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Abstract

Design is a process of changing current situations into
preferred ones, through conversations with design materials,
and an understanding of the present practice of the designed
artefact’s future users. Domain-relevant data, such as those
generated by personal and autonomous computing systems, are
an increasingly important design material presenting new ways
to explore current practice. Examples of these data include that
being generated by people using smartphones, health and
fitness monitors, smart energy meters and social media; or that
from official statistics made publicly available via Open Data
initiatives.

This thesis details research developing CoDesign With Data, a
novel approach to collaborative early-stage design workshops
in which working with domain-relevant data is the key
distinguishing feature. During a CoDesign With Data workshop
participants are given the tools and techniques to help them
seek insight from data, gain an understanding of the context
these data might come from, and to inspire creative design
ideas. These tools and techniques build on an understanding of
research into information visualization and applied creativity.
The activities in which they are used build on the experiences
reported from other approaches to creativity in collaborative
requirements gathering and design workshops.

The aim of this research is to support design innovation that
results in new products or services appropriate to the contexts
in which they will be used. To investigate the primary research
question, and evaluate the tools and techniques being
developed, two design experiments and three case studies were
undertaken. In each study, examples of tools, in the form of
workshop materials and information visualization interfaces,
and techniques, in the form of workshop activities, are
presented, and simple takeaways for design practice are
offered. Finally, the knowledge and understanding gained
during this research is presented as a series of guidelines and
recommendations, and a description of the current state-of-
the-art CoDesign With Data workshop.
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1 Introduction

Designing new products or services is a process by which “courses

of action aimed at changing current situations into preferred ones”
(Simon, 1996, p.111) are devised through a “reflective conversation

with the materials of a design situation” (Schon, 1992) and where to
“design with future use activity in mind means to start out from the
present practice of the future users” (Badker et al., 1988). This thesis
details research developing a novel approach to early-stage design
workshops, the CoDesign With Data approach. This approach uses
domain-relevant data that describe aspects of the present practice
of future users, for example the data from smart energy meters or
responses to official questionnaires, as a material to inspire creative

design ideas.

This chapter begins by describing the background to this thesis,
outlining its inspirations and presenting the motivations for
undertaking the research it details. Here | discuss the wider cultural
context of technological, political and societal developments that
forecast the growing importance of domain-relevant data to many
design projects. This will outline why the detailed research is both
interesting and important to fellow researchers of design and
human-computer interaction. Following this, | present the questions
that were investigated during this research, and state the academic
contribution that it makes. Finally the thesis structure is laid out and

the contents of the remaining chapters outlined.
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1.1 Background and Motivation

What are domain-relevant data? And why should they be of interest?
The short answer is that they can be a variety data that describe or
represent some aspect of the wider context or domain of a design
situation. This is explored in more detail below. They are also an
increasingly available resource following the growth in ubiquitous
computing systems (Weiser, 1991; Abowd, 2012) and the rise of the
open data movement'. Finally, they are a resource that is likely to
become more important as people generate increasingly large and

detailed records describing their everyday activities.

It is now commonplace to carry a smartphone or tablet device that
keeps one constantly connected to location services, search
engines and social media (Nielsen, 2014; Lomas, 2012). Personal
health, wellbeing and fitness monitors, such as those made by Fitbit?
and Jawbone®, which can capture and record activity and biometric
data, are also growing in popularity and have the potential to
change people’s relationships with the medical profession. Similarly,
smart energy meters and smart electricity plugs that capture fine-
grained information about the way people use energy are becoming
familiar®. As are smart thermostats that learn about people’s habits
from the detailed data they collect, such as Nest® and Hive®. The
records generated and stored by each of these technologies
represent an example of domain-relevant data, and the trails they

leave behind can tell stories that we might use to understand the

Twww.theodi.org

2 www fitbit.com

3 www.jawbone.com

*e.g. www.plugwise.com/smart-home
5 www.nest.com

8 www.hivehome.com
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ways that existing products and services are being used in current
practice. In addition, where products that generate these data do
not exist already, it is now relatively straightforward to devise custom

low cost data gathering solutions, which utilise cheap sensors to

meet specific research requirements (Burke et al., 2006).

These types of data are rapidly becoming a key component in the
way major societal issues are addressed (Ofcom, 2013). For
example, one of the primary motivations behind the UK Department
of Energy and Climate Change’s plan to rollout smart energy meters
to upwards of twenty four million UK homes and businesses by 2020
(Department of Energy and Climate Change, 2012) is that they expect
the consumption data these smart meters generate to kick start the
development of new services that encourage customers to shift
energy consumption away from peak demand times. This in turn will
reduce the need for those standby power stations that are most

polluting, and thereby help the UK meet sustainability and green

energy targets (Ofgem, 2011).

Another reason to be interested in domain-relevant data is the
increasing public availability of official statistics, which is due in part
to the impact of the open data movement. Examples of such open
data include census and demographic information, government
spending and service provision, housing market statistics and real-
time transport information, all of which are accessible via the UK
government’s data website’. Each of these is an example of domain-
relevant data that might help us better understand the changes

taking place at the wider level of community or society. Data from all

" data.gov.uk
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of these different sources have the potential to inspire important new
insights that inform design research and ultimately lead to better

design solutions.

But how should we interrogate these data in order to extract value
from them? Many current approaches to extracting value from data

are based on the algorithmic use of statistical and machine learning

techniques (Witten & Frank, 2005), a good example of this approach

being Amazon’s recommendation system (Linden et al., 2003).
However, these approaches, which are often associated with so-
called ‘Big Data’, can have a number of potential problems relating
to the context the data are drawn from or the individual stories they
can represent (Boyd & Crawford, 2012). The CoDesign With Data
approach that | have developed through the research detailed in
this thesis offers an alternative based on human creativity rather
than machine learning. This approach is not meant to compete with
Big Data algorithms. Indeed, it might be used to complement the

kind of understanding that can be derived automatically.

