climate conditions and realities of camps in the desert. First,
while students were not limited to these concepts, but as the workshop occurred in a
theory course about ‘Colour and Light in Interior Spaces’, students were encouraged to
reflect theoretically and practically on how they could design using design elements to
solve this humanitarian problem, thus bringing together seemingly divergent concepts, yet
using tangible design elements to create viable and thoughtful solutions. In particular, the
design process was used to develop context situating, concept development for real-world
problem-solving and from the perspective of visual sense-making (Van Patter & Pastor,
2014; Poldma, 2009). Students were also asked to consider light and form as ways of
providing shadow and light from an intimate human perspective (Tanizaki, 1977; Gordon,
2003; Winchip, 2011, Poldma, 2009) while answering to very serious and real issues of
security and comfort in an alien environment. Intimate issues of security for basics such as
self-hygiene, providing children with ways to change their crisis situation through play, and
providing small ideas to make large changes in the lived situations.
Second, from an ethical perspective, students were asked to consider these design
elements from a sustainable view, and using the principles of universal design (Lidwell et
al, 2003), as they were designing for families with all kinds of people in all kinds of
situations. Sustainable solutions were obligatory, as the living conditions are so severe and
limited that students had to be aware of these conditions and design realistically within
the constraints of the desert, the found materials available in the camps, and using some
of the products being provided in developing solutions using recycled materials. Students
needed to glean what it means to understand design ‘for the other 90%’ and in the context
of designing for real world situations (Papanek, 1984; Cooper Hewitt Museum, 2015;
Author 2 2013).
Finally, in trying to understand situational contexts, students need to grapple with how
the physical spaces of these contexts are completely different than their idea of home
environments. And yet whether in a tent or in a brick – and-mortar house, the physical
spaces carry with them social and psychological connotations and meanings. As Pheasant
(1986) notes: ‘The physical characteristics of the spaces we inhabit also have psychological
overtones.’ (Pheasant, 1986, p. 165). People live in homes and appropriate them, making
meaning with objects and the environment, no matter how dire. Issues of what is ‘home’
and what is ‘shelter’ were issues all students grappled with. For example, in the crisis
situation of the refugee camps, the nature of objects and how refugees attribute meanings
becomes heightened by the very need to survive, and how what objects they have ‘…affect
the development of the self.’ (Czikszentmihalyi & Rochberg-Halton, 1981), p. 50-51). The
physical objects and spaces where people are living in the camps are real places for
humans, and as such, are appropriated. Issues of security for basic hygiene for women
men and children, places to play, places to congregate and socialize and places for what
precious possessions people have become vital places for people and their lived
experiences. Students were encouraged to consider how to help refugees use what they
have to develop objects and places that help lift them temporarily out of the dire
situations that they faced.
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The Workshop: The objectives and approach
The workshop unfolded over 2 months and two distinct phases within a tight and
condensed studio workshop format. First, in Phase 1, a visit from the professor architect
who provided the issues presented to the students, and the preparation that they would
need to do for the workshop when he returned in a couple of months. They were provided
with the complete situation and understanding the people (actors, users, persons in their
lived experience) who required support using the precise case study of the Zaatari camp in
Jordan. The students had to both research the issues and consider potential concepts and
possibilities during the visiting professors’ absence. Students explored contexts, developed
an understanding of the problem and situation, and devised early conceptual approaches
in teams of 2 - 3 students. Over the next couple of months they developed the concept
retained after discussion with the tutors
Then in Phase 2, the visiting professor returned for two concept development classes
and the final presentation (spread over 3 weeks), during which students were to finalize
their ideas, provide maquettes (real or virtual) of proposed concepts for approval, and
then present the concepts in a concise format in class to a jury acting as a potential client.
They presented the final concept for critique to a jury composed of architects and
designers with experience in the Jordan camps. The top solutions were then presented in a
conference on humanitarian design in April 2014. Solutions were to be presented as final
concepts in a limited format with concept, technical development and integration within
the camp tangibly.

