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by Tom Djajadiningrat, Luc Geurts, Jeanne De Bont
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by Vaijayanthi lyengar and Madhusudhan Marur
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by Jaap Knoester, Tom Djajadiningrat, Philip Ross
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Combining the Diachronic with the Synchronistic by Carol MacGillivray

The Semantics of Surprise in Industrial Design by Edgar Rodriguez Ramirez
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City Gallery Wellington, drinks and preview, Hylozoic series:Vesica
City Gallery Opening address: Mayor Celia Wade-Brown
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City Gallery Design Led Futures/Wellington 2040: Ross Stevens
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Discussion

Learn to Make, Make to Learn: Reflections from Sketching Haptics Workshops
by Camille Moussette

A Study on a Tangible Interaction Approach to Managing Wireless Connections
in a Smart Home Environment by Jeroen Peeters, Bram van der Vlist, Gerrit
Niezen, Jun Hu, Loe Feijs

Discussion

Afternoon Tea
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Paper Presentation VI: Fabricating Futures: Digital Manipulation,
Fabrication and the Craft of Design

Yeti: Designing Geometric Tools with Interactive Programming

by Daniel Davis, Jane Burry, Mark Burry

Towards a Responsive Architectural Morphing Skin by Chin Koi Khoo
Discussion

Digital-Physical Hybrid Design: Harmonizing the Real World and the Virtual
World by Mizuki Sakamoto, Tatsuo Nakajima, Todorka Alexandrova
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Neil Leach, Keynote Address

Optional visit: late night opening, Museum of New Zealand
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Session I: Interaction Design
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Discussion
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Pik Pok - http://pikpok.com/

Discussion

Morning Tea
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Discussion
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Chair: Prof. Steven Kyffin, Dean, School of Design, Northumbria University
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Prof. Simon Fraser, Head, School of Design, Victoria University of Wellington
Prof. Steven Kyffin, Dean, School of Design, Northumbria University, UK
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Foreword

DeSForM 2012

It is encouraging to witness the growing global influence of the DeSForM conference and
workshop series, and indeed to be an active part of this growth. Following on from the
2009 conference in Taipei, Taiwan and the 2010 conference in Lucerne, Switzerland, the
School of Design at Victoria University of Wellington, New Zealand is honoured to bring
DeSForM’s sphere of influence to the Southern Hemisphere for the first time.

DeSForM 2012: MEANING.MATTER.MAKING continues the tradition of diversity

and exchange. In reaching out to the many innovative schools, businesses, designers,
researchers and cultural organisations in the Southern Hemisphere and beyond, DeSForM
2012 will expand the organisation’s community, offering new horizons, insights and audiences.

The relative isolation of New Zealand confers real advantages. Being at the edge brings
freedom to improvise, to invent and to imagine. The School and its location in New
Zealand's ‘Creative Capital’ embodies many of the core principles of DeSForM as a
pioneering forum for the exchange of knowledge and ideas, unburdened by tradition and
accepted ways of doing things. Our South Pacific location has inspired a commitment to
digital technologies, which offer real opportunities to overcome distance with new forms of
communication, interaction and enhanced experiences. As a result the city has a colourful
and growing creative community of technology developers, software specialists, game and
interface designers, film makers and special effects researchers, usability experts, social
networking service providers and innovators in digital design, fabrication and distribution.

Against this backdrop, DeSForM 2012: MEANING.MATTER.MAKING is pleased to
welcome a diversity of practice-led researchers and research-led practitioners from
academia and industry, as well as representatives from the many disciplines, perspectives
and interpretations integral to the design and semantics of form and movement.

Design semantics — or the making of meaning through ‘matter’ — is of increasing relevance
to the practice of design in the twenty-first century. Rapidly evolving techniques and
processes are creating pathways for new modes of interactivity, expression, and experience.
These modalities offer expanded opportunities and contexts for design to communicate
meaning through form, movement and experience, extending the parameters of semantic
interpretation. Swift, on-going shifts in the ‘vocabulary’ of design suggest that it is time to
reevaluate our understanding of ‘semantics’. DeSForM2012 poses new questions for present
and future practice: What new engagements are being created and what boundaries are
being crossed or blurred in the digital age? How is digital design and manufacturing changing
relationships between designers, producers, and users? What role does the ‘material’ play
in an increasingly ‘immaterial’ culture of design? Can we maintain notions of creator and
ownership when all objects are digital and effortlessly duplicated? How will the products of
design be valued when the engines of creation become both powerful and commonplace?
With such questions at the fore, DeSForM 2012: MEANING.MATTER.MAKING explores

Design and semantics of form and movement



the design of physical and digital things, systems and environments, seeking novel
approaches to how meaning is both created and conveyed in the twenty-first century.
Emphasising future-oriented design, MEANING.MATTER.MAKING highlights a broad
range of scales and approaches, from the singular to the multiple, the hand to the machine,
the conceptual to the self-organising, and the sensory to the theoretical. DeSForM 2012:
MEANING.MATTER.MAKING brings together researchers, designers and industry
partners to share ideas, methods, and theories about the creation and communication

of meaning through design semantics.

We are honoured to have two world renowned keynote speakers joining us for the
conference:

Philip Beesley is Professor in the School of Architecture, University of Waterloo.

His work is widely cited as a pioneer in the rapidly expanding technology of responsive
architecture and spans a diverse range of expressive media, from that of architecture to
sculpture and installation.

Neil Leach, architect, theorist and Professor at the University of Southern California,
School of Architecture, has contributed significantly to the theorization of digital design,
with numerous exhibitions, edited volumes and monographs broadly addressing and
merging critical theory and digital design.

Another first, we are delighted to have been able to bring the premier exhibition of work
by Philip Beesley to New Zealand for DeSForM 2012. Beesley’s project, Hylozoic Series:
Vesica, references the tradition in medieval painting of circumscribing holy figures in a
luminous aura, forming a kind of liminal zone between the body and the outside world.
The exhibition will be held in one of the city's key cultural institutions, The City Gallery
Wellington, te whare toi, and will be shown in the prestigious Hirschfeld Gallery.

The installation features interactive kinetic systems composed of dense arrays of micro-
processors, sensors and actuator systems arranged within lightweight ‘textile’ structures
that explore emerging new technologies with digitally-fabricated components.The work
conveys a subtle quality of hovering, organic movement and with gently vibrating fields

of skeletal elements captures the otherwise imperceptible air currents produced by
participant viewers. The integration of chemistry and biology within the composition of
the sculptural body is an expression of Beesley’s evolving concept of ‘living architecture’.
This work integrates shared values of human caring, environmental and urban sustainability
with immersive creativity and experimentation. These values are framed within a philosophy
that sees humanity as participant in the complex negotiations between nature, culture

and technology that increase in complexity as we look into the future. In this last respect,
the exhibition aligns strongly with the City of Wellington's 2040 initiative that addresses
fundamental questions of future living and city making in the 21st century.

We would like to thank our principle sponsor, the Ministry of Science and Innovation

for supporting this event and for their enthusiastic facilitation of research links between
academia and industry in the digital creative sector. This support has been reciprocated in
turn by our industry partners whose generous collaboration in the form of presentations
and demonstrations adds significantly to the scope and impact of the conference.

Design and semantics of form and movement



We are also very grateful for the support of the Wellington City Council, not only as a

sponsor but also for recognising the need to develop productive and innovative knowledge
industries to support the vision of Wellington as a knowledge economy and New Zealand’s
creative capital; a vision that is shared and supported by Victoria University of Wellington.

We hereby offer the 7th DeSForM Proceedings. We would like to thank all the authors
who have submitted their work to DeSForM 2012:Meaning.Matter.Making as well as the
reviewers for their constructive and critical comments. We hope the presentations and
demonstrations will raise many questions and inspire lively discussion and debate about
the increasing sophistication and complexity of design research, theory and practice in
a constantly changing global context.

Wellington, April 18 2010

Programme Committee

Lin-Lin Chen, National Taiwan University of Science and Technology, Taiwan
Tom Djajadiningrat, Philips Design, Eindhoven, the Netherlands

Loe Feijs, Technical University Eindhoven, the Netherlands

Simon Fraser, Victoria University of Wellington, NZ

Steven Kyffin, Northumbria University, Newcastle upon Tyne, UK

Dagmar Steffen, Lucerne School of Art and Design, Switzerland
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Introduction

Interaction requires the involvement of two entities. In a world in which the development of
computational capacity, digital manufacture and ever advancing sensing technologies allows
for ever more complex digital and physical interactions, people and objects cannot be seen
as passive ‘users’ or static designs but as truly immersed participants and even co-creators.
Design, auspiciously living in between technology and people, has the opportunity and
responsibility to answer fundamental questions about co-designed, content rich, connected
and intelligent objects within adaptive systems. It is thrilling to see the response from designers,
researchers, artists, musicians and architects to these questions from the starting point of
the semantics of form and movement. The studies presented in these proceedings reflect a
gamut of design knowledge that embraces rigour in professional practice and beauty in research.

Immersive environments within adaptive systems and interactive devices are studied
through the design and analysis of several haptic and gesture controlled environments
and objects. We learn that while gesture control can be regarded as an exciting, beautiful
and useful feature in interactive devices, it can also be considered as intrusive through the
connotations it brings and even violate personal space. The appropriateness of gestures is
strongly dependent on socio-cultural contexts, which authors urge designers to evaluate.
Fortunately, authors also suggest ways in which designers can use theories from Gestalt
psychology to help people create accurate representations of tangible interactions.
Several papers make a strong case for the importance of digital manipulation, fabrication
and the craft of design. A ‘soft’ approach to responsive architecture suggests the use

of lightweight form-changing materials for architectural morphing skins. Interactive
programming is suggested as a way to design geometric tools. A documentation of industrial
design projects describes how digital technologies offer designers the opportunity to
experiment with new ways of expressing and manufacturing while reviving and expanding
traditional notions of craftsmanship.

Human emotions offer a vast area for investigation, which authors address through suggesting
co-authored narrative experiences in which audiences to affective and embodied interactions
move from being users to being co-creators. Papers also suggest strategies experienced
designers use to elicit surprise in people. A study on the design of a breastfeeding pump that
mimics many of the stimulating triggers provided by a baby and allows for a natural, intimate
and emotional experience suggests concepts such as ‘anthropomorphic form'’. This invites
people to engage with a product as if it were human, without what some people would
consider potentially disturbing anthropomorphic product appearance.

Papers also undertake the essential study of metaphors in semantics and suggest revealing
differences on how novice and experienced designers select sources of metaphors. The
concept of ‘semantic connections’ is suggested as an approach to overcome the move from
device-oriented paradigms to more task-oriented paradigms.

The topics, questions and findings addressed in these proceedings show state-of-the-art
research that is just scratching the surface of a rapidly evolving area. It can only make us
excited about what we will experience in our future and in subsequent DesForm workshops.

Edgar Rodriguez Ramirez, Editor, Proceedings, Victoria University of Wellington, NZ

Design and semantics of form and movement
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Keynote speaker - Philip Beesley

Diffusive form and
near-living environments

Abstract

Philip Beesley's Hylozoic Series explores how synthetic
environments might offer near-living qualities. New installations
in Wellington, Sydney, Madrid and Trondheim demonstrate
the technical progress and design methods currently being
developed at his studio which further pursue integrated
protocell chemistry, distributed kinetics and acoustics, and
evolutionary control systems. The presentation will trace the
origins of Beesley's Hylozoic Series, from archeological sites
beneath the Palatine Hill in Rome to land based geotextile
installations in the woods of Maine and coastal Nova Scotia.
Links will be drawn between these works, conceived as
regenerative ground coverings, and the more recent focus

on suspended, interactive environments. lllustrated projects
will include Beesley's entry into the 12th Venice Biennale in
Architecture, Hylozoic Ground (2010), the light-based Aurora
Series (2010), and the Epithelium Series (2008-2009) which
included air-muscle powered suspended meshworks populated
with densely massed whisker-like mechanisms.

A detailed tour through of this work will discuss design
methodology in relation to the components and systems that
constitute the anatomy of this expanded physiology. These
hovering filter environments, composed of tiny laser cut acrylic
elements, create diffusive boundaries between occupants

and the surrounding milieu. The structures prefer deeply
reticulated skins, turning away from the minimum surface
exposures of reductive crystal forms as they seek to maximize
interchange with the atmosphere and other occupants.

The discussion will also position this body of work within cultural
and theoretical discourse, drawing connections to Roman and
Greek atomists and Romantic theory. Building upon French art
historian George Didi Huberman'’s sensitive analysis of marginal
spaces seen within mediaeval paintings, Beesley will discuss
how the behaviours of his installations challenge Humanist
conceptions of environment and expansion of human domain.
The presentation will argue that diffusive, deeply reticulated
forms and unapologetically sentimental empathetic responses
can serve as effective design models for renewed public
architecture.

Design and semantics of form and movement

>

Philip Beesley is a Professor in the School of
Architecture at the University of Waterloo.

A practitioner of architecture and digital media art,
he was educated in visual art at Queen’s
University, in technology at Humber College, and
in architecture at the University of Toronto. At
Waterloo he serves as Director for the Integrated
Group for Visualization, Design and Manufacturing,
and as Director for Riverside Architectural

Press. He also holds the position of Examiner at
University College London. His Toronto-based
practice PBAI is an interdisciplinary design firm that
combines public buildings with exhibition design,
stage and lighting projects. The studio’'s methods
incorporate industrial design, digital prototyping,
and mechatronics engineering.

Philip Beesley's work is widely cited in the rapidly
expanding technology of responsive architecture.
He has authored and edited eight books and
appeared on the cover of Artificial Life (MIT),
LEONARDO and AD journals. Features include
national CBC news, Casa Vogue, WIRED, and

a series of TED talks. Distinctions include Prix

de Rome in Architecture (Canada), VIDA 11.0,
FEIDAD, Katerva finalist, and the Canada pavilion
at the 2010 Venice Biennale for Architecture.
Beesley's funding includes core CFI, SSHRC,
NSERC and Canada Council for the Arts grants.



Keynote speaker - Neil Leach

Desiring machines

Abstract

In his 1968 classic science fiction movie, 2001: A Space Odyssey,
Stanley Kubrick depicts a maverick computer attempting to take
charge of a mission to Jupiter, and oust the human occupants
from their spaceship. The 1960s were a time of great techno-
logical advances, and within a year of the launch of Kubrick’s
movie the US had successfully sent the Apollo 11 crew to

the Moon. Yet such was the suspicion of technology — and
computation in particular — that Kubrick’s apparent technophobia
was no isolated incident. Indeed for several decades afterwards
many schools of architecture were dominated by a phenomeno-
logical outlook, which saw technology as symptomatic of our
alienated condition in the world today, and the computer as anti-
thetical to human creativity. Indeed in some schools computers
were even banned from the design studio.

With the advent of the new millennium, however, the full impact
of technology on our lives has become only too evident. We now
live within a hyper-technological environment with computer
systems so advanced that even our individual mobile phones have
more computational power than the Apollo 11 mission to the
Moon. Our homes have become veritable ‘machines for living in’.
It is time, perhaps, to formulate a more sympathetic theoretical
approach towards technology.

This paper argues for a new theoretical approach towards
technology based on the materialist philosophies of Gilles
Deleuze and Manuel DelLanda, looking in particular at Deleuze’s
concepts of ‘machinic processes’ and ‘desiring machines’ —
concepts that move beyond the earlier distinction between

the mechanical and the organic, and that recognize the

human potential to absorb the new and the unfamiliar, and to
appropriate technology as a prosthesis to human operations.
The paper then goes on to look at design itself, and considers
various robotic fabrication technologies that may be understood
within this logic of ‘machinic processes’, especially 3-D printing.

The paper argues that while items within the home - chairs,
tables, shoes and even clothes — are being printed these days,
technologies for printing the home itself — architectural 3-D
printing — are less advanced. The paper considers three rival
attempts to develop the world’s first commercially available 3-D
concrete printer, evaluating the merits of each. It then goes on to
explore the race to print buildings not just on earth, but also on
the Moon, focusing in particular on the NASA sponsored project
to adapt the robotic concrete fabrication technique, Contour
Crafting, for printing structures out of regolith on the Moon.

>

Architect and theorist Neil Leach is currently
Professor at the University of Southern California,
School of Architecture. He previously has taught
at the University of Brighton, University of Bath,
Architectural Association School of Architecture,
University of Nottingham, Columbia University,
Cornell University, SCI-Arc, Royal Danish Academy
of Art, Dessau Institute of Architecture, and
Institute for Advanced Architecture of Catalonia.
Since 2004 Leach has co-curated exhibitions at
the Architecture Biennial Beijing with Xu Wei-
Guo, including Fast Forward>> (2004), Emerging
Talents, Emerging Technologies (2006), (Im)
material Processes: New Digital Techniques for
Architecture (2008), and Machinic Processes
(2010). With Roland Snooks he also co-curated
Swarm Intelligence: Architectures of Multi-Agent
Systems (2010) in Shanghai.