During a CoDesign With Data workshop participants take part in a
series of activities that help them seek insight from domain-relevant
data and share their individual knowledge and experience in order
to gain a better understanding of the context these data may have
come from, and to provide inspiration for creative design ideas. In
the studies reported in chapters 4, 5 and 7 the domain-relevant data
used are the kind of quantitative data generated by smart energy
meters. Additionally in Chapter 7 the energy domain is also

represented by the kind of data available in social media, in this

18



case Flickr® photographs. In Chapter 8 the domain-relevant data are
responses to a large-scale questionnaire study and data
representing contamination in university waste bins. Chapter 6
explores the different types of data available within the domain of a

European research project investigating reflective practice at work.

1.2 Research Question and Contribution

The research detailed in this thesis aims to respond to the
opportunities offered by the growing availability of domain-relevant
data. In so doing | have developed a novel approach to early-stage
design workshops, the CoDesign With Data approach. This
approach uses tools that represent data interactively and
techniques that prompt creativity to help participants gain and share
an improved understanding of the contexts these data might be
drawn from, and in turn inspire creative design ideas. This is done

with the ultimate aim of delivering better products and services.

1.2.1 Research Question

Section 1.1 identified the new opportunity these domain-relevant
data offer. This might be summed up as the chance to present a
view of potential future users’ current practice at a scale or
resolution that is not generally practical with most human-centred or
user-centred design methods. For example, domain-relevant data
might offer the opportunity to study the activities of larger numbers
of people, over longer periods of time than methods such as
Contextual Design (Beyer & Holtzblatt, 1999), albeit at a relatively

course granularity.

8 www.flickr.com
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The objective of the research detailed in this thesis is to investigate

how this opportunity can be exploited, and the research question

that guided this enquiry was:

How can seeking insight into domain-relevant data help participants
in early-stage co-design workshops gain a richer understanding
of the context under investigation, and provide inspiration for

creative design ideas?

This research question assumes two key relationships, which are
discussed below. First, the relationship between data and context;
how exploring domain-relevant data and the context of the activities
being undertaken when they are generated can provide insight into
what might be considered design problems. Second, the nature of
inspiration, and how insights into domain-relevant data can provide

inspiration for possible design solutions.

1.2.1.1 Data and Context

Section 1.1 introduced domain-relevant data, gave examples of
what they might be, and explained that algorithmic or Big Data
approaches to understanding these data can been criticised for

failing to appreciate the context surrounding the practices and
activities they are drawn from (Boyd & Crawford, 2012). Such an

appreciation and understanding of the context surrounding future

users’ current practice is a key principle of user-centred design, as
we see for example in the Contextual Design approach (Beyer &

Holtzblatt, 1997).

My research question reflects this tension between domain-relevant
data offering potential insights into the practice and activities of a

large number of possible future users over a long period of time,
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and the user-centred requirement to understand the specific context
in which these activities and practices take place in close detail. It
asks how we might help co-designers gain a richer understanding
of the context from which these data are drawn, through sharing
their knowledge, including implicit knowledge, of particular
instances, activities or practices that these data might represent.
This can be understood as an investigation into the ways that
domain-relevant data might provide the raw material from which

insights into the problem space of a design situation can be found.

1.2.1.2 Inspiration

In addition to inquiring how domain-relevant data might support an
improved understanding of the problem space of a design situation,
my research question also asks whether exploring domain-relevant
data might inspire ideas for possible design solutions. This is
important because activities in which external inspiration is
intentionally sought are included in many design processes, for
example those used at IDEO (Kelly & Littman, 2001, pp.142-46), and
have been shown to be an effective source of creative design ideas

(Halskov, 2010; Eckert et al., 2000).

My research question asks how co-designers’ insight seeking can
be supported so that any insights they might find inspire creative
design ideas. Within this | include enquiry into different ways in
which domain-relevant data might be represented, and also
different ways in which workshop activities might be structured so
that creative exploration of domain-relevant data can inspire
participants to look at the data in ways that lead them to discover

new, unexpected and inspirational insights.
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Having a single research question addressing both the problem and
the solution spaces of a design situation reflects the complexity of
the relationships between seeking insight, understanding the
domain context, and generating creative design ideas. These may
not be clearly separate stages that progress in a simple linear
fashion but may be more iteratively intertwined. Indeed, this is likely

to be the case, given the way in which design problems and design

solutions can be said to co-evolve (Dorst & Cross, 2001).

1.2.2 Academic Contribution

The main contribution to academic knowledge in the field of Human-
Computer Interaction made in this thesis is the CoDesign With Data
approach that | developed during this research. This is a novel
approach to collaborative early-stage design in which working with
domain-relevant data is the key distinguishing feature. During a
CoDesign With Data workshop participants take part in a series of
activities using the tools and techniques | have developed to help
them: seek insight into domain-relevant data; share their individual
knowledge to gain an improved understanding of the possible
contexts these data might come from; and use the insights gained
as inspiration for creative design ideas. During this research |
developed and published a number of tools and techniques, which |
combined in novel workshop methods. | also developed and
published a new method of evaluating creativity support using
Reflection Postcards. The CoDesign With Data approach describes
how a set of fools, in the form of example information visualization
interfaces and other workshop materials, and techniques, in the
form of example workshop activities, can be combined into methods

for undertaking early-stage collaborative design workshops.
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1.3 Structure of this Thesis

Chapter 1 introduces the research detailed in this thesis, places it
in a social and technological context, and outlines my research

questions and academic contribution.

Chapter 2 provides an academic background to the research, in
which important literature are reviewed and related work described.
In doing so, it places the work described here in an academic

context of design research.

Chapter 3 introduces the research and evaluation methods used
during the individual studies undertaken for this thesis, and provides

a roadmap for how these studies relate as the research progressed.

Chapter 4 describes my first design experiment investigating how
to represent domain-relevant data to workshop participants. In this
study ambiguity in the visual encoding with which data are
represented is considered. | found that ideas generated in
workshops using an interface where ambiguity was intentionally
increased were found to be significantly less appropriate to the
domain under consideration. This work was presented in a paper at
the ACM Designing Interactive Systems conference, Vancouver,

June 2014 that is included in Appendix A.