The workshop objectives
The workshop objectives included getting students engaged and to open their thinking
about the value of design in the conception of design solutions from a humanitarian
perspective. To do so, the visiting architect professor (Claude Yacoub) provided students
with exposure to the « real terrain » of a refugee camp, from multiple perspectives. The
visiting professor also has first-hand experiences in the refugee camps and is directly
involved in efforts to develop humanitarian solutions. As such, he could provide
understanding of the experiences of the refugees, first-hand accounts of the lived
experiences and also the background the students needed to situate the issues both
realistically and appropriately.
Precedents were also explored and students were asked to explore the issues and
contexts at all the stages of a design concept and problem development. (Papanek, 1984;
McQuaid, 2003; Yacoub, 2013). Issues explored included a) how to reconcile post disaster
issues alongside the realities and hardships of living in a refugee camp; b) How to see past
the limitations and design innovative solutions that use design principles and approaches,
and yet where solutions actually solve problems in the contexts of the living conditions of
the camps; c) how to use design elements understood theoretically to design solutions for
humanitarian purposes; d) how to transcend disciplinary approaches to design spaces,
approaches, products and environments or ways to live better in the actual, lived
situation.
Students were a) exposed to severe contexts and b) learned during the classes to apply
theoretical concepts to practical issues. Design learning in this context engages students in
issues of ethics and sustainability from perspectives of problem-based learning and
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understanding humanitarian, social, cultural, theoretical or practical contexts from
multiple perspectives, thus becoming an agent of change.

The project educational and philosophical approach
In terms of student situated learning of both theory and practice, three additional
elements that guide this workshop are educational. First, how can students develop design
values of empathy and service in this type of learning situation and how to do so by
understanding lived experiences in a pragmatic philosophical sense? Issues for professors
include how to create learning activities that integrate these approaches within learning
design theories and fundamentals such as using form, light and colour as catalysts to
solution-finding. Questions arise such as how to develop empathy for a user through
understanding the user/client issues, how to understand the lived experiences of people in
the particular environment from multiple perspectives and how to apply design thinking in
this type of situation? Additional elements that guide both the teaching and
learning include design thinking and the ways that it is informed by a problembased/project-based learning approach. Finally, an underlying consideration of lived
experience from a phenomenological perspective will be explored briefly.

Design thinking and project-based learning situations
In terms of using design thinking, first the design project is situated in specific contexts
whose catalysts are current evolving practices in both design and education. In essence,
for students to make meaningful understanding of concepts that they learn in studio useful
in their profession, they must understand how designing offers solutions within the
realities that drive professional problem-solving. Understanding real life problems in
project contexts, learning with a problem-based learning situation, and applying design
thinking in these contexts, are tangible ways for students to confront issues and develop
innovative design thinking skills that are responsive to real and urgent needs of a given
project. They can then consider these issues and apply design thinking to solving the
design problems presented to them in meaningful ways.
Design thinking takes on different characteristics when situated within this context.
Design thinking includes understanding the situation, looking at the problems at hand, and
using a combination of teamwork, technological and cognitive thinking tools to develop
proposals and solutions. Early on, Bruce Archer (1979) framed design thinking as a
particular way of thinking :
…there exists a designerly way of thinking and communicating that is both different
from scientific and scholarly ways of thinking and communicating, and as powerful as
scientific and scholarly methods of enquiry when applied to its own kinds of problems
(Archer, 1979 cited by Cross, 2007).
Donald Schön (1983) adds that design is a reflective practice and design thinking leads
to problem-setting, suggesting that:
In order to formulate a design problem to be solved, the designer must 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.
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And yet to really understand the design problem when designing for interior spaces,
students also need to grasp the idea of how design provides experiences to the user
(Poldma, 2003). Design experience in this sense ‘…shifts the focus from a purely physical
entity to human meanings of interiors and places’. (Dohr & Portillo, 2011, p. 2). Precedents
of different solutions for vulnerable populations, products for universal needs and
architectural solutions for crisis and disaster situations are explored (McQuaid, 2003;
Lidwell et al, 2003). In this particular way of doing design, students frame thinking as
problem-situating and solving, within the contexts of the situation at hand, and to develop
the framing of solutions that provide lived experiences for the people for whom they
design. The brief of the situation in a crisis provides a catalyst alongside specific constraints
and challenges that provide a structure within which solutions must be found using design
process thinking, by examining the entire situation, research the parameters of the
problem, offering a diverse range of potential concepts and judging the most appropriate
solution for the problem at hand (Poldma, 2003; Poldma, 2009).