Leach has contributed significantly to the
theorization of digital design, with numerous
edited volumes and monographs broadly
addressing and merging critical theory and digital
design. These include Rethinking Architecture:

A Reader in Cultural Theory (Routledge, 1997);
The Anaesthetics of Architecture (MIT Press,
1999); Millennium Culture (Ellipsis, 1999);
Architecture and Revolution: Contemporary
Perspectives on Central and Eastern Europe
(Routledge, 1999); The Hieroglyphics of Space:
Reading and Experiencing the Modern Metropolis
(Routledge, 2002); Designing for a Digital World
(Wiley, 2002); China (Map Office, 2004); Digital
Tectonics (Wiley, 2004); Camouflage (MIT Press,
2006); Digital Cities (Wiley, 2009); Machinic
Processes (CABP, 2010); Scripting the Future
(Tongji, forthcoming); Fabricating the Future
(Tongji, forthcoming).

With Philip Yuan he also co-curated
DigitalFUTURE (2011) in Shanghai.

He is currently working on a research project
sponsored by NASA to design robots for
fabricating structures on the Moon.
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Semantic connections: A new interaction
paradigm for smart environments

Abstract

As the environments we inhabit contain a growing
number of networked, interactive products, both
users and designers need a better understanding of
how these products can potentially work together.
User interaction is changing from interaction with
single products into interaction with a larger system
of products. This trend faces designers with a
challenge: to create meaningful interactions for users
to deal with the complexity of the larger ecosystem
of technologies users function in. In this article

we introduce an interaction paradigm, where we
view smart environments in terms of connections
and associations between the actors and artefacts
within the environment. In this notion of Semantic
Connections, meaning is pivotal. We report on a
search for a theoretical foundation for our approach
in existing semantic theories. We attempt to use and
extend these theories beyond their traditional focus
on the appearance of objects and interaction with
them in isolation, towards designing for systems of
interoperating products. We illustrate our contribution
by providing examples of products and design
prototypes that implement our ideas. Although our
research is ongoing and the theory unfinished, we
believe that sharing our work can fuel the discussion
on how designers may deal with the challenges in
contemporary interaction design.
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1 Introduction

The environments that people inhabit are occupied by
a growing number of digital devices and gadgets. Many
of these devices may be connected to the Internet,
wireless networks or other devices. Interaction with
networked devices is changing from interaction with

a single device, to interaction with a larger system

of devices. Some of these devices are becoming

portals to information stored somewhere else (e.g.
online services). Others have the potential to share
information like multimedia content, data, device
capabilities and services. However, we have not yet
succeeded in seamlessly operating among these devices.
Especially when we consider the way user interaction
was envisioned in paradigms like Ambient Intelligence
[1], Pervasive Computing, Ubiquitous Computing [2]
and the more recent notion of an Internet of Things [3].
The key goal of ubiquitous computing! is “serendipitous
interoperability”, where devices which were not
necessarily designed to work together (e.g. built for
different purposes by different manufacturers at
different times) should be able to discover each others’
functionality and be able to make use of it [4]. Future
ubiquitous computing scenarios involve hundreds of
devices, appearing and disappearing as their owners
carry them from one room or building to another.

In this article we
adopt the paradigm of
ubiquitous computing,
as this matches our
understanding of a
smart environment
the closest.



Therefore, standardizing all the devices and usage
scenarios a priori is an unmanageable task.

Besides the technological challenges, there also lies

a challenge ahead for designing user interactions with
these ecosystems of interconnected devices. When
moving away from interaction with a single device
towards interactions with systems of devices, designers
need to find ways to communicate the relationships
between the devices and the larger system they are
part of. Additionally, designers need to find ways to
communicate the action possibilities of new, “emergent
functionalities”, that emerge when devices are being
interconnected. As Bill Buxton stated at the 2010
Design by Fire conference:

The real problems are not with any single device, but

in the complexity, the potential complexity of the larger
ecosystem of technologies that we function in. [...]

It's about how this device works with that device, whether
it's from the same or a different manufacturers; it’s the
complexity of the ecosystem. Why aren’t those things about
the interoperability taking more of a point? It's about the
society of appliances and how they work together, which is
the new frontier [5].

An important problem that arises when designing

for these systems of interactive objects is their highly
interactive and dynamic nature [6]. The inherent ever-
changing nature of these systems and the severely
limited overview of the ecosystem in its entirety is one
of the most important challenges a designer faces when
designing for such systems. Additionally, such a system
comprises many different “nodes” that the designer, at
the time of designing, has no control over. Yet, when
designing and adding new nodes to the system, making
them interoperable is crucial for success.

In this article we introduce an approach to systems,
focusing on the inter-device relations and connections
that exist or may potentially exist. We see these relations
as both real “physical” connections (e.g. wired or wireless
connections that exist in the real world) and “mental”
conceptual connections that seem to be there from a
user’s perspective. The context of the connections and
the things that they connect are pivotal for their meaning.
Previous work has resulted in similar approaches.
Newman, Sedivy, Neuwirth, Edwards, Hong, Izadi, et
al. have developed an approach, which they named
recombinant computing [7].

How objects of design acquire meaning throughout
their use has been the subject of design research for
many years. The process of making sense of artefacts
is described by theories such as product semantics [8],
product language [9], semiotics [10] and the theory of
affordances (a term originally coined by Gibson, but
introduced to the design community by Norman [11]).
While these theories provide handles for designers
when designing (simple) products and to some extent
also for designing interactive products, they have not
yet shown their potential for providing handles for the
design of systems of interoperating devices.

In this article we present an approach to designing for
user interaction in smart environments called Semantic
Connections [12]. Central to this approach is the focus
on the semantics — or meaning — of the connections
between artefacts in such a smart environment. We
report on a search for a theoretical foundation for our
approach in existing design and semantics theory, and
re-apply the theories to our notion of connections or
associations between artefacts.

2 Semantic Connections

To address the problems as outlined in the introduction,
this section introduces an approach to interaction with
a system of devices in which the connections and
associations between the devices play a central role.
Before we give an extensive review of existing semantic
theories and discuss their implications for our approach,
we first introduce our semantic connections interaction
model.

Semantic connections is a term for meaningful
connections and relationships between artefacts and
entities in an ecosystem of interconnected and inter-
operating devices. These connections can be viewed

as both the real, physical connections (e.g. wired or
wireless connections that exist between devices) and
mental or conceptual connections that seem to be
there from a user’s perspective. The context of the
connections (what things they connect) is pivotal for
their meaning. The term “semantic” refers to the
meaningfulness of the connections. We consider the
type of connection, which currently often has the
emphasis when interconnecting devices (e.g. WiFi,
Bluetooth, USB) not to be the most relevant, but what
the connection can do for someone - its functionality
(e.g. stream music, share files) — even more. Semantic
connections exist in both the physical world and the
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digital domain. They have informative properties,

i.e. they are perceivable in the physical world and

have sensory qualities that inform about their uses.

However, these physical qualities might be hidden at

some times, or only accessed on demand. We envision

semantic connections to exist between objects, people
and places. Not only objects and devices have meaning

in a system of networked devices. According to [13],

physical location within the home and device ownership

(or usage) are of central importance for understanding

and describing home networks by users. Amongst

places, people and objects, we specifically consider
semantic connections to exist between:

- artefacts;

- smart objects;

- Sensors;

- Ul elements;

- places;

- (smart) spaces; and

- persons.

Semantic connections have properties like directionality,

transitivity and modality (i.e. what things they carry).

Connections can be one-to-one, one-to-many, many-

to-one and many-to-many. Connections can be

persistent or temporary.

The rationale behind Semantic Connections is to rely on:

- the meaning of existing objects to provide meaning for
the relationships between the objects and the resulting
meaning of the networked objects.

- the power of natural mapping and locality, using real
objects and locations to provide meaning for the
connections that are created between the objects
and (object) locations.

- inherent, augmented and functional feedback and
feedforward to strengthen the meaning of the
connections and the emerging functionality [14].

The interactions with the connections and the objects

that are connected are the carriers of meaning.

This meaning may be supported or augmented with

informative concepts like symbols, icons and indication

functions [15]. We may need to rely on metaphors and
symbolic and iconic meaning, because they provide the
flexibility and expressiveness of language. Affordances
are crucial but limited. They invite for a certain action,

but only communicate the purpose of the action to a

certain extent. Communicating what will be the result

of an action — feed-forward — is the real challenge as the
action itself is not the goal of the user.
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Crucial to our approach is to make the gap between
user goal and action smaller. If we consider streaming
music from one device to another, “streaming” now
consists of multiple steps (actions) that do not necessarily
make sense. In our view, this single high-level goal
should have one (or at least as few as possible) single
high-level action(s). That single action should carry

the meaning of its goal. By using the physical world

as interaction space and using the real location of the
objects, we are reducing the need to identify the devices
from a list with names or rely on other forms

of representation.

2.1 Semantic Connections Interaction Model
A user interaction model for semantic connections

is shown in figure 1. It describes the various concepts
that are involved in the interaction in a smart space
and shows how these concepts work together.

The interaction model was inspired by the Tangible
Interaction model (MCRpd) by Ullmer and Ishii [16],
which in turn was based on the Model View Controller
(MVC) model. We distinguish between the physical part
of the user interaction and the part that takes place

in the digital domain. A user cannot directly observe
what is happening in the digital domain (and should not)
but experiences the effect it has in the physical world,
by interacting with the various smart objects and the
(semantic) connections that exist in-between them.

In doing so, users create a mental model of the objects/
system they are interacting with, which only partly (or
not at all) includes the digital part. Digital information
manifests itself in the physical world as data, media

and services. When a user interacts with a smart
object connected to the smart space, he/she senses
feedback and feedforward, directly from and inherent
to the controls of the device (inherent feedback),

digital information augmented onto the physical world
(augmented feedback) and perceives the functional
effect of the interactions (functional feedback).

The terminology, inherent, augmented and functional
feedforward and feedback is adopted from [14].

The user actions in the physical world are transformed
into interaction events and events/state changes, using
semantic transformations. This interaction data in terms
of user intentions is stored in the smart space?, possibly
together with user preferences, defaults and context
information.

2 The notion of smart
space means that data
is stored centrally, and
can be accessed by the
various smart objects
in the smart space. For
more information on
these concepts refer
to [17].
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Fig. 1. Semantic Connections user interaction model.

3 Design Semantics Theory

3.1 Direct Approach - Interaction Frogger
Framework

The Frogger framework, as was introduced by
Wensveen [18], describes user interaction in terms
of the information a user perceives, (like feedback
and feedforward) and the nature of this information.
It distinguishes between inherent, augmented and
functional information. These types of information
can serve as couplings between user actions and

the products’ functions in time, location, direction,
modality, dynamics and expression. Although the
framework was designed to describe the interaction
with electronic devices and their interfaces, many of
the concepts in the framework are applicable to our
semantic connections concept as well.

When a user performs an action and the device
responds with information that is directly related

to the function of that product (lighting switching
on when a light switch is operated), we speak of
functional feedback. When a device has more than one
functionality, functional feedback should be viewed

SMART
OBJECT

with respect to the users’ intentions and goals when
performing the action. If there is no direct link between
a user’s action and the direct function of the product,
or when there is a delay, augmented feedback can be
considered to confirm a user’s action. This feedback is
usually presented in the form of lights, sounds or labels.
Inherent feedback is directly coupled (inherently) to

the action itself, like the feeling of displacement, or

the sound of a button that is pressed.

While feedback is information that occurs after or
during the interaction, feedforward is the information
provided to the user before any action has taken place.
Inherent feedforward communicates what kind of action
is possible, and how one is able to carry out this action.
Inherent feedforward is in many ways similar to the
concept of affordances, revealing the action possibilities
of the product or its controls [18]. When an additional
source of information communicates what kind of action
is possible it is considered augmented feedforward.
Functional feedforward communicates the more general
purpose of a product. This type of information often
relies on association, metaphors and the sign function
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of products, which are described by theories such as
product semantics [8] and product language. Good
practice in creating inherent feedforward is making the
functional parts of a product visible, informing users
about the functionality of the product [11].

Implications for Semantic Connections.

If we view semantic connections in terms of the Inter-
action Frogger framework, the following interesting
insights emerge:

Feedback: When we consider multiple interconnected
devices and the functionalities and services they provide,
information like feedback and feedforward gets spatially
distributed. A user may operate a device, receiving
inherent feedback locally, but receiving augmented and/
or functional feedback remotely. In figure 1, the several
types of feedback are indicated. As inherent feedback
is inherent to the operational controls of the device,
these reside only in the physical world and are local

to the device. Augmented feedback is feedback that is
augmented from the digital domain onto the physical
world. This type of feedback is subject to change when
devices get connected to other devices. In the domain
of networked digital artefacts, functional feedback is

of a digital nature. Data, media and services that

exist in the digital domain become available in the
physical world, through the various devices and their
connections. Although many functionalities of digital
devices can be regarded as (displaying) media, data or
services, for some simple functionalities this seems
problematic. If we, for example, look at functional
lighting, it seems that the presence of light as the
functionality of a lighting device is not a very digital
concept. However, if we view a lighting device as a
networked smart device, the presence of lighting,
based on some sensor data, can be considered the
functionality of a digital service.

But what about the semantic connections themselves,
do they have these types of feedback as well? When
we approach the connections as if they were physical
entities with which one can interact, be it through

an interaction device, they do provide these types

of information as well. However, how this happens

and what kind of information it is, is slightly more
complicated. Inherent feedback is feedback that is
mediated through an interaction device, as one cannot
manipulate a connection directly. This inherent feedback
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may however be closely related to the action of making or
breaking a physical connection, like a snap or click when
the connection is made or broken. Augmented feedback
to indicate a connection may be in the form of lights, or
in the form of projected or displayed lines. Functional
feedback is information about the actual function of the
connection, like the sound from a speaker that was just
connected to a media player. This type of feedback always
reaches the user through the devices being connected.
Figure 2 shows examples of these types of feedback in
designs that were created for this research.

Feedforward: Inherent feedforward, conceptually similar
to the notion of affordances, provides information
about the action possibilities with the devices or the
individual controls of an interface. Similar to this are
also informatives [8, p. 117] and partially also indication
or marking functions as defined in the theory of product
language [15]. Inherent feedforward is always physical
and locally on the device. However, when devices or
objects are part of a larger system, feedforward also
emerges where interaction possibilities between objects
exist (e.g. a key that fits a lock, a connector of one
device or cable that fits another). The same holds for
augmented feedforward, lights, icons, symbols and
labels that provide additional information about the
action possibilities. These may concern the action
possibilities locally at the device, as well as action
possibilities that concern the interaction with other
devices in the environment. While inherent and
augmented information are primarily concerned with
“the how”, functional feedforward communicates “the
what”, the general function of the device or the function
of a control. This type of information often relies on
association, metaphors and the sign function of products,
and is described in theories such as product semantics
and product language. With multifunctional digital
artefacts, and even more with networked artefacts,
this becomes increasingly difficult. Introducing the
concept of semantic connections tries to address these
problems; therefore the functional feedforward is the
main challenge when designing semantic connections.
Functional feedforward should give information

about the function of the semantic connection

before the interaction takes place. Properly designing
functional feedforward is therefore the crucial part of
understanding semantic connections, smart services and
smart environments.



w

Fig. 2. Examples of the different types of feedback:

(a) Augmented feedback; (green) lights showing a
connection currently exists. (b) Inherent feedback;
the feeling of a ““snap” when two tiles are aligned. (c)
Functional feedback; a light rendering the mood of the
music when a music player is connected to it.

Wensveen [14] further proposes that in interaction,
these types of information can link action and function
together in time, location, direction, modality, dynamics
and expression. Strengthening these couplings between
action and function will lead to richer and more
intuitive interactions [18]. We can also view semantic
connections in the Frogger framework in more general
terms. Although semantic connections are not a physical
device or product, but rather describe the structure

or configuration of a system of devices, the Frogger
framework can teach us important lessons. When

we look at the link between action and functional
information in time or location, a strong link would
mean they coincide in time and location. For location
this would mean that the connection that is made
between devices corresponds to the location of the
actual devices in physical space. Additionally, the
direction of the action of connecting/disconnecting
devices, being moving devices towards or away from
each other, would strengthen the coupling in terms of
direction. Also, the direction of the action could have a
link to the directionality of the semantic connection that
is made. This is similar to the couplings in dynamics.

3.2 Product Semantics

As discussed previously (to some extent), the theory
of product semantics describes and analyzes the
meaning of products in terms of what a product is and
to a certain extent how it can be operated. Product
semantics is a theory about how products acquire
meaning. Krippendorff states in his work The Semantic
Turn [8]: “Humans do not see and act on the physical
qualities of things but on what they mean to them”

[8, p. 47] and “One always acts according to the
meaning of whatever one faces. [..] It always concerns
sets of possibilities and presupposes human agency”
[8, p. 58].