Chapter 5 describes a case study in which the findings from the
first design experiment are put into practice in a service design
workshop held with customers and staff of E.ON Energy. | found that
activities using visualized domain-relevant data and generative
design techniques were engaging for participants, helped them
gain a better understanding of the design context, and inspired

creative ideas. This work was presented in a paper at the
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ServDes.2014 Service Design and Innovation Conference in
Lancaster, April 2014 that is included in Appendix A. The novel
Reflection Postcard method of evaluation was developed for this
study and presented at the CHI 2013 Workshop: Evaluation
Methods for Creativity Support Environments, a short paper is

included in Appendix A.

Chapter 6 describes a case study in which | continue to
investigate the generative design approach used in Chapter 5 in a
workshop held with representatives of MIRROR, a European
research consortium. | found this to be an effective way of gaining
an improved understanding of the data available to a design

situation, and of inspiring and recording creative design ideas.

Chapter 7 describes my second design experiment investigating
how to represent domain-relevant data to workshop participants. In
this study two interfaces designed to prompt different styles of
creative thinking are compared. | demonstrate distinct differences in
the way these two interfaces were used, and show that certain
aspects of participants’ creative processes were supported more
effectively in workshops where quantitative data were visualized in a

way designed to prompt an analytical style of creative cognition.

Chapter 8 describes a final case study in which the lessons learnt
in previous studies are brought together, and the emerging
CoDesign With Data approach is studied, during a service design
workshop held with representative students and staff from City
University London’s Environmental Champions. | found positive
evidence of effective support and inspiration for participants’

creative design processes, both through directly prompting ideas
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and also by providing a common ground on which participants can

share their differing knowledge and experience.

Chapter 9 provides a discussion of, and reflections on, the

research carried out for this thesis. My research questions and

contribution are revisited, and the recommendations for practitioners

presented in full. | also revisit the research methods | used and

discuss their suitability and effectiveness. Finally, | outline some key

limitations, and suggest areas for future research.

Each of the chapters 4 to 8 reports a specific study, addressing

sub-questions of my primary research question:

Chapter 4

Chapter 5

Chapter 6

RQ4 What would be the effects of increasing the
ambiguity in the visual encoding used to represent
smart energy data on workshop participants’ ability to
gain insight, and on the creativity of the product and
service ideas those participants subsequently
generate?

RQ5.1 Would using iPad interfaces to explore
visualized domain-relevant data be engaging to
workshop participants, and support collaboration in a
real world setting?

RQ5.2 Would participants successfully gain an
understanding of the data and therefore insight into
the design context from their activities using the
information visualization interface?

RQ5.3 Would the combination of insight seeking
using information  visualization interfaces  and
generative design activities help participants share
their existing knowledge and explore different possible
interpretations of an ambiguous design context?

RQ6.1 Would workshop activities in which generative
design is combined with applied creativity techniques
help co-designers share their individual perspectives
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Chapter 7

Chapter 8

on the data available to a design situation?

RQ6.2 Would these activities improve individual co-
designer’s understanding of those data, where they
come from and how they might be used?

RQ6.3 Would these activities inspire co-designers’
creative ideas as they look for possible new uses for
these data during exploratory design?

RQ7.1 How would participants’ idea generation
activities differ? When given:

A: A digital design artefact designed to prompt
creative cognition in an analytical way by visualizing
smart energy data in a traditional style.

B: A Jdigital design artefact designed to prompt
creative cognition in an intuitive way by presenting
photographs from social media in a direct visualization
style.

RQ8.1 Would the CoDesign With Data tools and
techniques support participants’ insight seeking and
help them gain a better understanding of the design
context? During workshops in which they:

A: Identify and formulate a specific Problem Statement

B: Generate candidate solutions and select a Design
ldea

RQ8.2 Would the CoDesign With Data tools and
techniques support and inspire participants’ creative
design processes? During workshops in which they:

A: Identify and formulate a specific Problem Statement

B: Generate candidate solutions and select a Design
ldea

Table 1: Listing of individual studies’ research questions
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1.4 Appendices

Volume Il of this thesis contains the following appendices:

Appendix A: Papers published during the period of this research.

Appendix B: Design outputs resulting from the case studies
reported in chapters 5, 6 and 8

Appendix C: Design materials used in the workshops detailed in

this thesis.
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2 Research Background

This thesis details my development of a novel approach to early-
stage design workshops, the CoDesign With Data approach. The
research it describes is situated within the field of human-computer
interaction, which, Fallman has argued, is increasingly becoming a
“design-oriented field” (Fallman, 2003). This work can therefore
usefully be described as design research. | will briefly discuss how

this term can be understood, and clarify how it is used in this thesis.

2.1 Design Research

In discussing the nature of research and it’s standing with regards
to academic degrees in the field of design, Archer (1995) makes the
distinction between “research about practice; research for the
purposes of practice; and research through practice” (underlined
emphasis in the original). According to Archer, research about
practice includes studies of the materials, processes,
methodologies and outputs of design. Research for the purpose of
practice underpins practitioner activity and refers to the work done
to gain the understanding that informs product or service
development. Research through the medium of practitioner activity
involves exploring and testing a proposition by constructing or
enacting some intervention in the real world, and in which the
investigator is likely to be a significant actor. This is otherwise known

as Action Research.

28



When | talk about design research with regards to the studies
detailed in this thesis, | am usually referring to research about
practice. Here, new methods for early-stage design workshops,
featuring novel combinations of tools and techniques, are
described, and their use explored and explained. The case studies
described in chapters 5, 6 and 8 were undertaken as part of real
world design processes in which | was an active participant. Here |
was selecting and enacting interventions with the aim of testing
propositions and therefore design research might also be thought of
in terms of research through practice. Also, the outputs from these
case studies informed ongoing design activity and therefore the
design research was at times research for the purpose of

practice.