Project-based learning using design scenarios
Second, ways to learn include putting students into situations where client or usersimulated exchanges occur, and students glean the ways that people have real, lived
experiences. Learning these skills means situating design course learning within a
framework of problem-based scenarios situated in design projects, hence a project-based
learning experience. In this type of project-based learning situation, teachers become
facilitators of student learning by facilitating and providing scenarios of client-users in
situations and to help students to understand the lived situations for which the designs will
be created. In this particular design workshop, Claude Yacoub, as the invited professor,
also provides first-hand accounts of the situation in Syria explaining and showing students
the difficult living situations experienced by refugees within the Zaatari camps in Jordan.
Savin-Baden and Major (2004) suggest that characteristics of project-based learning
include:
‘…an integration of theory and practice,…a focus on processes …and.. concepts …(such
as) cased – based lectures ….where students meet with a client in some form of
simulated format where free inquiry is allowed to take place…’( Savin – Baden & Major,
2004, p.5)
In this type of project-based learning, meeting clients in a real-life setting scenario is a
way of developing empathy and helping students understand how they can then in turn
use the design concepts that they will explore.
Finally, design learning is often based on some form of project-based learning, as
design process and problem-solving requires exploring projects to help build skills later
used in the profession. Third, the professors provide a clear brief with specific
users/clients within the real-life scenario of Zaatari camps in Jordan. The invited
professor Yacoub provides the students with a very specific project « Brief » that helps
to establish clear situating of outcomes and learning activities (Shreeve, Wareing &
Drew, in Fry, Ketteridge & Marshall, 2003). This then allows students to be confronted
with the situation, understand the parameters and limitations, and develop solutions
that explore the contexts of the very difficult life in Syria, life that is really all about
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survival. Students learn to understand the plight of refugees, the limited living places
they have, the inhuman sanitation and social conditions and the effect this has on
human dignity and social capacity. Then using design elements and design thinking
strategies, students begin to understand how theory-informed concepts learned in the
classroom can be understood, even applied, in practical situations (Poldma, 2013).

A phenomenological approach to lived experience
Understanding humanitarian contexts for designing possibilities in the refugee camps
requires that students understand multi-dimensional aspects of space, interiors,
architecture and urban design simultaneously with the aesthetic and technical design
knowledge they acquire. Education strategies include situating students in the actual
contexts of the experiences of users, and in their learning to become service-oriented
ethical designers. (Nelson & Stolterman, 2013).
The concept of lived experience as actual, real experience derives from the concept of
phenomenology. These experiences are phenomenological, in that it is the ‘things
themselves’ that govern our inter-personal relations (Steeves, 2006) and how people have
lived experience of people in the situations that these arise. For design and spaces such as
the interiors of refugee camp living spaces such as tents, these are the intimate, lived
spaces where people have personal and subjective experiences (Yacoub, 2014; Yacoub,
2013). Students develop both empathy and understanding of the lived situation of the
people in the refugee camps, as seen through the eyes of the client.
Perception of spaces and how people actually ‘live’ is at the heart of the issue in
understanding how to situate issues and develop creative, innovative possibilities for the
context, in this case, suffering of men, women and children in dire conditions. Intimate
spaces and personal objects become redefined within this reality, and yet people create
new ways to live socially and to create their life with meanings they attribute to the
objects that surround them (Csikszentmihalyi, M. & Rochberg-Halton, 1981). Students can
be responsive by understanding this context from a perspective of lived experience,
developing empathy for the people in this situation, design thinking and tools to respond,
while also insisting on solution-driven ideas that can actually be implemented in the
realities of the situation (Poldma, 2003; Poldma, 2009).
We turn now to a look at four examples of project concepts with four case studies with
visual examples of the work produced by the students.

Four case studies: Student project concepts
The design project unfolded within 2 different classes, both led by two teachers. In
each class, groups of 2-3 students were created. Each group began by examining the brief
and issues, exploring rough initial ideas, and once these were vetted with the
client/professor, proceed with multiple concepts and ideas. As time was limited, groups
were immediately under pressure to produce viable concepts for approval, as per the
brief, and before proceeding to concept development and final presentation. Group
dynamics and interests also were at stake, as students learnt to collaborate with other
students. Some groups took a very personal perspective, while others looked into
providing solutions for the social aspect of the camp and still others looked at sustainable
or technological ideas for inspiration or at artistic and whimsical solutions to try and
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change the very negative aspects of the living environment. Students produced over 50
concepts in two classes, with groups in first year and second year. Each group had a
different approach, based somewhat on learning capacities and knowledge in their
respective year.
The teams came up with innovative solutions for different problems ranging from
personal objects and hygiene to play and respite places for children, to community social
spaces and new concepts for living spaces. Here we present four case studies of student
proposals at differing scales and from different perspectives.