Krippendorff [8] thus differentiates between the
intended meaning of the designer, leading to the
design, and the meaning it eventually acquires after
interpretation and reinterpretation by the user during
use. These two meanings are different things and the
meaning that a design has for its user may be a different
one than the meaning the designer intended. This
concept of meaning is in accordance with information
theory, where the designer is viewed as a communicator
of a message in the form of a product and the user as
a receiver of that message [19].
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Krippendorff’s semantic theory has, as briefly discussed
before, a very human-centered approach; as he states:
“meanings are always someone’s construction [...]
meanings are always embodied in their beholder”

[8, p. 56]. He also argues for conceptual openness, as
meaning emerges in the process of human interaction
with artefacts. “Meanings are neither intrinsic to the
physical or material qualities of things, nor can they

be located within the human mind. [...] Meanings are
constructed from previous experiences, expanded on
them and drift, much like imagination does” [11, p. 56].
All meanings are context-dependent as usually many
meanings are possible, but only few of them make
practical sense. Artifacts may mean different things in
different contexts and may mean different things to
different people. Contexts limit the number of meanings
as “artifacts mean what their contexts permit” [8, p. 59].
Contexts work in two directions, in the sense that

one thing provides the context for the other and vice
versa. For artefacts this means that “the meaning of

an artefact’s parts depends on the meaning of their
arrangements, just as the meaning of its arrangements
depends on that of its parts” [8, p. 61]. Krippendorff
compares understanding complex artefacts with
reading texts, with the distinction that one can interact
physically with an artefact, in contrast with only visually
perceiving a text.

Krippendorff [8] speaks of four main mechanisms of
how artefacts acquire meaning: meaning of artefacts in
use, meaning of artefacts in language, meaning in the
lives of artefacts, and meaning in an ecology of artefacts.
For our semantic connections, both the first and the last
of these mechanisms invite a closer look.

Meanings of artefacts in use: Norman distinguishes
between surface artefacts (what you see is all you

get) and internal artefacts, of which the latter needs
interfaces to represent and allow control over its
internals. The majority of problems with usability

and the constructions of meaning occur with internal
artefacts. Krippendorff describes interfaces and

states that: “Humans always act so as to preserve the
meaningfulness of their interfaces” [8, p. 84]. When
using a well-designed interface users go through the
stages of:

Recognition: correctly identifying what something is
and what it can be used for;
Exploration: figuring out how to face something, how
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it works, what to do to achieve particular effects, and
Reliance: handling something so naturally that
attention can be on the sensed consequences of its use.

For recognition, (product) categories, (visual)
metaphors and attractiveness play an important role.
By finding resemblances in form and finding closeness to
ideal types of a product category, people can recognise
artefacts for what they are. Artefacts deviate from ideal
types in dimensions, varying within certain boundaries
of dimensions that define an artefact. They may also
vary in features, dispensable additions to an artefact
that do not alter its identity. As an example consider

a smart phone. With or without many of its features

it would still be a phone, as long as its core function is
preserved. When we have to recognise new artefacts
we can rely on the meaning of existing artefacts by
using metaphors. Central to the stage of exploration
are User Conceptual Models (UCMs), which are mental
models of how artefacts could work, when to do what,
and what to expect as a consequence of one’s actions.
Affordances and (physical) constraints are important
mechanisms to invite users into actions and guide users
in an artefact’s possible use. Other conceptual handles
for designing interfaces are informatives and semantic
layering. Informatives are similar to the concept of
“indication functions” in the theory of product language
and essentially guide and inform users about the flow
of the interaction. Informatives include: signals, state
indicators, progress reports, confirmings, affordings,
discontinuities, correlates, maps of possibilities, error
messages and instructions.

Meanings in an ecology of artefacts: Looking at artefacts
as a species, that are part of an ecology of things, is

an interesting viewpoint. There is a crucial difference
between ecologies of things and biological species
however, as is pointed out by Krippendorff “biological
species interact on their own terms; artefacts interact
on human terms” [8, p. 195]. Technological artefacts
do not know of each other but “interact with each
other on account of the designer’s specifications and/or
users’ desire to connect them” [8, p. 195]. Krippendorff
[8] distinguishes between diachronic accounts and
synchronic accounts to analyse ecologies of artefacts.
While for a diachronic account artefacts are being
traced according to their evolutions, a synchronic
account “describes the network of concurrent



connections between artefacts that co-determine their
use” [8, p. 197]. Important here are: causal connections
(actual physical connections); family resemblances
(belonging to the same product family, part-whole
relationships); metaphorical connections (carry meaning
between one, more familiar species of artefacts to
another species) and institutional liaisons (different
institutions are depending on the same species of
artefacts).

Within the context of smart environments, an
increasing amount of automation and increasing
interconnectedness may have a negative impact on the
meaningfulness of products. Artefacts can no longer

be considered in isolation, as they are part of a larger
ecosystem of technologies that we interact with.

Fig. 3. Example from our research; using a spotlight

metaphor to project connections into the physical

world.

The Spotlight Navigation device (top); and projecting

the wireless connections between devices (bottom).

Therefore, designers need to provide users with handles
and clues to make them understand and enable them

to be effective in such an ecosystem of technologies,

to understand what is happening and allow them to

be and feel in control.

Implications for Semantic Connections.
Considering the theory of product semantics, and in
particular Krippendorff’s view on semantics, we can
start defining what implications this has for our concept
of semantic connections.
Building on Krippendorff’s user-centred approach to
meaning, we should be careful when indicating that a
certain connection has a certain meaning. Although
it might have a certain predefined functionality, what
it will come to mean for its users is not entirely for
the designer to control. By taking a second-order
viewpoint, and using principles such as metaphor,
affordances and informatives to support the phases
of recognition, exploration and reliance, designers
can, however, provide circumstances that increase the
probability of the intended meaning to come across.
For semantic connections this might mean that we have
to look for reliable metaphors like physical cables and
the interactions with them. Or like using a spotlight
metaphor to explore connections that are invisible
without using it (figure 3).
Physical constraints and informatives like signals, state
indicators, affordances or discontinuities in form might
help to indicate where and how to act; how to make
or break connections, and which devices allow (and
which do not allow) to be connected. Additionally, the
notion of causal connections that link artefacts together,
like wired or wireless networks, that is known and
understood, provide helpful clues. Also the notion
of family resemblances, where portable media players,
stereo sets and speakers belonging to the same product
families, might provide practical understanding of
what a connection, connecting products of this family
(with music playing capabilities) together, might mean
and what the emerging functionality will be. Looking
from an ecological perspective the following should be
considered:
- The meaning of a semantic connection depends on
the meaning of the artefacts it connects.
- Semantic connections work in mutual cooperation.
They depend on other species (smart objects) and
also support them.
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- Semantic connections might also have competitive
interactions with other artefacts. Emergent
functionalities through interoperability between
artefacts could eventually lead to less objects around
us. By combining the functionality of several artefacts,
others might become obsolete (e.g. combining a
printer and a scanner gives copying functionality).

- Semantic connections may also have a cooperative
relationship with other artefacts, because more smart
objects might result in more semantic connections
being made.

3.3 Ecological Perception

Although the theory of ecological perception and the
concept of affordance has been briefly discussed in some
of the previous sections, we would like to discuss the
theory and its implications a bit further. While many of
the semantic theories discussed depart from a semiotic/
linguistic and communication perspective, the ecological
approach to perception has an entirely different
theoretical foundation. Despite these differences, it will
also become clear that on a practical level, the resulting
designs might rely on similar perceptual qualities.
Affordance, which is a central concept of ecological
perception theory, is the property of an object that
appeals to our sensory-motor skills, like a door-handle
that “affords” to be grabbed and a chair that “affords”
to be sat upon. When the insights of ecological
perception were introduced into design by Norman
[11], it fuelled the design community to try and solve
many usability problems. Whereas on a practical and
application level not necessarily relevant, Norman’s
view of affordances is slightly different from the original
thoughts of Gibson and many like-minded psychologists
[11, p. 219]. Central to the notion of affordances is the
inseparability of humans and their environments, as
humans have always dealt with their environments going
through evolution. Affordances can thus neither be seen
independently from humans, nor can they be viewed
independently from the environment. For affordances
to be detected, they need to be available as information
that can be perceived by the human perceptive system.
Secondly, they need to be viewed in relation to the
bodily properties of every individual. While chairs may
afford seating for adults, it may afford something else for
children that might play underneath it [20].
Furthermore, when designing complex products and
interfaces, affordances often work well for inviting users
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to perform certain actions that the controls

allow for. This does not necessarily indicate what the
results of such an action will be. This is acknowledged
by Djajadiningrat [21]; however, he also successfully
shows that the notion of affordances can be used as

a framework for design.

Implications for Semantic Connections.

Because connections/relationships between networked
artefacts are not physical, and perhaps only mental
constructions, affordances are a difficult concept in this
context. We can create affordances for the control
over these connections, but they will most likely only
reveal how to manipulate the connections/relations,
and not be very informative about the nature of these
connections. Here, associations and meanings of the
artefacts and their capabilities are important, which

are learnt and rooted in convention and previous
encounters with products. However, affordances can
be used to invite users to perform certain actions, and
these actions can carry meaning. To give a few examples
of possibilities - the affordance of a control to make

a connection can be shaped in such a way that it invites
an action that may associate it with permanent or
non-permanent connections, like a locking action after
inserting a connector into a socket. Furthermore, there
can be the affordance that invites the movement of

a control in a certain direction (e.g. a sliding switch).
This direction may in turn translate into the directionality
of a connection. Some of these ideas have been
implemented in the design of a digital camera and

a VCR controller as described in [21].

4 Discussion

In this article we have discussed various theories of
design and sense making. Much of the design theory
described is, however, about the meaning of objects
(or sometimes language) and originates from the era of
non-interactive, mechanical and electric products and
machines. With the introduction of microelectronics
and digital electronics, many of these theories have
been reconsidered to accommodate for interfaces

and interactivity, and some have evolved into new
ones. Now that we have entered the era of digital
networked artefacts, which introduces additional
concepts and complexity, these theories may need to
be reconsidered; especially when considering that the
networking technologies that connect these devices are



wireless and thus invisible. Even if we find ways to shape
objects in such a way that they reveal their connectivity,
how will they inform users about the possible
connection types and the emerging functionality?

Today networked objects are often recognised by their
LCD screens, as part of a product category of “smart
objects”, or desktop, portable or wearable computers.
Developing a form language and interaction paradigms
for such products is a challenge that a large part of

the (interaction) design community is and has been
working on. Despite these efforts, today’s products
remain mainly GUI-based and these GUI’s are the most
important means for controlling connectivity.

The semantic connections interaction model and
underlying theory proposes to reveal these invisible
connections and allow direct physical control over
them, like we have control over many physical wired
connections. To support this, part of our semantic
connections interaction model also proposes a software
architecture to solve the current interoperability
problems to a certain extent. This software
architecture enables networked devices to exchange
information and share device capabilities. Together this
is expected to enable users to interact with the various
devices in the system on a higher, more goal-oriented
level, moving away from the current device-oriented
way of interaction. Even though our approach still has
to prove itself in practice, our experimental prototypes
and setups show potential.

Wensveen et al. [14] propose an approach they refer

to as the direct approach, which departs from the idea
that not only the physical appearance of a product, but
also the actions it invites users to perform, are carriers
of meaning. They argue for a strong link between the
qualities of an action and the result of that action, as is
described in the Frogger framework [18]. The notion of
feed-forward is pivotal in this direct approach, especially
functional feedforward (as described in section 3.1). For
our notion of semantic connections, we rely on several
mechanisms to provide this (functional) feedforward.
First of all we rely on natural mappings [11]. The
connections or associative links are created between
devices, places, persons or interactive parts of devices,
that all exist in the physical reality. Instead of relying on
identifying networked devices by name or other types
of representation, we identify them by their physical
location, where users can perceive them, point at them
and touch them. Secondly, we rely on the meaning

of the devices that are being connected, in particular
the resemblances in meaning of the devices being
connected. Important here is the change in meaning
that might occur, when users view the device no longer
in isolation, but as part of a larger system. Krippendorff
[8] discusses these part-whole relationships (as is
described in section 3.2). Thirdly we rely on feedback
and feedforward being provided by a mediating device
or service, which has the special purpose to enable
exploring and manipulating the — otherwise invisible —
connections. We not only consider which things are
connected, but also how these connections are made.
This is where we have the freedom to carefully craft
the way we discover and manipulate these connections,
to provide additional information about what the
connection will mean once it is made. Once the
connection is active, in many cases the functional result
in the physical environment will give additional feedback
on the success and functionality of the connection that
was made.

Although we believe that our approach will contribute
to the necessary paradigm shift in user interaction,
needed to accommodate interaction with systems of
devices in contrast with single-device interactions, we
realise our contribution is only a start. However, we are
convinced that sharing this viewpoint and its theoretical
foundation with the design community can be beneficial
for starting the discussion amongst a larger audience
than primarily the ubiquitous computing research
communities and interaction designers working in

that area.
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Table manners: The influence
of context on gestural meaning

Abstract

We investigated the activation of gesture control

for a dining room table lamp. Using video scenarios
which show a user interacting with the lamp during a
dinner with friends, we carried out an online user test
comparing the existing activation through hand gesture
with three new alternatives: clapping, finger snapping
and voice. Though we had expected users to prefer
these alternatives for being more fluid, easier and faster
than the existing initiation through hand gesture, the
opposite turned out to be true. They were considered
intrusive since they disturb through sound, through
their connotations and by violating the personal space of
others. We argue that the appropriateness of gestures
is strongly dependent upon socio-cultural context and
should be evaluated in the final use context.

1 Introduction

In this project, we focused on an interaction style called
deviceless gesture control. Deviceless gesture control
allows users to operate devices from a distance without
the need for physical remote controls, body-worn
electronics or markers [1], [2].

One of the challenges with deviceless gesture control
from a distance is that it is difficult to distinguish
between gestures which are intended to control

the product and gestures which are not. That is, if
gesture control were continuously enabled, users

may unintentionally trigger a function. For example,

if the brightness of a dining room table lamp were
continuously controllable through an up-down gesture,
any vertical movement such as picking up a pan would
influence the lighting. To prevent such frustrating,
unintentional triggering, gesture control should only
become active after users have explicitly activated
gesture recognition. This activation is called the
initiation action.

2 Use Case: A Dining Room Table Lamp
One of our business divisions developed a gesture-
controlled prototype version of a Philips Arcitone dining
room table fixture (Figure 1). With this suspension
light, brightness can be controlled through a vertical
hand gesture. Moving the hand upwards increases the
fixture’s brightness, moving the hand downwards dims
it. The advantages of using gesture control for this type
of pendant light is that the user need not walk to a wall
dimmer, use a remote control nor touch the fixture
which would lead to it to sway. This Arcitone pendant
was first publicly shown to critical acclaim at Light +
Building 2010, a trade fair on architectural lighting [3].

The gesture initiation movement for this pendant
requires the user to move a hand horizontally from
either end of the lamp to just below the middle, then
move this hand downwards vertically, to finally stop and
wait for two seconds for the luminaire to confirm its
initiation through blinking (Figure 2).

Design and semantics of form and movement 27



Fig. 1. The Arcitone gesture-controlled pendant.

2.1 The Gesture Control Paradox:

The Unnatural Initiation Gesture

The difficulty in deciding upon an initiation procedure
based on movement only, is that the movement should
not occur in daily ritual as gesture control may then be
activated unintentionally, thereby defeating the point of
having an initiation gesture.

The paradox then is that while gesture control is often
described - as is voice control — as a form of natural
interaction, the required initiation is unnatural by
definition.

Indeed a user test conducted by the business division
concluded that, although the initiation was easily
learnable, it was not intuitive. Our team was asked to

investigate alternative ways of initiating gesture control.

2.2 Project Scope

When we started our project, the product design and
gesture sensor technology for the dining room table
fixture had already been frozen. Therefore it was not
possible to change the form factor. This blocked the
possibility to add use cues to the existing form or to
incorporate additional visual guidance through LEDs
or displays. Alternative initiation actions would have to
work in combination with the existing product design
and sensors.

3 Critiquing the Existing Initiation Action
In its strictest definition, intuitive interaction implies
that it is immediately clear to the user how to act
in order to achieve a certain goal. In other words,
users should not need to learn the right action by
trial and error, by instruction, or by having to read
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the manual. This is difficult to achieve with deviceless
gesture control, especially if no changes can be made
to the product design. We therefore focused on three
aspects in which the initiation gesture clearly fell short:
naturalness, repeatability and speed.

3.1 Naturalness

The original, movement-only initiation gesture has a
rather mechanical, even robotic expression, as there

is no flow to the movement. Due to cost-driven
technological choices, the user is required to move
orthogonally (first horizontally, then vertically) and then
pause (Figure 2). As a result, the initiation action felt like
an unlocking procedure and rather contrived.