This indicates that there are situations where the term design
research may have multiple interpretations, and retain a certain
degree of ambiguity. However, | believe that the context of each
instance of use should be clear enough for the meaning at that time
to be apparent. An alternative is to understand design research
along similar lines to Ezio Manzini who has described it as being “an
activity that aims to produce knowledge useful to those who design:
design knowledge that designers and non-designers (individuals,
communities, institutions, companies) can use in their processes of
designing and co-designing” (Manzini, 2009) (emphasis in the

original).
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2.2 The Landscape of Design Research
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Figure 1: Reproduction of Sanders & Stappers' Map Describing the Emerging Landscape of
Design Research Approaches and Methods (Sanders & Stappers, 2012, p.21)

Led by Research

This thesis describes the development of CoDesign With Data, a
design approach that adopts an explicitly human-centred mindset.
In this section, my approach will be placed in the wider context of
contemporary human-centred design and design research. This is
in order to place some important philosophical markers and

signpost key decisions described in later chapters.

The landscape of human-centred research for product design,
service design, and human-computer interaction design has

developed significantly since the 1970s when User Centred Design
(Norman & Draper, 1986) and Participatory Design (Bedker et al., 1988)

practices emerged. This developing design space, in which

practitioners and researchers are closely concerned with the future
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users of their design outputs, has been usefully described by
Sanders and Stappers (2012, p.21) through a two dimensional map

in which the vertical axis describes different design approaches and
runs from ‘led by research’ through to ‘led by design’ and the

horizontal axis describes a varying mindset from ‘users as subjects

to ‘users as partners’. Figure 1 shows a reproduction of this map.

The vertical axis strongly reflects the background that the different
approaches have emerged from. Towards the ‘led by research’ end
of the vertical axis lie approaches such as Applied Ethnography and
traditional Human Factors research that have been strongly
influenced by disciplines such as cognitive psychology, sociology,
engineering and anthropology. In contrast the ‘led by design’ end of
the vertical axis is populated by approaches to design research that
are based in exploration through design artefacts, such as Critical
Design and Generative Design Research. These are approaches
that have emerged from practices developed in schools of art,

design and architecture.

Positioning along the horizontal axis reflects a given approach’s
mindset with regards to the role of the future user in the design
process. Towards the ‘users as subjects’ end of the spectrum lie
Critical Design approaches and methods such as Usability
Evaluation that reflect the position of design researcher as expert
who designs for people. Towards the ‘users as partners’ end lie
those methods and approaches such as Scandinavian Participatory
Design and Generative Co-creation where the role of design

researcher is closer to that of a facilitator who designs with people.

In Figure 2, the map’s original content has been updated with the

addition of the CoDesign With Data approach that was developed
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through the research detailed in this thesis. The aim of the CoDesign
With Data approach is to design with people by inspiring their
creativity and facilitating their exploratory insight seeking, using data
that represent aspects of current practice and behaviour. This
places it close to the ‘users as partners’ end of the horizontal
mindset axis. Along the ‘led by research’to ‘led by design’ axis it
sits closer to the centre, as it has been influenced and informed
both by methods with a flavour of the social sciences, which explore
current user behaviour by gathering data about current practice,
and also by methods that use generative techniques to explore the

experiences and desires of the future users of new products or

services.
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Figure 2: Sanders and Stappers' emerging landscape of design map. Updated to show where
the CoDesign With Data approach sits (Sanders & Stappers, 2012, p.p.21)
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2.3 Tools, Techniques, Methods and Approach

The aim of the research presented in this thesis is to develop an
approach to early-stage co-design workshops in which domain-
relevant data that represent aspects of current practice provide
inspiration for creative design ideation. By exploring these data
creatively with stakeholder representatives, we can share an
understanding of the context they are drawn from, and use the
insights gained and ideas generated to design innovative products
and services appropriate to their future users. The primary
challenge faced is to find ways of presenting these domain-relevant
data in a way that is appropriate for the participating stakeholder
representatives, our co-designers. These co-designers are unlikely
to be experienced data analysts and therefore data should be
presented in a way that makes them accessible. Also, | want to
inspire co-designers’ creativity and use this to explore a broad
context for these data, which should therefore be presented in a

way that is engaging, inspiring and that prompts creative ideas.

To describe how the CoDesign With Data approach responds to
such challenges, the distinction between tools, techniques,
methods and approach made by Sanders, Brandt and Binder
(2010) in their framework for describing the application of
participatory design practices has been adopted. This distinction
helps to generalise the results found in this research by allowing
other design researchers to adopt individual elements and combine
them with tools and techniques described elsewhere or to extend

them and develop methods and approaches of their own.
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Description at the level of tools tells us about the material
component of a particular intervention or what that intervention looks
like. In the research detailed here, the tools used are the design
artefacts used. These are the interactive interfaces in which the
domain-relevant data are visualized, together with the worksheets
and other materials used to inspire, prompt, capture and record

design ideas, during particular workshops.

Description at the level of technique tells us how these tools are
used in a particular situation. In the research detailed here, this is a
description of the specific activities undertaken during particular

workshops.

Description at the level of method tells us how the combination of
tools and techniques are put together to address defined goals. In
the research detailed here, this is the format of particular

workshops.

Description at the level of approach tells us about the mindset
within which the research is conducted and can provide a guide to
the type of methods that are likely to be adopted. As Figure 2
shows, in the CoDesign With Data approach this is a collaborative,
participatory mindset that seeks to works with stakeholder
representatives, and that combines elements of design led and

research led techniques.

During the development of the CoDesign With Data approach | have
trialled several methods, each involving different combinations of
fools and techniques inspired by previous research. In section 2.4,
three different approaches to stimulating and inspiring creativity in
early-stage design and requirements gathering workshops will be

discussed, and the tools and techniques they employ described.
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This related work shows how others have responded to the
challenge of designing better products and services by employing
the creativity of stakeholder representatives. This will be followed in
section 2.5 by a discussion of key research in the fields that have
influenced important elements in the development of the example
tools, techniques and methods that | have used in the CoDesign
With Data approach, and that are described in the research detailed

in the remainder of this thesis.