Case study 1: Designing a solution for women who lack basic
hygiene support.
This concept for a personal hygiene unit for women is designed to provide both privacy
and a personal ‘place’ for women to take care of personal hygiene needs, within a crisis
situation where privacy is severely lacking. This concept provides an innovative solution,
both appropriate in the cultural context, and technologically feasible. Colour and form are
appropriate and the design is a complete unit.

Figure 1 – Urika ( courtesy students second year)

Case study 2: The protective play space
Key words such as security, escape, serenity and peace guide the concept for this play
area for the over 50,000 children aged 0-11 years who are in dire need. The project was
to create a play area bubble provided, part of the research done by the students, as a place
to escape the ravages of war. This is a collapsible and technologically feasible structure
designed to provide a place of escape for children that uses light, colour and form to
provide a safe and secure playful space.
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Figure 2 – Fakkaa – the bubble (courtesy, students first year)

Case Study 3: The home as a ‘fold of hope’
The ‘fold of hope’ is a folding ,flexible structure designed to deploy quickly and provide
a multi-functional space for the family. Here we see the evolution of the concept where
form and light playfully work with material while materials chosen are light and stable
when deployed:

Figure 3 – ‘Pli d’espoir/Fold of Hope’ ( courtesy students second year)
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Case study 4 – creating social and sustainable value with
products from found materials.
For these students, understanding the issues meant developing a multi-layered and
very vital solution: Providing an activity using recycled materials within the camp that
families collect daily and creating items for the home and for sale as a source of revenue.
The creation of these products also has in mind allowing women to develop independence
as the products would be sold and assist in terms of both providing income and a means of
survival through recycling found materials at their easy disposal. Students proposed a
thoughtful solution using the means at the disposal of the women in these situations,
through the creation of various objects from recycled bags, and creating objects of all kinds
for the home and for use and distribution.

Figure 4 – Concept development for objects from recycled materials

Discussion
As we see in the case studies, solutions range in scale from small, personal items to
larger scale projects such as play places for the camp’s children and home
alternatives for families. Salient issues were satisfying basic personal and social needs
within the context of the crisis situation they were exposed to. Students developed
concepts from diverse disciplinary approaches, with research and context development
alongside client context situating and empathy were fundamental aspects students
experienced. They consequently developed innovative and thoughtful solutions
thoroughly. The overall idea of allowing students to really understand and come to terms
with the lived situation of the people in the camps was vital.
Students were engaged and very affected by the issues and create solutions that were
thoughtful, innovative and technically possible in the context of the severe conditions of
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the Jordanian desert. How to personalize the spaces they were living within, including the
tents, the commissary and the temporary pharmacy and schools became important issues.
The plight of children particularly hit the students quite hard, and many solutions were
developed to try and bring a sense of joy, of childhood, back to those who were not in that
type of place, if even temporarily, through the use of colour, found materials, LEDs and
other current technologies that could be implemented realistically within the camps. The
issue of ‘shelter’ and ‘home’ for those who, essentially, are homeless, became issues to
explore as well as providing flexible and viable solutions that could be transportable and
have some aesthetic supported by feasible technological choices of materials. Design
thinking was put to use in response to both the crisis situation and to develop thoughtful,
technologically viable concepts that could actually be considered for the camps.

Conclusion
For design learning to be relevant, students need exposure to design in the real world
and to design in the context of the actual, lived experience of people. Theory learned
without situating the problem in the real situations of the person is useful but generally
remains aesthetic rather than viable. Designing good solutions requires understanding
cognitively needs and potential solutions, while affectively responding to people in the
situations within which the solutions will be used. Students can be engaged in crisis
situations and develop empathy for the user, while understanding the value of designing
using design elements and thinking, and as a catalyst to solving human problems and for
developing innovative and aesthetic solutions with added dimensions that are practically
applied. The students in this workshop not only grasped issues unfamiliar to them, they
also used their design skills to go beyond standard approaches and applied their thinking in
new and innovative ways. Students matured and provided solutions situated in the issues
at hand. Project-based learning, supported by giving real situations to students to
understand and supported by theoretical concepts through the use of design elements
such as light and colour are catalysts to providing viable solutions using a humanitarian
approach.
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