A

Fig. 2. Diagram showing the dining room table fixture
suspended above a table. The original initiation gesture
required users to: (1) move their hand horizontally from
the side to just below the middle of the lamp, (2) move it
vertically downwards, (3) hold it still for two seconds.



3.2 Repeatability

Even experienced users did not always manage to
initiate gesture control successfully every time. Initiation
would fail if the user moved too quickly or too close
to the sensors. So, even though the gesture is easy to
remember in broad terms, it can be difficult to execute
it exactly correctly. The main reason for this is that
users only get feedback after they have completed the
initiation movement, not during the movement. Since
the interaction lacks real-time feedback, users cannot
correct their actions mid-movement. Their only option
is to carry out the movement and hope that it will turn
out to be correct. If not, they have to start all over
again which causes frustration.

3.3 Speed

Because of the change of direction and the pause, the
initiation gesture feels long-winded, even though the
initiation may only take seconds in absolute terms.
The emphasis is more on the initiation gesture than on
the functional gesture which changes the brightness.

3.4 Design Brief

Ideally, an initiation action should be accompanied by

continuous feedforward and feedback, which makes

users understand what is going wrong in case of errors

and which allows them to correct their actions [4],

[5]. However, with the product design already finished,

our options to provide such continuous guidance were

limited. We therefore aimed for an initiation action
which was short, so that in case of a false negative users
could try again without becoming too annoyed. The
initiation action should:

* Feel fluid and not be discontinuous in either space or
time. The user should be able to continue immediately
with the up-down gesture to control the brightness.

* Be sufficiently unusual to score low on false positive
(i.e. the product mistakenly flagging an event as an
initiation action), yet be simple enough not to result in
many false negatives.

* Be easy to get right every time without many false
negatives (i.e. the product mistakenly ignoring an
intentional initiation action) and without requiring
additional guidance.

* Feel instantaneous.

4 Initiation Alternatives

Through bodystorming we explored three initiation
alternatives: finger snap, double hand clap and voice.
Finger snapping and clapping were already suggested
repeatedly by test participants during earlier evaluations
of gesture-controlled lamps. All three alternatives are
multi-modal, require the recognition of both sound and
movement, and allow more fluid, simpler and quicker
initiation whilst managing the risk of false positives.
Simpler initiation is also interesting from a
communication perspective. As it is not self-evident
that a product can be controlled through gestures,
marketing gesture-controlled products is likely to
require an explanation of this new technology and how
to interact with these products. There are many touch
points at which both brand and user benefit from a
simple initiation gesture which can be explained in a split
second: in advertising, at point of sale, on the packaging,
in the manual etc.

4.1 Finger Snap, Double Clap and Voice

With finger snap initiation, after users have snapped
their fingers underneath the luminaire they can
immediately change the brightness by moving their hand
up-down. The initiation procedure through double
clapping is similar, with the only difference being that
instead of having to snap their fingers, users have to
clap their hands twice underneath the luminaire. With
voice initiation, users first say the name of the luminaire
to activate gesture control. This is similar to human-
human interaction in which we first attract a person

by saying their name to get his or her attention before
we enter into conversation. The risk of false positives
with voice initiation is increased if the word which is
used as the voice command does not occur in everyday
conversation. As the concept was to be tested in
Holland, we chose the name ‘Linea’, meaning ‘line’ in
Italian, as the name befits the minimalist rectilinear form
factor and because the word 'Linea’ is not part of the
Dutch language. Clearly, this name would not be a good
choice in Italy since the word ‘'linea’ occurs commonly in
Italian conversation.

4.2 Robustness

The term robustness refers to the ability of the product
to withstand adverse, confusing conditions. With

sound recognition, various noises may be mistaken for
the initiation sound. Though finger snapping has the
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Fig. 3c. Initiation by double clapping.

advantage that it can be done one-handedly, double
clapping is likely to be more robust than a single finger
snap. A single sound spike can result from all sorts

of actions (e.g. putting the lid on a pan, throwing a
magazine on the table), possibly resulting in false
positives, whilst two loud noises in succession are

far more unlikely to occur. Whilst clearly it would

be possible to analyse the waveform of the sound to
determine its origin, this puts higher demands on the
processing power of the embedded microcontroller

and thus raises the product’s complexity and bill of
materials.

The robustness of all three initiation methods can be
increased by requiring that sound and movement have
to be detected simultaneously. That is, the luminaire
only initiates if it ‘hears’ finger snapping, double clapping
or voice whilst detecting movement in the active zone.
If people make an initiation sound anywhere in the room
without movement being detected underneath the lamp,
gesture control will not be activated.

5 Online, Video-Based User Tests
To obtain user feedback we shot video scenarios of
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Fig. 3d. Initiation by voice.

the initiation options being used during a dinner party
(Figures 3a-3d). The resulting video clips were evaluated
in an online user test. The original, movement-based
initiation was the only method which was technically
operational. The other three (finger snap, double clap
and voice) were executed using a Wizard-of-Oz set-up.
As the actor carried out the gestures, the brightness of
the lamp was controlled from behind the scenes.

5.1 Hypothesis

Our hypothesis was that the alternative initiation
procedures would be preferred over the original
movement-only initiation, as the alternatives were less
contrived, less convoluted and faster.

5.2 Experimental Design

Twelve participants (5F, 7M) took part in the evaluation.
For the user evaluation AttrakDiff was used [6].

First, the participants watched the four movie clips

in randomized, counter-balanced order. Then they
watched them one by one, completing a questionnaire
after each viewing. They also sent us their comments
and critique.
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Fig. 4. AttrakDiff test results for the four initiation actions.

5.3 Results

The results are shown in Figure 4. Since the comparison
was based on video rather than on interaction with
working prototypes, all initiation methods offered
apparently perfect recognition: in all four videos

the user makes the correct gesture and the product
initiates correctly. Once implemented, some methods
will have a higher recognition rate than others. Such
recognition errors were not taken into account in this
test. The pragmatic quality scores are therefore not a
realistic reflection of real-world usability, but rather an
indication of perceived usability. On the hedonic axis
we see that finger snapping, double clapping and voice
all score significantly lower than the original movement-
based initiation. Hedonically, only finger snapping
approaches movement-based initiation.

5.4 Discussion

For an explanation of these results, consider some

of the comments provided by our participants.

Finger snap. It's considered impolite to attract attention
by snapping your fingers, but may be acceptable to a
device. Still, guests at the table may be disturbed.
Voice. Too loud and noisy.

Movement. In my opinion this is the friendliest way to
control the lamp, with the least hindrance on what is
going on around the table.

Double clap. This is too loud and noisy (e.g. when
you're in a conversation), people will be shaken up,
conversations might stop and all attention will go to
controlling a lamp. / | don’t want to clap my hands in
front of my guests’ noses nor make some funny noises
just to activate a dining lamp. / Gesture-controlled
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activation seems most logical to me (...once you know
how to use it and get used to it). In the movie it still
comes over a bit unnatural and complicated to me.
The recurring critique appears to be that the alternative
initiation methods are too intrusive for three reasons.
First, in a dining setting double clapping and finger
snapping both have the connotation of attracting
attention with an air of superiority (e.g. calling a waiter,
reproving children). Second, suddenly speaking to the
lamp, the sound of finger snapping and double clapping
may interrupt conversation. Third, by making these
gestures close to other people’s faces, the user is
intruding upon their personal space. Considering that
a table may only be 100cm wide and that the lamp is
suspended above the middle of the table, the user may
be finger snapping or double clapping as close a 50cm
from the face of a table companion.

In terms of hedonic quality, only finger snapping comes
close to movement-based initiation. However, not
everyone can snap their fingers sufficiently loudly,
resulting in consumers being locked out from using the
product.

In this particular use context, the original movement-
based initiation therefore remains — at least from a
hedonic point of view — the preferred initiation method.
The only way we may achieve a simpler initiation is

by reconsidering the product design and concurrently
designing the product’s form and required gestures.

6 Conclusions

Our experiences with the dining room table fixture

resulted in the following recommendations for the

design of gesture-controlled products:

* Use a holistic approach: product form, interaction
and gestures should be designed concurrently as they
are strongly interdependent. Premature decisions on
form without considering interaction and gestures can
result in ‘digging yourself a hole’ and the loss of design
opportunities.

* Provide continuous guidance: the product should
guide users during, rather than after, a gesture through
feedforward and feedback, thereby allowing users to
correct their actions.

* Evaluate in context: gestures should be evaluated with
a product’s final form factor and in the intended socio-
cultural context.
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Gestures carry not only functional information but

also socio-cultural and even emotional connotations.
Therefore, gestures which are simple to execute may
still be inappropriate in particular contexts. The three
multi-modal initiation actions were both simpler and
more robust than the initiation by movement only.

Yet users disliked them, as they were considered to

be in violation of good table manners.

This case study shows that we need to consider the
connotations or feelings that gestures might invoke,
something which can only be judged in combination
with the use context. Looking back, we did act out the
alternative multi-modal initiation actions in the early
stages of the project, but only in a meeting room setting
with a single user operating a task light. It was not until
we tried these initiation actions in a setting with dinner
guests and the fixture above the dining room table, that
we discovered the negative associations of the gestures.
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Persuasive design for energy saving
behavior through social gaming

Abstract

This paper proposes to use social network gaming

as a persuasive tool to adapt energy saving practices
amongst the Millennial Generation while using
connected devices or appliances. The proposed solution
leverages the power of connected devices and social
networking principles to bring behavioral changes

for efficient energy consumption among users aged
18-25 years. The paper is based on the insights gained
through the research we conducted to understand the
motivations of users regarding energy saving in devices,
capabilities of connected devices and the role of future
web. Insights from our research revealed that a solution
that is an extension of user’s daily energy consumption
behavior, could lead to sustained behavioral changes

for energy conservation. We suggest a system that
captures the energy consumption of users, analyses and
provides recommendations for efficient consumption
on a social networking game. This paper reports on the
work in progress of a gaming solution called ‘Wattever’.
Wattever is a social networking game which maps users’
devices in the real world to a game in the virtual world.

Keywords
Connected devices, social networking and gaming,
energy conservation, millennials, virtual worlds.

1 Introduction
Connected and smart environments make it possible
for users to be always ‘ON’ their devices. The inventory
of devices and appliances we use in our everyday life
continues to grow: Smartphones, Tablets, microwave,
smart TVs, washing machines, electric vehicles, etc [1].
A lot of these appliances consume a significant amount
of energy. There is a high demand for energy and the
supply is not meeting the equivalent to this demand [2].
Therefore it is essential to enable users to take steps
that support energy conservation in connected devices.
We adopted a three-pronged approach to propose an
energy conservation method for connected devices. We
studied the following factors
* Motivations of Millennials regarding energy
conservation
* Capabilities of connected devices
* Future web and its impact on users.
Using emergent technologies; Governments, Energy
providers, Device Manufacturers and other Energy
sector players are able to track and communicate
about energy consumption to users [3]. Although these
players are able to monitor, and analyze the energy
consumption information to the users, moderate
success has been achieved for the intended outcome of
changing the energy consumption behavior among users.
We conducted a user study to understand the inherent
motivations and issues in Millennials about adopting
existing energy conservation solutions.

Design and semantics of form and movement 33



2 Millennials and Energy Saving

The target audience for this solution is aged 18-25
years. They are also known as “Millennials” or the
Net Generation. Millennials have been chosen for
this study since they are characterized by heightened
use and familiarity with Communications, Media and
Digital technology [4]. The term "Digital Native" is
used to refer to the Millennials. In addition, their
constant exposure to the Internet and other digital
media has shaped how they receive information and
how they learn. To develop a thorough understanding
of Millennials behaviors and attitudes towards energy
saving, we conducted user research. Our research
included an online survey of 30 participants, one-on-
one interviews with ten participants and an extensive
literature study. The focus of this study was to
understand lifestyle, energy consumption awareness,
energy saving practices followed and issues faced, and
energy saving information needs required by them.

2.1 Insights

Based on our research user study and literature
study, we identified some key issues in existing
energy saving solutions. Figure 1 shows some existing
energy management solution interfaces that indicate
consumption of energy.

L

-

Fig. 1. Use of complex graphs in existing energy

management systems.

Complex graphs and visuals make energy information
dull and difficult to comprehend. We learnt that
frequent addressing of Energy issues as a crisis situation
has made it routine information and the alarming nature
of this propagation desensitizes the users to act on the
issue. Although there is a heightened awareness among
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users about energy wastage, they are little affected

by the repeated energy recommendations proposed
to them [5]. Studies reveal that [6] Millennials find
routine boring and unchallenging and are driven by a
need for novelty. Their preferences tend towards new
experimental actions, use of new technology and group
activities. Millennials believe that it is cool to be smart,
are tech savvy and goal oriented. This goal constitutes
major focus of their attention. For any other practice
or behavior to be adopted, they need a non-serious,
tangential motivation which does not divert them from
their main goal. We have identified this attribute, of
not developing a tangential approach for addressing
energy issues, as one of the reasons for the failure of
some existing energy saving behavior models. We also
found that energy cost saving is not the key motivating
factor for Millennials. Most users felt that the electricity
prices were reasonable and not significantly expensive
to motivate them to save energy. People generally
were unaware of the electricity costs and value for
money it provides [7]. Our research further indicated
that real-time feedback of energy consumption is
effective in promoting a sustained response and users
feel accountable for their actions. Therefore real-time
feedback can lead to reduced energy consumption [8],
[9]. We observed some personas enthusiastic about
saving energy were keen to know what to do ‘now’
rather than getting a delayed feedback about their
overall energy consumption.

3 Capabilities of Connected Devices and
Future Web
Trends indicate that devices and appliances will have
a unique way of identification in future as more and
more machines and people will get connected through
the internet. Future devices, like Smartphones, tablets,
electrical appliances, vehicles, etc. will be equipped
with an IP, hence capable of communicating with each
other and the user. Internet connected appliances will
empower users and energy service providers with more
access and control [10]. As new technologies like Cloud
computing enhance the addressability of appliances and
advanced computing capability will bring in ubiquity
of devices. The scope of future web also includes
networking within environment; hence the smart grid,
energy service providers, home environment and users’
devices, users’ social networks will be connected [11].
The omnipresence of the internet across systems can



be leveraged to bring together variable systems like
social networking, online gaming and connected devices.
The connectedness of devices will not only provide
information to users about energy consumption in their
devices, but also that of other users in their networks.
Moreover, when the users’ environment along with the
appliances will be connected to user’s social network,
they will have an involvement in the user’s decision
making. This reach of the internet through connected
devices, can be used to bring about a change in user
behavior, leveraging on its power of persuasion.

An important aspect of future web is social networking.
Insights from our user research indicate that social
media has been an important factor among users to
communicate and share information. Users choose
social networking sites to express themselves and

to reflect their personality. B.J. Fogg mentions that
social networks have an ability to trigger an inherent
motivation within users and hence persuade them to
take action [12]. Millennials have a notable presence in
social networks and social networking games. Currently
online social gaming is rapidly growing as a main form of
digital entertainment among Millennials. Online social
games like Sims Online, Cityville and Second Life are
good examples of the power of social games to engage
Millennials [13]. Studies show that the target audience
spends an average of 10.6 hours a day accessing social
networking [14]. Online multiplayer games add a social
dimension to the game, which manifests in changes in
existing behavior and/or emergence of new behaviors.
Users choose these games to reflect their personality
or aspirations through avatars. The word avatar
originated from Sanskrit and means ‘a form of self’.

An avatar is used for self-representation or the alter ego
of users [15], [16]. The behavior of a user’s redirection
of their feelings and desires through an avatar in a game
is referred to as ‘Transference’ [17]. An example of this
phenomenon is explained using the popular online game
Sims Social. Sims Social gives an opportunity for players
to interact with their friends in new ways. In addition to
taking care of the basic needs of one’s avatar, a user can
also enrich relationships with other online friends. This
game leverages on the existing relationship of friends on
Facebook to climb up in the game hierarchy. In order to
reach a relationship milestone within the game, the user
has to involve approval of the real Facebook friends.
Instead of choosing from predefined interactions with an

Al-controlled character, the user has to ponder about
the nature of the relationship to be established with

the online friend. These relationships range from being
friends, lovers, flirting, making out and even making
enemies. The avatars visit each other’s home and use
the objects in the home to explore new interactions,
like playing a guitar, looking at stars through a telescope,
etc. In order to customize and decorate the avatar’s
home, the user has to send requests to friends or spend
money to buy virtual merchandise. The eagerness of the
user to send many gift requests to each other and spend
real money to buy virtual merchandise in these games is
notable.

The entropy of parameters like the psychological

effects of Social Gaming, the capability of Connected
Devices and Web and principles of Sustainability can
result in a new learning leading to new behaviors. The
understanding of this learning can be used to develop
new approaches for promoting sustainable behaviors
among Millennials [18]. Our solution is therefore

built on social network gaming which is an already
established platform for communication and interaction
among Millennials.