2.4 Related Approaches

Design is an inherently creative process in which consciously
seeking inspiration can play an important role. This is evidenced in
the innovation strategies practiced at design companies such as
IDEO where sources of inspiration such as The Tech Box, a centrally
located filing cabinet filled with a changing array of things such as
smart materials, interesting toys, miniature batteries and

electroluminescent displays, are seen as pivotal (Kelly & Littman,

2001, pp.142-46; McGrane, 1999) Badker, Nielsen and Petersen (2000)
describe how systematic collaboration between designers and
stakeholder representatives leads to creative design results that are
based on but transcend current user practice, and Greenbaum &
Madsen (1993) describe how workshops can be used to give
stakeholders an important voice in design projects. It makes sense,
therefore, that activities in which there are deliberate attempts at
prompting creativity and inspiring ideation should also be an

important feature of collaborative or participatory design workshops.

In the following sections | will discuss three examples where these

types of activities have been used to: uncover novel requirements
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(Maiden et al., 2004), explore future experience (Sanders & Stappers,
2008), and create new concepts for design (Halskov & Dalsgard,

2006). There are a number of other tools and techniques used in
collaborative design, participatory design, co-design, and co-
creation practice and research e.g. (Brandt, 2006; Badker et al., 2000);
however, the three approaches discussed have been
comprehensively reported and are explicit in the methods they use
to inspire or stimulate participants’ creativity. Each of these
examples takes a distinctly different approach to collaborative
design workshops. They were selected for closer discussion
because the approaches they adopt are effective in addressing
specific aspects of the design workshop space that are important to

my research.

The Creativity Workshop discussed first was selected because it
takes place in the very earliest, requirements gathering phase of a
design project. It is distinctive because it represents pre-design
work being undertaken for large-scale and complex socio-technical
systems. The project undertaken with E.ON, which included the
studies described in chapters 4 and 5, was aimed at a similar scale.
The activities that take place during this workshop are strongly
rooted in psychological theories of creativity and the applied
creativity techniques based on these. This might be described as a
scientific approach to inspiring participants’ creativity, based on
participants searching for ideas. These factors are explored in the

studies reported in chapters 4, 5, 7 and 8.

The Generative Design Research discussed next also takes place at

the very front end of design projects. However, the techniques used

36



here, whilst also based on psychological theories, are more strongly
rooted in the expressive elements of creativity i.e. making things.
This approach is co-creational, i.e. closely collaborative, with the
design researcher’s role being to facilitate participants’ expressive
creativity. Generative Design Research explicitly aims to explore the
experiential aspects of the requirements that future users might
have from the product or service being designed. Generative tools
and techniques are investigated in the studies reported in chapters
5 and 6, where they were used to help participants’ gain an
understanding of the context data come and to express future

design opportunities.

The Inspiration Card Workshop discussed third is important
because it takes place at a later stage in the design process where
design concepts are being generated. The described workshop is
also shorter and more closely focused on designing interactive
systems than the Creativity Workshop. The Inspiration Card
Workshop shows how selected images can be used as a material to
represent features of the domain of a design situation, and how
these can be combined creatively to generate useful design
concepts. Domain-relevant images and photographs are used to
help participants explore and understand the context data might
come from, and to prompt different kinds of creative thinking during

the studies reported in chapters 5 and 7.

2.4.1 Creativity in Requirements Gathering Workshop

In recent years there has been a move towards understanding

requirements engineering as a process of creative problem solving

€.9. (Maiden et al., 2004; Maiden et al., 2007; Jones et al., 2008; Maiden et
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al., 2010). As part of this process, a format for the Creativity
Workshop has been developed in which a range of stakeholder
representatives undertake a series of different activities that
generate ideas and identify requirements for large-scale socio-
technical projects, such as air traffic control systems. These
requirements have been shown to be both novel and appropriate for

their context, and may otherwise have remained unexpressed.

The structure of this workshop, and the activities undertaken during
it, are based on the application of psychological models of creative
processes, such as those put forward by Poincaré (1913), Boden
(2004), and Csikszentmihalyi (1997), and applied creativity models,
such as the Creative Problem Solving (CPS) method (Isaksen et al.,
2011). This workshop typically takes place over two days to allow for

a period of incubation (Poincaré, 1913), in which ideas

subconsciously germinate. It is made up of iterations of divergent
idea generation activities followed by activities in which
convergence and agreement are sought. These activities aim to
stimulate three types of creativity: exploratory, combinational and
transformational (Boden, 2004, pp.3-6). Another important part of the
philosophy behind these workshops is the desire to create a playful

and supportive atmosphere, where tensions or conflicts from

everyday work are removed, barriers broken down, and which

encourages creative flow (Csikszentmihalyi, 1997).

2.4.1.1 Tools

Typically, the tools used in a Creativity Workshop might include

post-it notes and marker pens for collecting and organising ideas,
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flip charts and boards for gathering outputs, and tools for describing
requirements e.g. use-case cards. In addition to these, large sheets
of paper and other materials for creating rich storyboards might be
used in combinational creativity activities. Other tools, for example
balloons that might be used to make animals, play an important role

in the scene setting and staging of a Creativity Workshop.

2.4.1.2 Techniques

Typically, a Creativity Workshop will include a series of different
activities based on a number of techniques. For exploratory
creativity the aim is to search the space of partial or complete
possibilities. Effective techniques for exploratory creativity include
analogical reasoning and brainstorming with creativity triggers.
Analogical reasoning is a process of mapping or transferring
information from a source domain to the target domain, the target
domain being the domain of the problem currently being considered
(Maiden et al., 2004). Key here is the idea that each domain should
be a different instantiation of a shared abstraction, that they should
share knowledge structures, but that they should have syntactical
differences. Brainstorming with Creativity Triggers is a process in
which ideas are generated in response to specific triggers, such as
‘Service', ‘Participation’ or ‘Connections’. These activities are

typically used during divergent phases of the workshop (Jones et al.,
2008).

Transformational creativity is the result of changing or breaking the
rules that are implied by or constrain the partial or complete

possibilities that define the search space in which exploratory

creativity takes place. To achieve this, techniques such as
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constraint removal, in which domain assumptions are challenged
and ideas previously considered impossible are suggested, have

proved effective. These activities also typically take place during

divergent phases of the workshop (Maiden et al., 2010).