3.1 Related Work: Energy Saving

We studied existing efforts to promote energy saving
behavior. An interesting solution is ‘Power House’

by Stanford University which gives users the task of
managing the power usage in a game world home and
incorporates their actual home’s utility data using a
smart meter [19]. Nissan’s Leaf line of electric vehicles
have “Eco Mode” software that keeps track of variables
like speed and power usage and provides feedback to
the drivers to improve driving efficiency. It also provides
online profiles to these drivers, so people can compete
with other drivers.

Another solution from OPOWER, a smart grid
software firm for energy conservation, provides
reports for users with monthly household energy
consumption. It also has a feature to compare individual
energy consumption over a period and also with other
households in the neighborhood. A successful case
study of OPOWER is in a California municipal utility
where they managed up to 4.1% energy saving during
peak season, using this solution [20].

The competition aspect of these solutions is a major
motivating factor for customers to consistently
consume less energy than those that do not.
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4 Design Proposal: A Social Gaming
Solution for Energy Saving
As established through the above studies the internet
makes it possible to monitor, control, regulate and
inform about the Energy supplied and consumed.
Leveraging this device capability and future web
capabilities, a solution is proposed to encourage
energy conservation behavior among users while using
electrical appliances and smart devices in connected
environments. Our proposed solution is called
‘Wattever’. This is a multiplayer online social game that
enlists players worldwide to save energy in using their
connected devices and appliances. Users’ real world
connected devices are mapped to a Green Plot in the
virtual world. The game world reflects the energy
consumption of the devices in the real world.
The virtual equivalent of users and their devices in the
game are the avatars and a green plot respectively. The
health of the plot of a user is directly proportional
to efficient energy consumption by devices in the
real world. The objective of the game is to efficiently
consume energy in connected devices in the real world
in order to maintain a flourishing green plot in their
virtual world equivalents. This real-virtual mapping
system is illustrated in Figure 2.

Fig. 2. A system where users’ real world entities like
connected appliances, law making bodies, friends and
social circle are metaphorically mapped into a virtual
gaming world with their virtual surrogates.

Lower energy consumption by a user in the real world
yields a higher game score in the virtual world. Since
this is a multiplayer social game, players can collaborate
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and compete with other players to obtain the highest-
scoring (lowest-energy using) models.

4.1 Game Play as a Single Player and a Multiplayer
The energy consumed by a player in the real world

is translated to the health of user’s green plot in the
game. Over-consumption or misuse of energy leads

to deterioration and efficient consumption results in
higher scores resulting in a flourishing green plot. The
challenge in the game is for the players to plan and
consume energy in real life effectively so as to score
higher and maintain the health of their plots. In case

of surplus energy consumption, there is an energy loss
which leads to negative scoring and the corresponding
wilting of plants in the player’s plot. Users are motivated
to decrease their surplus energy consumption by
noticing a corresponding weakening of health in the
game. Apart from this, in order to inculcate new energy
saving practices among users, they are given tasks in the
game interface. Tasks are activities to be undertaken by
the players which will result in energy saving. The tasks
are devised based on multiple factors such as: Energy
standards, device capabilities, information on energy
from the Smart Grid and the user’s profile information.
These tasks are either to be achieved as an individual

or as a group. Table 1 describes the type of tasks that
can be undertaken by players in this game, the challenge
posed to the user and their examples.

Task Challenge Example

To decrease over-
consumption of of electrical
energy in daily appliances off, even
usage of connected when they have
devices been switched off

General Tasks Turning the switch

To decrease over-
consumption of
energy by adopting
new practices in
individual usage of
devices

Task as a single
player

Washing clothes in
washing machine
during non-peak
hours based on
Demand Response
cycles

To decrease
over-consumption
of energy as a
community

Task as a multi-
player

Organized
carpooling in an
internet connected
Electric vehicle

Table 1. Tasks and challenges based on single and
multiplayer options.



Fig. 3. Wattever interface with player’s avatar
and green plot.

Each task will have corresponding recommendations
for saving energy. A user can choose a suitable energy
saving recommendation and complete the task. Since
learning of energy efficient practices is paramount to
the success of the game, an increasing learning curve
will be maintained in these tasks, as users proceed to
subsequent levels. Some tasks will be easy and lead to
marginal energy saving, whereas completion of tougher
tasks will result in higher scores and therefore more
energy saving. Upon completion of these tasks players
are rewarded with scores, collectables or titles. These
rewards are an incentive for players to keep saving
energy (see Player engagement mechanism: Section 4.4).
Apart from earning scores and rewards, players will also
be able to publish their energy saving achievements on
their social networking sites.

4.2 Game Interface

Wattever provides a playful interface through which users
can monitor and control the energy consumption of their
devices. Figure 3 illustrates the basic screen of this game.
The interface primarily has a plot with green plants.
Other interface elements on the screen are tasks,
scores and user’s energy consumption data. In Figure

3 the user has been given a task to restore a wilting
plant. There is an avatar of the player who tends this
plot, restores the wilting plants and maintains its health.
The greenery of a player’s plot is a visual indicator of
how efficiently the player is consuming energy. Since
Wattever is accessible from multiple user devices,

like PC, Smartphone or tablet, a common interface

is proposed. This interface provides a unique feature,
where users will be able to see their devices as part of
a feedback loop of the game (see Recommendation and
Feedback mechanism: section 4.3, 4.4).

4.3 Recommendations in Wattever

Wattever provides energy saving recommendations to
the users to regulate their energy consumption. These
recommendations are based on tasks undertaken by
players. The recommendations are contextual to users.
These recommendations are formed taking into account
the following factors:

* The energy to be saved for the task chosen by users/players

Fig. 4. Recommendations for energy conservation.

* Users’ devices that are consuming surplus energy
* Recommended Energy Standards for devices by
Energy Saving Bodies and Government policies
» Comparative energy consumption of other players
in the game network.
These recommendations are real time by default
but can be based on timings set by users. The real
time recommendation appears as notifications on
users’ device screens. Users can interact with these
notifications to take energy saving actions. Users
will get multiple choices of recommendations to save
energy and complete a task. Users can choose to act
on a suitable recommendation. These actions need
not be taken only when users are actively playing the
game. The ubiquity of devices facilitates users to act
on given recommendations from any of their devices.
These recommendations are given in game vocabulary.
For example, in Figure 4 the user has a task to restore
a wilting plant. The reason for a plant to wilt is due to
surplus energy consumption amongst the user’s devices.
Figure 4 shows a recommendation pop up in the game
interface. This recommendation consists of choices like:
* Switching off a gaming console
* Following recommended device settings of a steaming iron

* Turning off a porch light.

The details of the recommendations mention the
devices that are consuming extra energy, their individual
energy consumption in kilowatts and the energy cost

of each device. Users can implement the suggested
recommendations via the game interface. Interactions
with the game interface will enable users to control
their devices any time and anywhere. Users are prompted
to switch a device off through the game, using the visual
cues. A wilting plant will prompt a user to take action,
and the user will follow the suggested recommendation
through the game. For example in figure 4, the user
switches off the gaming console while not using it.

4.4 Feedback, Scores and Rewards in Wattever
Once players have taken the recommended action,
they are provided with feedback. Feedback loops are
employed by many social games to give compelling
information to the users about the tasks they have
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undertaken. These can be positive or negative feedback
based on the consequence of a player’s action. The
positive feedback is in the form of scores and rewards.
The scores help to maintain the point system in the
game. Higher scores lead to better rewards and lower
scores lead to a deterioration of health of the green
plot. Hence players are motivated to earn high scores
in order to unlock new rewards in forthcoming game
levels and maintain the plot’s health.

The calculation of scores is made based on the
recommended energy consumption levels of users’
devices. The average energy consumption level is not
just based on energy consumed by devices but also
various external parameters. Energy requirement per
devices, time of day, age of the device and efficiency
standards of a device are all taken into consideration
while evaluating a device’s energy consumption.

Earning a particular total of scores corresponds to
rewards in Wattever. These rewards provide incentives
to players in the real and virtual worlds. The real world
incentives can include cash discounts while buying
energy efficient devices from device manufacturers, tax
incentives from government, Wattever game badges,
goodies and so on. Virtual rewards, as the name
suggests are not tangible. These rewards can be used by
the players to enhance their existing game experience.
These rewards include Game Titles, collectibles, virtual
gifts and more. The rewards are not only meant for

a single player but involve multiple players in a user’s
network. For example rewarding a player with an
ability to challenge other players, game tokens that help
players to buy collectibles in the game that help through
difficult challenges. These reward systems offer various
forms of addictive gaming. Negative feedback is given
when a user fails to perform the given task. Examples of
negative feedback include negative scoring, loss or turn.
Wattever will employ a feedback loop that encourages
its players to perform energy saving actions. The
priority will be given to positive feedback, so that
players are encouraged by rewards of playing the game.
Players can earn ‘in game’ tokens which will enable
them to decorate their game environment. Negative
feedback will be subtle unlike many social games. Since
the primary goal of this game is Energy Saving and not
entertainment, player’s inability to complete the task
should not be dealt as a punishment. Failure to complete
a task will result in a lower score and affect the health
of elements in a player’s game plot.
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Feedback also provides an opportunity for players to
brag about their achievements in a social networking
platform. Users can use this to project their green facet
on a social network. Wattever uses player engagement
mechanisms to engage the users to undertake new
energy saving tasks, without losing the excitement

of performing the task. The playful interaction and the
inbuilt sociability of this game will be used to develop

a closer bond between users and their appliances. Figure
5 displays feedback to the player about earning

a high score for switching off an unused gaming console.

Fig. 5. Positive feedback saving energy saving.

4.5 Social Gameplay of Wattever
Wattever reflects the energy consumption in devices
of an individual and a social community who are part of
the game. A user is not only motivated as an individual
but as a social being to save energy. The social nature of
this game gives a platform to users to take up activities
together. Many online social games involve the users and
their network to cooperate within a game.
For example in the popular social game Cityville, if
a player has cultivated some crops and is unable to
harvest them in the right time, player’s friends can come
and harvest it for them, saving them from withering. The
player who has been helped by a friend feels obligated to
help the other friend in an hour of need. This causes the
effect of reciprocity [21], that is, when people give you
something, you feel the need to give something back.
Reciprocity is employed in Wattever to enable users
to help each other save energy. Wattever proposes
the following method by which a community can play
together in the game to save energy:
* User’s friends can reduce their regular consumption
in order to gain game scores and share it to maintain
the health of user’s game plot
* Users can be given a task, completion of which
depends upon actions of multiple players



* Users can give device control rights to other trusted
players, and manage energy consumption of each
other’s devices.

If the user is consuming surplus energy due to an
unavoidable reason, the user’s social network can come
to the rescue by choosing from the above mentioned
options. Users can make individual contributions to
saving energy, in order to achieve a community goal in the
game. Figure 6 displays how different players adapt energy
saving practices to complete a group task in the game.

e

.

Fig. 6. Multiple players acting together to complete a task.

In fig. 6 users adapt sustainable practices like car pooling,
using solar power and washing in water saving mode,

in order to unlock a community park in the game. A
community park adds to the visual appeal of the neighbor-
hood. A neighborhood is formed by a network of friends
in Wattever. Therefore networks of friends can compete
against each other to have a better virtual neighborhood.
The multiplayer nature of Wattever encourages
cooperation and healthy competition thus leading to
gamification of energy saving practices. The intent of
gamification is to inculcate competition in an otherwise
mundane task. At the end of completing a task in the
game, the users are given positive feedback and also
reminded of how their other friends are faring in the
game. When users of similar lifestyle and life stage
compare each other’s progress the sense of competition
is invoked where each player tries to outscore

one another. The scores of players are displayed in
scoreboards. Wattever will display the scores of users
along with their corresponding game title and rank. In
this game, players are encouraged to compare their
appliance usage statistics with other users who are
faring better using a similar appliance.

4.6 Player Engagement Mechanisms
Popular social networking games imperatively focus on
Player Engagement Mechanisms. These mechanisms are

used to retain the interest of players for a sustained
period through powerful player engagement strategies.
Few examples of these mechanisms include enhancing
entertainment value, encouraging cooperation and
competition between players, giving bragging rights

for achievements and rewarding completion of tasks.
Many games have employed these tactics to keep the
existing players tied to the game and also to entice

the less active players back to the game. A notable
mechanism developed by the online games is that of
gifting. These gift announcements are made on the
user’s social networking profile and the user’s network
is notified about this. These gifts usually are useful to
their recipients to complete some game task. Figure 7
indicates the player engagement features employed in a
social game design to make lasting behavioral changes in
Millennials.

Fig. 7. Player
engagement features
employed in a social
game design.

4.6 Wattever: The Game’s Integration with
Connected Devices

Wattever players leverage addressability of devices

to use and control them. The real time device usage
information of a user’s connected devices is pushed to
the internet. Increasing the number of sensors in the
devices, device to device communication and DLNA
capabilities are additional enablers of connected devices
to collect energy information. The ease of access of
energy information facilitates enhances the monitoring
and tracking of energy consumption by appliances of
different users. A system where the web encompasses
energy information from different entities like legal bodies,
smart homes, smart grid, external services providers and
users on social networks is shown in Figure 8.

A system like this works on the participation of multiple
stakeholders for energy saving. Device providers can
enable the device with sensors so that energy consumed
by the devices is pushed via the internet to information
providers. Sustainability Service providers like AMEE
[22] can aggregate this energy data and distill this

into meaningful information. Smart energy standards
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bodies like ZigBee alliance [23] can share protocols for
interoperable products that monitor, control, inform
and automate the delivery and use of energy. Smart grid
can predict and intelligently respond to the behavior
and actions of all electric power users connected to

it in order to efficiently deliver sustainable electricity
services. Social networks can provide data about
individual users and help in the profiling of energy
consumption data. The aggregated data is analyzed

by our proposed system and mapped to its virtual
equivalent in the game world. For example, if the user
has consumed an amount of surplus energy, then a
corresponding amount of damage will be incurred to an
element in the game world. The devices are not mapped
one to one in the virtual world whereas the health of
the virtual elements in the game corresponds to the
total energy consumption by real world devices. This
damage can be rectified by adopting energy efficient
practices while using devices and appliances and gaining
game scores. These scores are considered to restore
the health of the game world element.

4.7 Why Will this Work?

Wattever presents an informal environment to learn
energy saving practices. This energy saving Social

Game can result in a system that subtly assists users to
consume energy efficiently. Online Social games already
have an established popularity among Millennials. Hence
this approach will provide a lower learning barrier to
users than adopting a complex energy saving practice.
The multisensory experiences that games can provide
increase the attention span on energy conservation

of Millennials [24].

The key differentiator of this approach is that a user

is adopting energy saving practices through other users
instead of an impersonal third party recommendation.
The metaphorical representation of one’s own devices
in a game world establishes closer relation between
users and their devices. Studies show that users perform
better in the presence of others [25] and follow people
with lifestyle similarities and for information [26].
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Fig. 8. A system that analyzes energy
consumption based on inputs from
various information providers.

Therefore players can learn the best energy saving
practices from each other to prosper in the game.

The internet provides a ‘Never off/always on’
experience. Wattever can leverage this to engage
players in energy saving games through time zones.
This capability also provides for the possibility of
people from different cultures and countries coming
together under the cause of energy saving through the
game. Because of this ‘Never off/always on’ nature of the
internet, multiplayer online games can have players across
the globe engaged in heated competition with teams
comprising of players across time zones and geographies.

4.8 Future Direction of Using a Social Gaming
Approach for Inculcating Desired Behaviors
Changes in technology provide creative ways to reach
the target population. The proposed solution harnesses
the ability of future web and connected devices to create
a virtual world for the user. This solution caters to core
motivation and inner needs among the target age group.
A role playing game gives a user the freedom of choice;
this is exercised when users strategize about survival
and the success of their avatars in the game world.

By addressing inherent needs of Millennials like the need
for power, affiliation and a sense of achievement though
an energy saving online game; a new approach is created
to communicate about the seriousness of the energy
issue. An online social game removes the alarming
nature of this situation and makes the learning more
enjoyable and active. The learning curve in a simulated
virtual environment is lesser than other traditional
methods of addressing the energy crisis. Wattever

can cater to a broader audience who are already

playing a variety of online social games and provide

a complement and supplement to other traditional
methods of energy saving.

5 Conclusion

We have proposed the social gaming approach for
energy saving based on our insights from research
aimed at Millennials. Wattever’s game design principles
and scoring algorithms have to be further articulated.
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However, this research helped us develop a new
approach of a tangential and casual motivation for
encouraging desired behavior in Millennials. The learning
from this project can be employed for causes other
than sustainability like, education, healthcare, driving
behavior, abstinence from anti-social practices and so on.
Social games provide a rich learning platform which can
be embraced by device manufacturers, energy solution
providers and governments to keep up with today’s and
future generations’ thinking and behaviors.
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playful interaction

Abstract

The course Embodiment, Tangible Interaction and
Games was offered as an elective in the Bachelor of
Creative Technologies (BCT) programme at Auckland
University of Technology, New Zealand in semester
1/2011. It was open to year two and three students.

We discussed ideas of phenomenology and attempted to
apply them to the design of interactive installations. The
installations integrated space, movement and artefacts
in collaborative and competitive settings and in playful
ways. A number of the installations appear suited for
exhibition and are presented here. The Eight-Bit Mirror,
Deimous and [sol] are student works*, Box Me Dumb
Human was developed by the author while preparing
the course. The installations focus on different sides of
the bodily experience, and on different aspects of playful
interaction.

Keywords
Student works, phenomenology, tangible interaction, play.

1 Introduction

The course Embodiment, Tangible Interaction and
Games was offered as an elective in the Bachelor

of Creative Technologies (BCT) programme at
Auckland University of Technology, New Zealand, in
semester 1/2011. The programme was only established
a few years ago in 2008 and is located within the
Interdisciplinary Unit which was formed to develop
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new experimental alliances, research collaborations
and student-centred learning experiences across the
overlapping disciplines of Art & Design, Computing

& Mathematical Sciences, Communications & Media
Studies, and Engineering. The research-led BCT is seen
as a key component of this interdisciplinary project.
The course was open to year two and three students.
We discussed ideas of phenomenology in relation

to software systems (e.g. [1], [2]) and attempted to
develop holistic concepts for interactive, playable
installations. The student works were conceived and
created in a process that attempted to include and
connect theory and practice, writing and building,
reflection and action. Lectures were accompanied

by technical tutorials and exercises. Students were
asked to research theory, implement a classic computer
game, create several designs for their project, build
mock-ups and prototypes, and present, discuss and
critique their works.

The installations incorporated the arrangement

of physical objects in space, and bodily action and
movement in a collaborative or competitive setting of
multiple users as outlined in [3]. The students came up
with very different ideas for their projects which varied
considerably in the ways they established connections
to phenomenology. Some works were open-ended and
invited free exploration, some had explicitly defined and
formulated goals and were organised in levels or rounds;
some had background stories, some incorporated

1 The Eight-Bit Mirror
was developed by
Felicity Powell, Nick
Redwood and Dylan
Turney; Deimous

by Anneke Crouse,
Brandon Dawson and
Sahil Vallabh; [sol] by
Tarei King, Zak Henry
and Thorsten Ziller.

2 This quote and the
following quotes are
taken from design
documents written
by the students.



Fig. 1. Eight-Bit
Mirror (top)
and Deimous
(bottom).

abstract entities; some took the notion of playful
interaction in the direction of action games, some
moved towards artistic reflection.

2 Eight-Bit Mirror

The Eight-Bit Mirror installation (Fig. 1) is an interactive
mirror, inviting passing people to interact playfully with
its representation. It mixes recordings and live view, and
it shows a roughly pixelated image in black and white,
similar to [4], [5] and [6].

The installation was inspired by J.J. Gibson’s studies

in the field of visual perception and aims at creating

a visual instigator to prompt moments of instinctual
reaction in the visitor. ‘The original idea came from
observing both animals and infants' reactions to
mirrors. [...] Reflections and mirrors are often met
with a raw curiosity, and perhaps in some cases a mild
alarm.”? The Eight-Bit Mirror attempts to create a visual
anomaly 'to examine, experiment, or provide insight
into overall visual behaviours'. It is something like a
magic mirror, that augments or diminishes what it sees
and reflects. It creates ‘a sort of alternate universe

in which the projection is still a mirror image of the
person[s] interacting with the installation, but it does
not behave as an everyday mirror image is expected to’.
The software reads the visitors’ silhouettes for a few
seconds and makes ‘the projection behave in anomalous
ways by rewinding, fast-forwarding, and flipping it in

the vertical plane’. The distortions are comprehensible
enough that the visitors recognise their silhouettes but
are piqued in their curiosity as to just what the mirror
image is doing next.

3 Deimous

The Deimous installation (Fig. 1) was conceived to
induce fear and manage an interactive experience
through sound alone. It is about fighting creepy
creatures in a dark room. The creatures make noise as
they approach the player, and the player slashes them by
waving a plastic meat cleaver at their position in space.
Having only sound as a means to perceive the
environment around him, the player is made acutely
aware of this sense and transforms his or her reception
of the surroundings during and even after the experience.
A 5.1 surround sound system is used to play sounds
triggered by MaxMSP on different speakers/at different
locations around the player. Constant background
noises create an ambient sound environment ‘that
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stimulates emotional reactions of fear’. The enemies
have no definite entity, although the sounds draw on
conventions of horror movies. By not knowing what or
who exactly the enemy is, a sense of the unknown is
established — a key concept in creating fear. To make the
experience more challenging and interesting, the player
needs to learn to differentiate between bad and good
sounds. While the creatures sound “bad”, health packs
emit ‘good’ sounds, which the player needs to locate
and collect.

4 [sol]

The [sol] installation (Fig. 2) invites collaboration between
strangers who share a space. A stream of virtual particles
is to be directed from emitters around obstacles to
receivers. People attract particles and deflect their course
by their bodily presence and movement. This work is
intended as a large top-down projection.

It was inspired by the Beacon installation [7] and by
the AntiVJ installations [8] which both use technology
to build interactive live performances. Patterns of
struggle for leadership and collaborative teamwork are
erupting. [sol] focuses ‘less on the relationship between
the player and the game world, but more on the inter-
relationship between the players’. The interaction in
the virtual space is influenced by and influences the
real-world interaction of the actual people. To provide
for an easy entry and smooth immersion of the players,
the installation is not using any physical interaction
devices, ‘save for the bodily interaction of being in the
space’. A Microsoft Kinect is used to scan the space for
participants’ locations.

5 Box Me Dumb Human
In the Box Me Dumb Human installation (Fig. 2), a large
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leather bunny puppet with red glowing eyes (a boxing
bag for now) is boxed by the player, while insulting/
motivating him with arguments taken from the Al debate.
The player is in a way fighting for all that is good about
humanity, what distinguishes it from abstract mechanism,
and he is fighting against the machine or system.

The puppet announces to the player the next boxing
hit (i.e. jab, straight, hook) to be executed to a specific
position, and the player has to react as fast as possible.
The order is fixed and makes sense boxing-wise.

Each round is 60 seconds long. If the player stops hitting
the puppet or is too slow, it will start to insult him

(e.g. ‘Humans are slow’, ‘Humans are irrational’,

‘Fight like a man’, “The machines will win’). After each
hit the puppet reacts (e.g. ‘Uff’, ‘Ahh’, ‘That wouldn't
stop me from telling what | know’) and then announces
the next hit (e.g. ‘Right cross to face’). The computer
voice is recorded with the Amiga's standard speech
tool, which has the classic monotone pronunciation
that marked computer speech for a long time. After the
match is over, a photograph is taken for the high score
list. Instead of pushing an OK button the player hits (i.e.
boxes) the robot rabbit on the nose.

The installation is intended as a contribution to the
debate that is coming to the front every few years about
being able to construct intelligent machines. It draws
on Norman White’s Helpless Robot [9], being a playful
comment on the often uneasy relationships between
machines and people, taking the everyday struggles
with e.g. telephone answering systems, ticket machines,
network connections or computer applications to a
visible, tangible level. Paradoxically, the conflict unfolds
at the same time as the player/user/human is trying to
do exactly what the machine is telling him.

In playing the game, the player takes sides, and fights

Fig. 2. [sol] (left and
middle) and Box
Me Dumb Human

(right).
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against the machine. This action can spark participants'
reflection on what makes us human, and on the question
if we are losing out to the system. The installation
attempts to point out that living is not about abstract
existence, reasoning, problem solving and sensory
perception; but about bodily existence and lived
experience; activities which are always connected to
location and situation, and appropriating these (J. J.
Gibson, e.g. [10]). Living is neither pre-planned [1]

nor clear-cut, but creatively, associatively, initiatively
moving on and creating meaning along the way. Being,
experiencing, acting, reasoning, learning, understanding
and making belongs together, naturally — how could we
imagine otherwise? The dynamic process of having a
world is intimately connected to concrete, direct and
immediate practice. Acting in and experiencing the
world (Debray, e.g. [11]), changing it, change oneself,
being changed, experiencing time and space (Heidegger,
e.g. [12]), living and dying, is making us human. Our
bodies do not limit our being, but enable us to be.
They are not only our vehicle or tool in the world, but
we are our bodies (Merleau-Ponty, e.g. [13]), we are our
actions, we are what we do, we are our opinions and
emotions. Don’t we feel so alive when we do certain
things, or when we experience certain situations?
When we are fully in-tune with our surroundings,

with what is happening [14], with other people? Our
being is movement, rhythm, tone, tension, relaxation,
ambivalence, play, success, failure, trying, texture,
material, images, dreams, love, chaos and structure.
This is what we as humans are concerned with, what
we thoroughly enjoy (and despise), and it’s called life.

6 Conclusion

This article described installations that were produced
in a course on tangible interaction. The aim of the
course was to motivate students to connect pheno-
menological ideas with their own work. While
developing their practical projects, students were
invited to uncover the underlying theories, to explore
them on their own and to (re-) connect their findings
to their practice. We attempted to establish a feedback
loop of practical work and theoretical reasoning, in

a natural way, a holistic approach.

The approach led to some strong results, although

it appeared to be a common trend to avoid (artistic)
risks, conflicts and controversial topics, and to default
to quite conservative messages or meanings.

Little exploration into the unknown was conducted.

In this respect, many works were interesting, while

not being very provocative or experimental.

The course appears to have worked to get basic ideas
of phenomenology across to students and awaken their
interest. It identified the main protagonists, made them
and their theories accessible, and showed the relevance
of concepts of embodiment for students’ practice.

This led to a new perspective on the relationship of
reasoning and action with relevance and consequences
for interactive system design. Of course, the full
potential of the approach has not been realised yet,
but it was exciting to see the initial results in students’
creative work.
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Fluencl: The expression of expressing

Abstract

In this paper, we discuss the design process of a breast
pump which celebrates expressing as a natural, intimate
and emotional experience. Through interviews with
mothers and breastfeeding experts, the psychological
and physiological factors which may inhibit or stimulate
the milk let-down reflex were identified. Based on this
information, a concept called Fluenci was developed
which, in its interaction and behavior, mimics many

of the stimulating triggers provided by a baby. In an
evaluation of an experience prototype of this concept,
users preferred Fluenci over a conventional breast
pump both on a pragmatic and a hedonic level. We
discuss our design rationale in which the product's
functionality benefits from anthropomorphic interaction
and behavior yet does not result in a potentially
disturbing anthropomorphic product appearance. Lastly
we propose an additional form of anthropomorphism,
Embodied Anthropomorphic Form, which invites the
user to engage with a product as if it were human.
Keywords. Expressing, anthropomorphism, product

behavior, prototyping, interaction design, product design.

1 Introduction

Especially in Western culture, an increasing number

of mothers start to combine employment and
parenting within months after birth. The World Health
Organization promotes mother milk as having benefits
for both baby and mother [1]. However, breastfeeding
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during working hours is often not possible. Also, the
mother and baby might not be physically able to breast
feed. An alternative is expressing mother milk at work
using a breast pump and feeding the baby the expressed
milk. There is much room for improvement in the design
of breast pumps, especially regarding the unpleasant
experience mothers have while expressing. This paper
describes the design process for a breast pump, in
which we focused on the aesthetics of interaction and
took the intimate experiential dimensions of normal
breastfeeding as point of departure.

2 Inhibitors and Stimulants in Expressing
Seven mothers were interviewed on their experiences
with expressing. The interviewees were asked to

act out their expressing ritual and show the location
and breast pump used. In addition, two lactation
consultants provided expert knowledge on expressing.
The interviews showed that the let-down reflex, which
causes the ejection of milk, is influenced by a number of
interdependent physiological and psychological factors.

2.1 Inhibitors

Oxytocine, the hormone that triggers the let-down
reflex, and adrenaline, the hormone associated with fear
and pain, are antagonists [2]. Discomfort and anxiety
therefore inhibit lactation. Sources of discomfort can
include work-related stress and suboptimal expressing
tools. Most mothers indicated that they ‘feel like a



cow’ during expressing and described the experience
as a very ‘mechanical’, even degrading ritual (figure 1).
Sources of anxiety include a lack of privacy: many work
places lack a breastfeeding room and mothers fear
that colleagues will see them partially unclothed and
expressing. Secondly, fear of not being able to express
can lead to a vicious circle.

MY

Fig. 1. lllustration of mother using a breast pump

at work.

2.2 Stimulants

Whilst the primary stimulant for the let-down reflex is
the suckling on the nipple and areola, the mother seeing,
hearing and smelling the baby and feeling its warmth

and trampling also contribute to the reflex. To mimic
these stimuli during expressing, mothers use warm
compresses, massage their breasts and rely on simulated
‘triggers’ from their baby. For example, mothers

may look at photos or videos of their baby, listen to
recordings of its sounds or bring pieces of clothing that
carry its smell. These stimuli help to mentally visualize
the baby and provide a conditioned trigger for the let-
down reflex [3], [4].

3 Benchmarking Existing Expressing
Methods
There are several ways to express milk. The simplest
way is through massaging the breast with the hands.
This method requires quite some practice and can be
physically heavy. Therefore mechanical devices were
developed: manual breast pumps. Breast pumps are
designed to imitate the physical suckling of the baby
on the nipple. Such manual breast pumps (figure 2a) are
usually powered by squeezing a handle. Though manual
pumps are quiet and relatively cheap, their use can be

tiring. Electric breast pumps (figures 2b & 2c) provide
suction using a (separate) motor. The efficacy of electric
pumps is higher than that of the manually operated
ones, but the electric pumps are more expensive, larger,
noisier and require a connection to a power socket or
regular charging.

Current pumps address expressing on physical level but
do not provide additional emotional or physiological
triggers. On the contrary, the interviews revealed that
the users related both product appearance and sound
to cow milking equipment. The interaction is strongly
machine-like in feel, with controls that are difficult to
operate or even out of reach when holding the pump.

.
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Fig. 2a. Hand pump. Fig. 2b. Electric pump.

Fig. 2c. Double electric pump.

4 Concept Design

Based on interviews with mothers and experts, a breast
pump concept called Fluenci was developed and built
(figure 3). The interaction with Fluenci was designed to
be evocative of breastfeeding a baby and to avoid the
machine-like connotations of traditional breast pumps.
Fluenci features automated, baby-like behavior which
eliminates the need for physical controls, contributing
to a calm, object-like appearance.
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Fig. 3. The handheld part of the breast pump.
Note the thermofoil wires in the breastshield
and the circular tapping area.

4.1 Baby-like Interaction

The interaction with Fluenci mimics many of the
sensorial triggers provided by a baby. When the user
holds Fluenci’s soft, organic shape, her posture and
gesture resemble the cradling of the back of a baby’s
head. The product’s form contributes to reducing
anxiety by hiding the nipple and most of the breast from
view, thus providing privacy from incidental glances.
Through electric thermofoils, the breast-shield is heated
to body temperature, which widens the mammary ducts
— thus stimulating the let-down reflex [5]. Similarly the
back of the unit is heated to simulate the warmth of a
baby’s head. A digital sound recorder allows mothers
to record and playback their baby’s sounds or listen to
music that they also listened to during breastfeeding,
thus triggering conditioned reflexes. The baby’s sounds
are played back from the handheld pump, nearby and
directed solely to the mother. Since the music supports
creating a more ambient atmosphere, it is played from
the base unit which houses the pump motor, which is
more distant, both physically as well as psychologically.

Fig. 4. System overview: recorder, pump motor and

breast pump.
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4.2 Baby-Like Behavior

Fluenci starts pumping when the breast shield is

placed correctly on the breast and stops when it is
moved away. This behavior resembles that of the baby
(figure 5). Fluenci’s milk flow sensor allows it to mimic
a baby’s changes in suckling frequency. A baby starts
with suckling quickly and superficially to stimulate

the let-down reflex. Once the milk starts flowing,

the baby’s suckling slows down as it drinks the milk.
Similarly, Fluenci starts pumping stronger and at a lower
frequency once it detects the flow of milk (figure 6).
This optimizes the milk production and minimizes the
chance of sore nipples. In case the mother wishes to
override this automated process, a touch sensor on the
product allows the mother to determine the pumping
speed through three taps in the desired frequency,
without having to reach over to the pump unit.

Fig. 5a. Pump switches on when placed on breast.
Fig. 5b. Pump switches off when removed from breast.

bbb s e i
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Fig. 6. The frequency and amplitude of the pump
automatically change after the let down reflex has
been detected.