In activities based on combinational creativity techniques, elements
from multiple sources, for example randomly introduced objects or
pairs of existing requirements, are combined to create new ideas.
Typically, these combinational ideas might be expressed in a rich
storyboard. These activities would typically take place during
convergent phases of the workshop (Maiden et al., 2007). In addition
to the techniques that inform the workshops’ main activities, other
techniques that encourage playfulness, breakdown inhibitions and
let off steam, and support a positive atmosphere, are important to

the success of Creativity Workshops (Maiden et al., 2004).

2.4.1.3 Takeaways

The use of applied creativity techniques, which are based on a solid
theoretical basis, to structure workshop activities and support
participants’ creative processes, is a key lesson that can be taken
from the body of work describing the Creativity Workshop in

requirements engineering.

2.4.2 Generative Design Research
Generative approaches, in which the co-creation of artefacts is used
to uncover insights into people’s lives and materialise knowledge for
design requirements e.g. (Sanders, 2000; Sanders, 2005; Sanders &

Stappers, 2008; Sanders & Westerlund, 2011; Sanders & Stappers, 2012)

have increasingly been recognised as an effective approach to
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design research. Key to this approach is the practice of design
researchers creating generative toolkits. These toolkits are made up
of intentionally ambiguous stimuli and given to co-designers who
use them to make expressive artefacts. These artefacts can
describe future objects and become the focus of discussions that

encompass future experience.

The Generative Design Research approach is based on theories of
everyday creativity (Bohm, 2004), an appreciation that all people
have the capacity to be creative in their everyday activities. This is
similar to Boden’s concept of p-creativity, or creativity in the
psychology of an individual (Boden, 2004, p.2). Another key idea
underpinning this approach is that design is increasingly concerned
with experience, and that experience is best understood as the

subjective moment at which dreams and memories meet (Sanders,

2001). According to Sanders, exploring what people make is an
important technique in designing for experience, because it extends
further into the past memories and the future dreams of participants
than either watching what they do, which covers the current
situation, or listening to what they say, which typically extends only
to the recent past and near future (Sanders, 2001). This exploration of
what people make tells design researchers about ideas and feelings
that cannot be shared easily in purely verbal terms, helps to bring
out tacit knowledge and highlight unknown wishes or desires not

met by existing products or evident in current practice.

2.4.2.1 Tools

The tools of generative design research are typically organised and

presented as toolkits, a toolkit being “a collection of tools that are
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used in combination to serve a specific purpose” (Sanders et al.,

2010). According to (Sanders & Stappers, 2014), these “[tJoolkits are
made of 2D or 3D components such as pictures, words, phrases,
blocks, shapes, buttons, pipe cleaners, wires, etc.” In addition, they
are specific to the project or domain under investigation, and are
used by co-designers “fo make artefacts about or for the future”
(Sanders & Stappers, 2014). Toolkits are used both by individuals and
small groups, in processes that are typically guided and facilitated.
The tools in these toolkits may be intentionally ambiguous, so that
different people can interpret them in different ways, opening room

for creativity.

2.4.2.2 Techniques

Specific examples of the techniques used in generative design
research are closely tied to the particular toolkits prepared for
individual design projects. However, collectively these techniques
can be described as facilitated making, where both factors, the
making and the facilitation, are considered important. The making
will generally result in the creation of an artefact, which might take
the form of a collage or model, and through which competing ideas
can be considered and ambiguities resolved. The facilitation
provides guidance, instruction and scaffolding for participants,
encouraging their creativity and structuring activities to help them
recall and interpret memories, explain feelings, and express

imagined future experiences.

2.4.2.3 Takeaways

Generative design research demonstrates the importance of

encouraging participants’ creativity with making activities. It also
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reminds us that the design qualities of the tools we provide our co-
designers are an important feature of these tools. Finally, this
research shows us that making use of ambiguity can be a key
technique for exploring experience, and activating different

memories and feelings in people.

2.4.3 Inspiration Card Workshop

The Inspiration Card Workshop (Halskov & Dalsgard, 2006; Halskov &

Dalsgérd, 2007; Halskov, 2010) takes a shorter form than the Creativity

Workshop described above. It has been used to develop design
concepts in participatory interaction design projects. This workshop
may last somewhere in the region of two hours, and is undertaken
with the objective of combining the findings of initial domain studies
with sources of technological inspiration, to create new design

concepts.

The activities undertaken in an Inspiration Card Workshop are
based on Schoén’s theoretical understanding of design as a
reflective conversation with materials (Schén, 1992), and Ehn’s
identification of the balance between tradition and transcendence in
design innovation (Ehn, 1988, p. 28). These workshops also build on
previous work in which small cards are used to represent ideas,
aspects of the design context and other design materials by,

amongst others (Brandt & Messeter, 2004; Tudor et al., 1993).

2.4.3.1 Tools

The key tool used in the Inspiration Card Workshops is a set of
Inspiration Cards. These Inspiration Cards are small, 2” by 37,

cardboard cards that represent either information about the domain
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of the current design project, Domain Cards, or applications of novel
and inspirational technologies, Technology Cards. Along with the
Inspiration Cards, large worksheets are used to create collages
describing novel design concepts, called Concept Posters. In
addition to these custom materials, standard workshop stationary,

such as marker pens, is also used.

2.4.3.2 Techniques

The structure of an Inspiration Card Workshop is simple, consisting
of three stages: shared understanding, combination and co-

creation; and concept presentation.