5 Experience Prototyping 6 Concept Evaluation

Experience prototyping was an essential element during  Six mothers were asked to compare the final Fluenci
the iterative design process. Initially, low-fi wooden experience prototype against a traditional, high-end
prototypes with an integrated speaker were made, which electric breast pump (figure 10). Both pumps were
could play sounds from an mp3 player. These were used  preassembled and accompanied by custom-made quick-
to get feedback from the users in the first concepts. starting guides. The participants were asked to

Fig. 9. Part of the final prototype.

act out the expressing ritual — evoking a ‘let-down
reflex’, adjusting the pump frequency, and so on, after
which they ranked the pumps using AttrakDiff semantic

Fig. 7. User with one of the low-fi prototypes differential scales [6]. The results (figure 11) indicate
combining basic electronics and Phidgets within that Fluenci is rated higher than a traditional electric
a housing of laser cut MDF. pump, both in terms of pragmatic and hedonic quality.

On a side note, the Fluenci concept is rated as more
The final prototype was fully functional, including isolating (as opposed to connected), which influences
an Arduino prototyping board, speakers, sensors, the hedonic identity dimension negatively, though
heating elements and a ‘hacked’ Avent breast pump, actually ‘isolation’ can be a positive attribute since it
all programmed in Cycling74's MaxMSP software. might indicate that Fluenci provides privacy.

The final model was 3D printed. For hygiene reasons,
the prototype could not be used to express milk.
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Fig. 8. Making the final prototype, using McNeel’s 2
Rhino 3D modelling software, 3D printing, an Arduino e e [ et A
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microcontroller board and Cycling74’s MaxMSP : - pe——
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programming environment.
Fig. 11. AttrakDiff results, A is the Avent
pump, B is the Fluenci pump.
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Fig. 10. Concept evaluation with end users and prototype.

Semi-structured interviews confirmed the positive
outcome of the AttrakDiff test. The way of holding
Fluenci, the warmth and the optional playback of
sounds were much appreciated. Aspects which received
criticism were the dimensions of the milk bottle which
should be increased to allow capturing more milk and
the control of the pump frequency which should be
more precise and direct.

7 Discussion of Semantic Considerations
A breast pump is an intimate product of which the
functionality is strongly influenced by its look and feel.
How the user feels she is perceived by the outside
world and the feel of the product’s interaction and
behavior have a direct psychological and physiological
influence on its core functionality: the stimulation of the
let-down reflex. Here semantics are not limited to the
product’s appearance in isolation but include the user-
product interaction.
The central semantic question in the design of
Fluenci was to which extent the product should be
anthropomorphic. Anthropomorphism is defined as
the attribution of human-like qualities to inanimate
objects or animals [7]. They focus on a part of
anthropomorphism, which they call ‘Anthropomorphic
Form’: the imitation of human form by designers
as manifested in the objects they create - be it
static or dynamic. DiSalvo et al. define four kinds of
anthropomorphic forms:
1. Structural (imitating the appearance or functioning
of the human body with a focus on its materiality)
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2. Gestural (imitating the ways people communicate
with and through the human body with a focus on
human behavior)

3. Aware (imitating the traits, roles or functions of
people as a social role)

4. Anthropomorphic Form of Character (imitating the
common human capacity for thought, intentionality,
or inquiry).

Due to Fluenci’s multi-sensorial nature, it is interesting
to see how it can be positioned in their framework.

In general, Fluenci can be seen as an Anthropomorphic
Form of Character. The playback of baby sounds, the
suckling behavior and responsiveness to the user are
expressive of a ‘needing-role’. Fluenci’s size, human-like
warmth and organic ‘neck-like’ curvature invite it to

be cradled. The pump hereby not only defines its own
role, but potentially also changes the (self) image of the
mother in her social context.

The suckling of Fluenci would be Gestural Anthropo-
morphic Form — the suckling can be seen as motions
that suggest human action. The suckling behavior
contains elements of Aware Anthropomorphic Forms
as well — Fluenci seems to be aware of being held to the
breast and attentively adapts the suckling rhythm to the
milk supply from the mother, memorizing the favorite
settings. This behaviour suggests intelligence and
thereby minimizes the feeling of operating a machine.
The warmth Fluenci gives can be seen as an example

of Structural Anthropomorphic Form; it imitates the
warmth of a human body, resulting from its ‘operation’.
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The warmth relaxes the milk ducts and provides
comfort when holding it against unclothed skin, hereby
stimulating the let-down reflex.

It is difficult to position Fluenci in DiSalvo’s framework
when focusing on its form. Fluenci’s form is not Aware
Anthropomorphic, since it does not express
consciousness or awareness. It is not an Anthropo-
morphic Form of Character, because it does not

per se display qualities or habits that define a role

like a baby. Fluenci’s form is not recognizable as an
imitation of the appearance of a baby’s head (structural
anthropomorphism). A breast pump with the looks

of a real baby would project a bizarre, possibly even
disturbing image, the so-called uncanny valley effect [8].
Similarly, a breast pump with a video screen showing the
baby’s face would turn the product into a robotic piece
of machinery. Gestural Anthropomorphic Form is using
motions or poses that suggest human action to express
meaning, but the emphasis is on actions performed by
the anthropomorphic object — not on the actions from
the user of the object.

Therefore we suggest a fifth kind: Embodied Anthropo-
morphic Form. Though the product itself does not
visually resemble (parts of) a human body, its design
invites the user to interact with it as if it were human.
Hereby the meaning arises from the (inter)action with
the product, both in physical and in social terms.

In the case of Fluenci, its shape affords to be held

by the mother in a particular, cradling manner. Once
the mother holds Fluenci in this way, the similarity to
feeding a baby can be experienced.

8 Conclusion

We set out to design a breast pump that would make
expressing a more enjoyable experience for the mother,
by restoring the mother’s intimate multi-sensorial
engagement during expressing and triggering her
instinctive milk reflex. Our evaluation of Fluenci shows
that we made considerable improvements compared

to existing breast pumps. Instrumental for the final
result was the iterative, hands-on design process and
focus on the interaction experience, making use of
anthropomorphic form that goes beyond simple product
appearance, entering the realm of embodied interaction.
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Abstract

The aim of this paper is to address imaginative
experiences of emotions by drawing Kendall Walton’s
theory of make-believe. Moreover, we use a design case
as means for investigating how a child’s felt emotions
towards a hospital situation relates to his or her
imaginative experiences of emotions towards a fictive
character in a computer game simulating the real-world
situation. In so doing, we contribute with new insights
to existing theories of emotions in design, which tend
to focus narrowly on felt and measurable emotions.

Keywords
Fictional Emotion, Emotion Driven Design, Interaction
design

1 Introduction

Theories of emotion’s role in design have been
successful in explaining many new levels of product
meaning and product experience that until a few years
ago were hardly understood [1], [2], [3]. However, a
number of knowledge gaps inherent in these theories
become evident when working with new modes of
interaction and time-based experiences in game design.
While theories of emotions offer exhaustive
frameworks for describing how emotion driven design
is able to elicit emotions, the questions as to how such
emotions may change and evolve over time has only
received little attention.
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Secondly, theories of emotions in design have a
tendency to focus too narrowly on the user’s felt and
sensed emotions, while the question of how imaginative
experiences of emotion relates to an emotional state is
left largely unaddressed.

The aim of this paper is to address imaginative
experiences of emotions by drawing upon Kendall
Walton's theory of make-believe [4]. More specifically,
we will use a design case to investigate how a child's
felt emotion (towards a hospital situation) relates to

a child's imaginative experiences of emotion towards

a fictive character in a computer game.

In this paper we will first introduce the notion of
‘fictional emotions’ as a new key concept in design
research that accounts for how a persons felt emotions
relate to a persons response to a fictional world.
Secondly we will introduce our design case, which is
using the design of an experimental computer game
(called the Child Patient Game) designed especially for
hospitalized children as research artefact. The purpose
of the Child Patient game is to design a computer game
environment that can map the subjective feelings felt by
children being in hospital. Here we will look especially
into the relation between Character Experience (that of
the fictive character in the game) and Player experience
(that of a Patient).

Thirdly we will explain the method of inquiry; the
overall method of this project, which is built up from

a research through design method [5], [6] as well as



the specific method of testing the Child Patient Game

in a hospital environment. A part of this method has
been to organize the data by using "visual mapping".
Visual mapping is a way of structuring and organizing
information to see patterns and relationships.

Fourthly, we will take a deep look into the data that this
inquiry has produced; how does a child's felt emotion
(towards a real hospital situation) relate to persons
imaginary experiences with a fictive character? How

are these make-believe states of mind charged with
emotions? Which ones are not charged with emotions?
Can we get a more fine-grained understanding of

how mental states of fictional emotions, imaginary
experiences and make-believe states are expressed?
Kendall Walton's make-believe theory will be used as a
framework for analyzing the relation between an actual,
felt emotion (referred to as "Real Emotion™) and the
emotions we have towards fictional characters (referred
to as "Fictional Emotion").

Finally we will discuss the outcome of our findings and
where this outcome will lead us. Here a position will be
taken in the favour of narratives and gaming to be used
as a communicative practice that might give us valuable
knowledge and new insight about the emotional lives of
paediatric patients. In doing so we will widen the pers-
pective on emotion elicitation by adding fictional emotions
to the prevailing emotion measurement paradigm.

2 Key Concept: Fictional Emotion

Within emotion research (theories on emotion) there
is general agreement on that emotion implicates
Feelings, Actions and Thought [7]. This means that
emotions are body related (somatic) as well as rational,
meaningful and logic (involves cognition).

Fictional emotion also implicates Feelings, Actions and
Thought - but the stimuli is to be found within the
fictional world: we can cry when we experience a sad
movie wherein the character we sympathize with will
die. Such an experiences belong to the game of make-
believe according to Kendall Walton [4] and must be
distinguished from emotions exposed during a real
situation that we actually cannot escape, for instance
a situation that involves the death of a real friend.
Walton’s make-believe theory is interesting because

it deals with the question how "remote" are fictional
worlds are from the real world? What is the role of
imagination?

Kendall Walton presents the following well-known
experiment in his article Fearing Fictions from 1978 [8, p.1]:
Charles is watching a horror movie about a terrible
green slime. He cringes in his seat as the slime oozes
slowly but relentlessly over the earth destroying
everything in its path.

Soon a greasy head emerges from the undulating mass,
and two beady eyes roll around, finally fixing on the
camera. The slime, picking up speed, oozes on a new
course straight toward the viewers. Charles emits a
shriek and clutches desperately at his chair. Afterwards,
still shaken, Charles confesses that he was "terrified"

of the slime. Was he?

According to Walton the answer is "No". To Walton,

it is only “make-believe-kind-of" true - that we have
feelings for certain characters in films, books or games.
He agrees on that these characters can have a great
affect upon us - and that fictional worlds and fictional
characters move us both physically and psychologically
and that the similarities to real fear, real sadness or real
happiness are close — but regardless of what our body
responses are or what we might say, think, or believe we
are feeling towards a fictional character it is not a real
emotion. It is a fictional emotion we are experiencing -
also referred to as “quasi-emotions” [9].
Quasi-emotions are very similar to real emotions but
still different because they are generated by "second-
order" believes about what is fictionally true. Walton
explains: “Charles believes (he knows) that make-
believably the green slime is bearing down on him and
he is in danger of being destroyed by it. His quasi-fear
results from this belief” [8, p.14].

Proponents of the Theory of Make-believe suggest that
our (quasi) emotional attitude towards the fictional are
strong related to our real (genuine) emotional states,
except that the make-belief overrides the role that
would otherwise be occupied by belief. So Charles
doesn't believe that the green slime is dangerous:

He imagines or makes-believe that it is.

It is not our aim establish weather fictional emotions
(and imaginary experiences) are equal to real emotions
(and real experiences) since this depends on how

we understand emotions. The aim of this paper is to
investigate - through game design - how persons felt
emotion (towards a specific situation) relates to the
persons imaginary experiences with a fictive character
(going through a similar situation).
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2.1 Player Experience and Character Experience
When Children involve them selves in a game like for
instance playing "mum and dad" they involve them selves
in a game of make-believe (using Waltons expression).
They decide the rules for their game; who is playing
who, what kind of "mum" is in their game and what
objects must act as props. They are pretending that

a cartoon-box is their "house", that stones are "food
"and they acts as players in a fictional world, playing
out "mum" and "dad" in various imaginary scenarios -
imitating the real world, seen from their perspective.
It’s "just” a game. We think.

In the design case presented in this paper, we also

deal with children’s responses to fiction and how they
interact with that. It’s both similar and very different
from the example presented above. It’s similar because
we are inviting children to take part (as players) in a
game of make-believe. And it’s similar because it’s a
game that includes a fictional world and has certain
rules. Its different because in our case they cannot
make their own rules, the story is narrated in a way
that the main character (an animated character) must
undergo a fixed number of experiences. Its different
because the children must play the game under certain
circumstances, when they are not well at all; when
they have just been undergoing and uncomfortable
(emotional) medical examination. So we are asking them
to take part in a game of make believe that involves a
situation that they have just experienced them selves.
That’s why it makes sense to talk about what the
character (a fictive child patient) is experiencing in the
fictive world - and what the player (who'’s a patient in
the real world) is experiencing while playing the game.

3 Design Case: The Child Patient Game
(CPgame)
The Child Patient Game (CPgame) is an experimental
computer game for hospitalized children (age 4 to 6).
The purpose of the game is to design a computer game
environment for young patients that can map emotional
experiences - and hereby allow hospitalized children to
inform staff and researchers about their emotional lives.
The concept of the game is developed by designer /
researcher Eva Knutz in cooperation with the children
ward and research unit at Kolding Hospital. The design
of the CPgame is strongly shaped by emotion theory,
as described in an earlier paper [10].
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3.1 The Design of the CPgame

The CPgame is about a young child's journey through

a healthcare system. This child figure is the main
character that the player (the patient) will follow and
must control in the game. The player can attach certain
Emotions to the child figure (fig.1) or give the child
figure certain Secret Powers (fig.2) that can help him
through unpleasant things, such as the blood test.

L 2ps
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Fig. 1. Screenshot from the CPgame: the player is
applying the emotion "afraid" to the main figure.
© Knutz 2010.

The player must attach one out of five emotions: three
negative, one positive and one less articulated (Angry,
Afraid, Happy, Sad or Uncertain) that the player thinks
fits to the child figure in the game. The emotions are
visualized as five animated characters, with five different
colours (fig. 1). This action of game play results in the
continuation of the story. For instance, if the player
attaches the emotion "anger" to the child figure in a
particular situation, the child figure will act angry. If the
player thinks that "sadness" is more appropriate, the
player can change emotion. When the player has arrived
at the "right" emotion, the game can continue.
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Fig. 2. Screenshot from the CPgame: Catching
a "Secret Power"” © Knutz 2010.



The "Secret Powers" consist of five different objects
that the player can catch (fig.2) before going into the
fictitious blood test. If an object is caught, the "Power"
becomes visible: A teddy bear that the child figure can
hug; an iron armour that the child figure can wear; a
magic cape that makes the child figure invisible; a bottle
of light liquid that makes the child figure shrink when he
drinks it; and a bottle of dark liquid that makes the child
figure grow up when he drinks it.

When the player has caught the Secret Power, that he
or she think will help the child figure the best, the game
can continue with that particular power attached to the
game story. So the child figure keeps the secret power
in the narrative sequence that follows. All choices of
the player are stored in a database, fixing the players
pattern of choices (of emotions and secret powers)
throughout the game.

3.2 Game World, Game Story, Rules and Players
Fictional Worlds (in books, films or games) are by
definition incomplete because it is not possible to
specify all the details about any world [11]. This is where
the player comes in; the player transmits his or her
intentions into the game world. The sequence of action
that unfolds in a game occurs as a result of the player’s
interaction with the game. Since it is a game - and not
just a story - the fictional world represented in a game
cannot function without the rules [11].
The way the player transmits her intentions into the
game world is through gameplay. The gameplay lays
down the rules for the player’s interaction with the
game world and the game story. Understanding the
gameplay, is understanding the pattern you need to
play with in order to perceive the fictional world of the
game as a whole. A fictional world that can be described
through the concepts of:
» Game World: An imagined world, inhabited with fictive
characters (objects, sound);
+ Game Story: A sequence of events within the game
world containing beginning, middle, end;
* Rules: What the player "must do" in the Game world,
constituted through gameplay;
* Players: Who are imagining the fictional world,
interacts with game, make choices.

If we drop these concepts upon our case - the CPgame
- we have a fictional world that (schematic) can been
described as:

» Game World: The universe of a hospital, experienced
by the main character: a child patient;

» Game Story: The journey of a child patient (a fictive
costumer) going through a fictive healthcare system,
with several events taking place over time: the child

is sick (begin of game)
treatment (middle)
of game);

the child (now a patient) gets
the child becomes well again (end

* Rules: The player must control the child character, lead
him through the hospital and must attach "emotions"
and "secret powers" to the child patient (during his
journey) that the player feels must be the right ones;

* Players: Hospitalized children who are in the middle of

a similar "journey".

3.3 Player Experience and Character Experience

in relation to CPgame

The game is build up that way that the main character
(the child figure) must go through certain experiences;
he will become sick, he must overnight at the hospital,
he will be treated and he will become well again
(Character Experience). But it is also a game that allows
the player to interact with the game world, through
gameplay (Player Experience). Table 3 explains the
Character Experience and the Player Experience in

relation to the CPgame.