During the shared understanding stage, each of the selected
Inspiration Cards is presented in turn. During the combination and
co-creation activity, which makes up the majority of the workshop,
participants collaboratively combine Inspiration Cards on the large
worksheets, and add textual descriptions or sketches, to make
Concept Posters. Halskov (2010) has described four main
techniques at play when interacting with the Inspiration Cards. The
most fundamental is Selection, in which a certain aspect or feature
is picked; this may be followed by Adaptation in which these
features undergo a modification so they better fit the current
situation; Translation is the process of taking a source of inspiration
from one place or situation and transplanting it to another; and
Combination, which for Halskov is the most necessary for
innovation, involves combining previously unrelated elements. This
is similar to Boden’s combinational creativity (Boden, 2004, p.3),
which has also been applied in the Creativity Workshops discussed

above.
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In the final section of the Inspiration Card Workshop, a reflection
technigue is used in which participants discuss or present each of
the design concepts that have been generated. This reflection is to
share a common understanding rather than to evaluate ideas. In this
way knowledge from the field under investigation and experience
from previous situations can be shared and explored as a way of

encouraging innovative ideas.

2.4.3.3 Takeaways

The Inspiration Card Workshop shows us how inspiration can be
found in images and other representations of the design situation’s
domain context, and how exploration of that context can be a
creative activity. They also show us that participatory creativity

activities can be successfully undertaken in time-restricted formats.

2.5 Related Tools and Techniques

In this section, the research background to the data exploration
tools and applied creativity techniques used in the CoDesign With
Data approach will be discussed. Section 2.5.1 provides a
background to the information visualization research that has
informed the way domain-relevant data are presented to workshop
participants. Section 2.5.3 discusses techniques that deliberately
structure and facilitate the creative process with the aim of
stimulating ideation and inspiring innovation. Using combinations of
these tools and techniques enables me to make domain-relevant
data accessible, engaging and inspirational to participants, and is
one of the factors that differentiate CoDesign With Data from other

approaches to collaborative workshops during early-stage design.
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2.5.1 Information Visualization: Tools for Exploring Data

A key challenge for CoDesign With Data workshops is to present
domain-relevant data in a way that is accessible to participants and
which engages and inspires them. These participants are
representative stakeholders and it is unlikely that they will be skilled
or experienced data analysts. The field of information visualization
research provides important guidance for using interactive
interfaces to represent data in a way that supports insight seeking in

diverse audiences.

Information visualization has classically been defined as “the use of
computer-supported, interactive, visual representations of abstract
data to amplify cognition”, its purpose being “insight not pictures”
(Card et al., 1999, p.7). To achieve this, information visualization
makes use of the human visual system’s powers of pattern
recognition and discrimination, mapping selected data to visual
variables such as colour, shape or size in order to support
perceptual processing and therefore enable users to explore large
amounts of what may be complex data. A detailed explanation for
this process can be found in Ware, who argues, “perception and
cognition are closely interrelated, which is why the words
understanding and seeing are synonymous” (Ware, 2012, p.xvi).
Information visualization has entered popular culture and been used
to present data in ways engaging to public audiences in examples
like Hans Rosling’s Gapminder ° presentations of international
development data and Aaron Koblin’s Flight Patterns™, which

displays the flight paths of US air traffic.

® www.gapminder.com
0 www.aaronkoblin.com
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Tufte provides seminal guidance on visually representing
guantitative information, showing ways to effectively present
numbers through abstract graphical images, and providing advice

on how to communicate with clarity, precision and efficiency, and
avoid ambiguity or distortions of what the data have to say (Tufte,
1983). Similarly, Bertin argues “[t]he entire problem is one of
augmenting this natural intelligence in the best possible way, of
finding the artificial memory that best supports our natural means of
perception” (Bertin, 2011, p.xiv). By this he means finding the visual
variables that will most effectively convey information and lead to
insight and understanding. Few provides guidance for how these

ideas of graphical clarity and effective use of visual variables can be
applied to the visual analysis of data using interactive software (Few,
2009). His focus in this guidance is an understanding of how best to
represent quantitative data for the purposes of analytical

exploration. This is important because we aim to present information

in ways that are understandable to participants.

Shneiderman identified information visualization as one of the key
tools to support twenty-first century creativity, when describing the
GENEX model of creative processes (Shneiderman, 1999;
Shneiderman, 2000). According to Shneiderman, it is particularly the
opportunities information visualization provides for comparing
alternatives thoroughly and rapidly, to help users gain insight and
generate ideas or hypotheses that are important in supporting
creative activities. This is important because my aim is to use the

insights gained from data to inspire participants’ creativity, and to
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provide a platform on which they might share their experiences and

knowledge to better understand the context these data come from.

Elmqvist et al. discuss interaction in information visualization using
Csikszentmihalyi’'s term flow as a key signifier for what they term
‘fluid interactions’ (Elmqvist et al., 2011). Flow describes the state of
total immersion in an activity, particularly creative activities
(Csikszentmihalyi, 1997). Elmqvist et al. use fluid interactions to
breakdown and describe the aspects of interaction style used in
those visualizations highlighted as best in class. These best in class
exemplars then form the basis for a useful set of design guidelines.

(Elmgqvist et al., 2011).

One of the systems highlighted as demonstrating fluid interactions is
the Name Voyager application (Wattenberg & Kriss, 2006). This is an
online application for exploring the historical popularity of American
baby names. Through tools such as Name Voyager, Wattenberg
and Kriss have shown how information visualization can encourage
people to undertake data exploration as a social activity. They
describe how the Name Voyager application was often used by
groups of two or more users to find subtle patterns and gain or
share knowledge. Wattenberg and Kriss argue that it is factors such
as smooth animation and large prominent interaction elements that
facilitate this social activity (Wattenberg & Kriss, 2006). These are
important lessons for this research, where information visualization
will be employed to inspire the creativity of non-expert users working

in collaborative activities.

As the field of information visualization research matures, the range

of activities visualization is employed to support has expanded, and
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new styles of visualisation design have emerged. Pousman, Stasko
and Mataes (2007) describe a class of casual information
visualization characterised as being non-work related, with a user
base not necessarily expert in data analysis, and where utilitarian
design goals can be traded in for a wider interpretation of what is
deemed useful. The visualization styles they describe are used to
support peripheral or ambient information seeking, social data
analysis, and as data art. Viégas and Wattenberg (2007) use artistic
visualization' as a classifier to describe visualization techniques that
express a particular, contextualized viewpoint. Kosara (2007) uses

‘artistic visualization’ to describe examples that evoke deep

emotional or intellectual responses.

Manovich (2011) makes a distinction between traditional information
visualization and ‘direct visualization’. According to Manovich,
information visualization uses graphical primitives, such us point,
line, and simple geometry, “to stand in for objects and the relations
between them’; and spatial variables, such as size, position, and
shape, “to represent key differences in the data and reveal patterns
and relations”. Manovich then identifies direct visualization as a new
form “creating new visual representations from the actual media
objects (images, video) or their parts” (Manovich, 2011). An example
of this can be seen in TimeLine'. Manovich has also noted
elsewhere that any mapping between data and representation is
potentially arbitrary, and has argued, therefore, that information
visualization techniques might be employed to display the ambiguity

inherent in experience (Manovich, 2002). These different ways of

" manovich.net/index.php/exhibitions/timeline
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representing data are of particular importance to the design

experiments described in Chapter 4 and Chapter 7.

As we can see from this brief discussion of the literature, information
visualization research provides a wealth of resources to help select
appropriate representations with which to present domain-relevant
data to workshop participants. However, there remain some key
gaps in this research. Most notably, Shneiderman first identified
information visualization as being a key technology for supporting
creative processes at the turn of the twenty-first century
(Shneiderman, 1999). However, there has been little or no research
that has focused on explaining why this might be so, or on how this

support can be provided since then.

Evidence for this gap in the research is provided by a search of the
IEEE Explore, ACM Digital Library, Academic Search Complete,
Science Direct and JSTOR databases, together with the City
University London library online database. This search, using the
search terms ‘creativity AND information visualization’ and ‘creativity
AND data visualization’ and searching title, abstract and author
keyword fields, returned just one entry (apart from that related to
Shneiderman’s original work), which described in detail how
information visualization was explicitly used as a creativity support

tool. Webb and Kerne seek to support information-based ideation
for users of digital libraries or information collections (Webb & Kerne,
2011). They highlight the implicit structuring of information used in
their visualization technique, as being in opposition to the

formalization and explicit structuring typically required by

information visualization. Whilst there are lessons to be learnt from
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this work, it is not an approach directly relevant to the research

detailed in this thesis.

This research gap also tells us that, although there are key lessons
to be learnt from research in this field, | cannot simply import the
practices of information visualization designers into my work without
seeking some empirical evidence for their efficacy in the setting |
aim to employ them. This is a key motivation for undertaking the

design experiments described in Chapter 4 and Chapter 7.

2.5.2 How Visualization Tools are Used in this Research

2.5.2.1 Insight Seeking

Insight is the key reason for visualizing information (Card et al., 1999,
p.7). It is also a key stage in many models of creative processes

(Lubart, 2001). Exploring ways to help co-designers find insight in
domain-relevant data is one of my research objectives. However the
processes by which information visualization users seek and gain
insight are not well understood (North, 2006; Yi et al., 2008). North
suggests that to study such insight seeking, it is better for
researchers to observe the insights users gain on their own, through
the use of think-aloud or similar protocols, rather than instructing
them on exactly what insights to look for (North, 2006). However,
within the constraints of time limited workshop activities, there may
also be a requirement to provide some structure or guidance for
participants. With this in mind, | experimented with techniques that
encourages participants to freely explore the visualized data but
that also use simple, open questions to provide loose guidance and

prompt participants to record the things that they find interesting or
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important. Examples of this Insight Seeking technique can be found

in the workshops reported in chapters 4, 5 and 8.

2.5.2.2 Using iPads for Visualization Interfaces in Workshops

The form factor of the device used to present interactive information
visualization interfaces to participants is another important factor in
a co-design workshop setting. Henderson and Yeow (2012) studied
the use of iPads in primary education and found that children would
pick the device up and use it intuitively. They found strong evidence
that the iPads were engaging for, and supported the collaboration
of, groups of children undertaking project work. The form factor,
mobility and relatively large multi-touch screen, they suggest, are
well suited to facilitating shared use. This suggests that an iPad
would also support workshop participants in collaborative data
exploration whilst they simultaneously undertake other tasks
associated with idea generation, such as sketching, note taking,
writing on post-its and generative activities. Another option that
might have been an alternative, tabletop computers, was ruled for
practical reasons of portability. Whilst other devices may also be
suitable, iPads have proved effective in all the studies in which |
have used them, giving me no practical reason to experiment with

alternatives as part of this research.

2.5.3 Applied Creativity: Techniques for Ideation

The application of techniques, methods or activities that aim to
deliberately stimulate creativity, innovation and ideation has been a

subject of interest at least as far back as the publication of Alex
Osborn’s seminal Applied Imagination (Osborn, 1952) in 1952. This

was the book in which the term and technique of brainstorming,
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probably the most widely known method of deliberate creativity, was

first introduced. Since then, many different techniques have been
published and popularised e.g. (De Bono, 2010; Foster, 1996), and
Osborn’s original ideas expanded and developed into the Creative
Problem Solving (CPS) framework (Isaksen et al., 2011). A key aspect
of the CPS approach, also found in similar methods e.g. Synectics
(Gordon, 1961), is the role of facilitation as a form of creative
leadership. This, according to VanPatter (2012), is a major factor in
distinguishing such applied creativity techniques from Design
Thinking, e.g. (Brown, 2008), because it separates process
knowledge, about how to stimulate and organise creative ideas,

from content knowledge, about the subject of design. For an

overview of the development of CPS, and a listing of some of the
empirical research that has gone into its verification, see (Isaksen &
Treffinger, 2004). Elsewhere, Biskjaer et al. (2010) provide an

overview of methods for inspiring creativity in interaction design.

The techniques these approaches to applied creativity use have
been categorized on a number of occasions, most of which have

resulted in two distinct groups of techniques. These two groupings
have variously been labelled logical and intuitive (Shah et al., 2000),
linear and intuitive (Miller, 1987, pp.64-81), and analytical and intuitive
(Couger et al., 1993). In each case the discriminating features of the
two groups are c