Character Experience

Player Experience

The main character (a

child figure) is at home; he
becomes ill and is brought to
the hospital by his parents.
Here different things are
happening to him; he is

being treated (examined,
measured, having a blood
test) and he has to spend the
night in the hospital (where
he falls into a strange dream).
When he wakes up, he feels
well again and can be brought
back home. It's like a 24-hour
circle story, where the end is
connected to the beginning.

During this journey (the stay
at the hospital) the player
must attach "emotions" and
"secret powers" to the child
figure, that the player feels
must be the right ones (the
emotions) or the ones that
can help the child figure the
best way (the secret powers).
The game is build up so that
that it increasingly becomes
more difficult and challenging
and that the player slowly
gets more control over the
main character. What the
player does in the game and
the way he interacts with the
game (the choices he makes
in the game, the movement
of his play pattern) will form
his Player Experience.

Table 1. Character Experience and Player Experience

in relation to the CPgame.
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In the next section of this paper, we will take a closer
look at how the players (children patients) interact
with the Child Patient game. We are investigating

how persons felt emotion (towards a real hospital
situation) relates to the persons imaginary experiences
with a fictive character (experiencing a fictive hospital
situation). For the sake of clarity, let us define all
experiences, before we move on:

- Character Experience: What the character (a fictive
child patient) is experiencing in the fictional world
(of the CPgame)

- Player Experience: What the player (a child patient)
is experiencing while playing (the CPgame)

- Real Emotion: Emotional Experience towards a real
situation.

- Fictional Emotion: Emotional Experience towards
a fictional situation.

4 The Method: Using Game Design as
a Method for Exploring the Relation
between Real Emotion and Fictional
Emotion

In this section we will explain the method of inquiry;
how the CPgame has been tested and how real emotion
and fictional emotions are mapped into so-called
"CPcards". But since the argument of the paper is built
up from a research through design method [5], [6], [12]
this need to be explained briefly.

4.1 Overall method: Research Through Design
This research project has been undergoing two
Experiments: First of all a computer game has been
designed that allow hospitalized children to inform
staff and researchers about their emotional experience
(Experiment 1) as explained in the previous chapter.
Secondly, the computer game has been tested upon a
group of patients and non-patients, using the game as

the child during hospitalization) and Fictional Emotion
(expressed by the child during gaming). This is done by
letting a group of 12 patients (aged four to six) play the
CPgame, right after having had a blood test. During the
blood test, the emotional states of the patients were
observed by staff, parents and researcher. The staff
were asked to observe the bodily states of the patients,
the parents were asked to judge the emotional state (of
their own children) and the researcher observed more
general issues, such as moods and attitudes.
Immediately after the blood test the game session

took place. During the game session the patients had

a "game-dialog" with the researcher while playing the
CPgame. In these dialogs the researcher would ask
about the choices that the patients made in the game.
For instance if a child attached "sadness" to the child-
figure in the game, the researcher would ask "Why

is the child figure sad?". In the game dialogs, child and
researcher stayed within imaginary world of the game and
the researcher was observing as well as asking questions.
During the game session, the play pattern of the players
were obtained within the database of the CPgame. The
table below shows how the different sources of data,
collected during the experiment, addresses particular
aspects of emotion - or aspects of the imaginative
experiences of emotions.

Observations Emotional state / body evoked

Real Emotions

forms, filled in  feelings. The staff’s observation of
by staff body states and behaviour during
blood test. How do the children feel
during blood test? Which emotions
are involved?
Ratings Emotional state / appraisals. Real Emotions

systems, filled
in by parents

The parent’s judgement of their
children’s emotional state during
blood test. How do the children feel
during blood test? Which emotions
are involved?

Database of Play pattern. Which secret powers

Fictional emotion or

| . hod of inauiry (€ . 2. In th CPgame do they choose in the CPgame? Imaginative Experiences

an alternative method of inquiry (Experiment 2). In the Do they choose emotions and secret  expressed through play
next section we will focus on the second experiment. powers directly or play around for

long?
4.2 Specific method: Using the CPgame as an Game-Dialogs,  Motivation and play behaviour Fictional emotion or
alternative method of inquiry between How do the children play? Imaginative Experiences
. , researcher and  What do they say about their choices expressed through verbal or

The CPgame was tested at the children’s ward of child in the CPgame. non-verbal aGCOUNS.

Kolding Hospital from February 2011 until October
2011. The overall scope of Experiment 2 was to account
for relation between Real Emotions (expressed by

Table 2. Shows how different sources of data address

particular aspects of emotion.
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4.3 Control Group of Non-patients

The experiment involved a control group of non-
patients. Here a group of children (aged four to six)
were chosen from a kindergarten, matching age and
gender. These children all played the CPgame in a
separate office of a kindergarten. Obviously, the control
group did not undergo any medical procedures they
simply just played the CPgame and were involved in a
game-dialog under same conditions as the patients.

4.4 Discussion of Inquiry (Experiment 2)
Experiment 2 was aiming at collecting knowledge

from different sources at the same time; sources that
supported the emotional aspects as well as the narrative
and imaginary aspects of a hospital experience. This is
not an easy task. An hospital experience involves many
sorts of experiences; the children must be away from
home, they must sleep in strange place, eat at certain
hours, they are being examined and tested and must
undergo treatment in various forms (medicine, scanning,
operations etc.). In consultation with the research group
at Kolding Hospital, we chose from the beginning to deal
with a specific experience that all children patients must
go through; the blood test. So we chose to put emphasis
on the blood test in the CPgame - and let the blood test
play a particular role in the testing of the CPgame.

Fig. 5. The Child Patient during testing © Knutz 2011.

4.5 Organizing the Data through Visual Mapping
After the testing of the CPgame all information, from
rating system (made by parents), from observation
(made by staff), from game dialogs (between researcher
and children), and from the database (of CPgame) - were
organized into a large visual map. Visual mapping is a
way of structuring, organizing, arranging information.

It is a non-linear method that makes it easier to see
patterns, relationships, hierarchies and dependencies
that might otherwise remain hidden.

The data was filtered before it was mapped: the ratings
from the parents and the observations from the staff
was colour-coded to show if there was a relation
between the real (actual, felt) emotion and play-pattern
(the children’s choices of emotion obtained in the game
database). Furthermore the recordings and notations
from the game-dialogs were transcribed to include only
verbal expressions and catch words, representing each
respondent’s imaginative experiences or play behaviour.
After organizing all data from both groups the data was
mapped into so called CPcards, representing each player
of the CPgame.

Figure 9 represents the visual mapping of information
of a patient into a CPcard:

The cards are divided into a left side, representing

the real emotions - and a right side representing the
fictional emotions. In the middle of the card we have
the player of the CPgame. The colour indicates if there
is a link between the emotions observed and rated by
staff/parents (left side) and the emotions chosen by the
player in the game (right side).

v ]
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Fig. 9. Visual mapping of information into CP card.
© Knutz 2011.

The CPcard above gives us information about the
patient "Gustav". The card tells us that Gustav's
emotional state during the blood test (left side of card)
evolved in sequence that can be described as Passive
(just before blood test) to Nervous (during blood test)
and to Sad (right after blood test). The right side of the
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card tells us that Gustav first gave the child figure the
emotion "Sad" when the child figure (in the game) was
hospitalized. Later in the game (when the child figure,
had to have a blood test) Gustav attached the emotion
"Afraid". In order to give the child figure a "secret
power" before the blood test, Gustav gave the figure
a "grow-drink" and Gustav explained that the reason
for giving the figure such a power was: "because if he
becomes an adult he wont be afraid" (quote Gustav,
CPcard right side, fig. 9).

Gustav also verbally expressed the reason for choosing
"afraid" as fitting for the child figure in the CPgame:

"I don't think he is happy" (quote Gustav, CPcard right
corner below, fig.9).

For every player a CPcard has been made. This gives
us a visual framework of how persons felt emotion
(towards a real hospital situation) relates to the
persons imaginary experiences with a fictive character
(experiencing a fictive hospital situation). The CPcards
also gives us information about how emotions may
change and evolve over time.

5 Outcome and Discussion: Exploring the
Relation between Real Emotion and
Fictional Emotion

Figures 10 and 11 gives us a picture of how patients and

non-patients (the control group) chose emotions and

secret powers within the CPgame.

5.1 Explaining Player Choices

Figure 10 tells us that not a single non-patient chose a
positive emotion, where as the positive emotions were
chosen several times by the patients.

Figure 11 tells us that eight out of the twelve non-
patients chose the teddy bear, where as only four of
the patients chose the bear. This is interesting since

it is only the (teddy) bear that actually belongs to the
real world (some of the patients do actually bring their
teddies) whereas the other powers (becoming invisible,
wearing an amour or growing big or small) truly belong
to the world of fiction. We will speculate on that in
the discussion section. For now we can just conclude
that the 12 patients played the CPgame rather
differently than the 12 non-patients, who functioned

as a control group.

Figure 12 gives an overview of all the CPcards drawn
from each patient playing the CPgame during the
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Fig. 10. Relation between choice of “Emotion” (Angry,
Afraid, Sad, Uncertain and Happy) chosen by Patients
and Non-Patients in the CPgame. © Knutz 2011.
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Fig. 11. Relation between choice of “Secret Power”
(Cape, Bear, Shrink-Drink, Grow-Drink, and Armour)
chosen by Patients and Non-Patients in the CPgame.
© Knutz 2011.

experimental game test. The 12 cards are organized

in such way that the children who felt most anxious,
insecure or uncomfortable during the blood test are
placed at first (number 1) and the patients feeling at
least anxious are placed at last (humber 12).

The CPcards (Fig. 12) reveals several insights in relation
to the "the real" and "the fictional" world making.

First of all, if we look at the second emotion (below,

at the right side if the card) which is the emotion that
the player attach to the fictitious child patient during
the fictitious blood test - we can see that 7 of the 12
players (player no. 2, 3, 7 8, 9, 11, 12) chose an emotion
very similar to the real emotion (left side of the card).
That will say, in most cases the children's own (real)
emotion is close to the emotion the children think the
fictional child patient "must feel". This is particularly the
case when we look at the two (only) players, Player 11
and 12, who exposed a mainly positive sequence of real
emotions during the blood test session; they expressed
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Fig. 12. CPcards
of all patients
(seven girls, five
boys) playing the
CPgame. © Knutz
2011.

both positive emotions within the real world and
choose only positive emotions as fitting to the fictional
character in the game world.

What is significant, is that 6 of these 7 players (player:
2,7,8,9 11 and 12) were able to verbalize and motivate
their imaginative experiences of why the child figure in
the game needed a specific Secret Power; Like player 8
and 9 (who both seemed very self assured about there
choices) - both chose the bear "because then he has
someone to hug". Player 2 (who choose Invisible Cape)
motivates her choice with saying; "because then they
can't see him, then they can't find him, then he doesn’t
get scared". Player 7 chose Grow-Drink "because if

he becomes an adult he wont be afraid". Player 11

also chose the Grow-Drink, but here the imaginative
experience is different. Player 11 chose the Grow-drink
because "then you don't get sick so much” (if you are an
adult). These experiences says clearly something about
the children’s emotions on a narrative and imaginative
level; thinking that in the future, when you grow up, you
won't be afraid anymore, or get sick.

If we look at the remaining five players that chose
fictional emotions, a bit more remote to their real

emotions (player: 1, 4, 5, 6, and 10) then it is as if we
have a different set of players: These Players have in
general very little to say. They were very willing to

play the game, but were difficult to get in contact with
during the game dialogs. Player 4, 5 and 6 had a similar
pattern - both in having the same narrative sequence

of real emotions (Passive-Afraid-Sad), and they all
choose the positive emotion as the first emotion: so
they believed that fictional child patient felt happy in the
beginning of the game (arriving at the hospital and being
hospitalized)

When it comes to the second emotion (the emotion
related to the fictional blood test), this group of
children all chose an emotion in the game, close to
their real emotion: Player 5 choose (in a self assured
manner) the emotion "afraid"; an emotion identical to
the real emotion he felt during the blood test. Player 4
and 6 chose "uncertain"; an emotion a bit remote from
their real emotion during the blood test but similar to
their play behaviour (being uncertain and insecure about
playing the game).

Player 1 and 10 both chose fictional emotions, very
remote to their real emotions. Player 1 expressed a
high degree of anger and fear during the real blood

test, but still chose "happy" as the emotion fitting best
to the character in the game, when he had to go the
through the fictitious blood test. When | asked him
why, he said, "Because he thinks its funny". Player 1
played the CPgame for the longest time of all. He tried
all emotions and secret powers out many times - and
kept on choosing the positive emotion in relation to the
fictional blood test. Did he want the animation figure to
be happy? We will discuss that in the next section.
Player 10 seemed calm about the blood test and had

no objection towards medical procedures. Player 10's
narrative sequence of real emotions is described as:
Passive in the beginning then surprised during the

blood test, and hereafter passive again. But the play-
pattern at the left side of the card reveals some quite
different emotions towards the fictional situation of the
hospitalization and the blood test: Sadness, Anger and a
Secret Power in the form of a teddy bear. Also this we
will discuss in the next section

We can - on the basis of the CPcards - sketch out a
more detailed picture of how a young person’s felt
emotion (towards a real hospital situation) relates

to the persons imaginary experiences with a fictive
character (experiencing a fictive hospital situation).
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Player type A:

Fictional emotion relates to Real emotion

(player no. 2, 3,7, 8,9, 11 and 12)

Characteristics: Fictional emotion relates strongly
to Real emotion. The players can express their
imaginative experiences verbally.

Player type B:

Fictional emotion partly relates to Real emotion
(player no. 4, 5 and 6)

Characteristics: Fictional emotions are different
from their real emotions, but not entirely remote.
The players can't (or won't) express their imaginative
experiences verbally. Only through gaming.

Player type C:

Fictional emotion is very remote to Real emotion
(player no. 1 and 10).

Characteristics: Fictional emotions are completely
different from their real emotions. The players can't
(or won't) express their imaginative experiences
verbally. Only through gaming.

5.2 Discussions of Findings

Why does only the patients (and not the control group)
choose positive emotions in the game world? Why
does some patients, who are clearly very distressed
about the blood test insist on giving the animation figure
a positive emotion? Why do the CPcards sometimes
reveals two different emotional worlds, as was the case
with Player type C?

To understand this we have to return to the central idea
of seeing "emotions" and "secret powers" in the game
world, as a set of reactions that the player can apply to
the animation figure "as if they where him". This might
explain, why its only the patients who wants the little
figure in the game "to be happy" - and not the children
who are not hospitalized; the CPgame may offer the
patient opportunities for communicating and modulating
its emotions by playing with fictional characters, finding
themselves in a "as-if scenario” similar to that of the
patients own situation.

So even though a child, who feels insecure about the
hospital treatment, chooses positive emotions in the
CPgame, they are just as important because it indicates
that the Player Experience may act as a (positive)
modulation process to the actual (negative) situation.
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This is where the CPgame distinguish itself from
other products or tools that seeks to measure or
communicate emotion, such as the Product Emotion
Measurement Instrument "PrEmo"” [1], the hospital
game "SiSom" [13] or the Self-Assessment Manikin
"SAM" [14]. This, because the CPgame contextualizes
the emotional experience it is meant to measure and
brings in the notion of Fictional Emotion.

Temporality and modulation play an important role

at both sides of the CPcard; on the left side ("Real
Emotion") integrated in the narrative sequence of
emotion - and on the right side of the card ("Fictional
Emotion") as an emotion-modulation process, taking
place during the interaction with the fictional characters
in the game ("'in making the animation figures feel
certain ways"). This narrative and visual form of sense-
making is our main argument for developing a narrative
framework for emotion driven design that is actually
capable of providing us with valuable knowledge

and new insights about the emotional lives of
paediatric patients.

6 Conclusion

In this paper we have demonstrated that by drawing
upon Walton’s theories of make-believe it is possible
to address two unexplored areas within emotion
driven design; a possible framework for describing how
emotions may change and evolve over time, as well as
addressing imaginative experiences of emotion. In doing
so we seek to merge existing emotion theories with a
narrative approach that accepts imaginary experiences
and fictional emotions, as meaningful activities (or
perceptions) that contributes to our emotional
experience of the real world.

Furthermore this paper will contribute to the field

of interaction design and emotion driven design with

a visual and playful method for communicating with
paediatric patients that can increase the understanding
of children's unique emotional experiences during
hospitalization.



Eva Knutz
Kolding School
of Design,
Department of
Communication
Design, Denmark

References

[1] Desmet, P.M.A. (2002). Designing emotion, Delft University
of Technology.

[2] McDonagh, D. et al. (2004). Design and Emotion:

The experience of everyday things, CRC.

[3] Norman, D.A. (2004). Emotional Design: Why We Love

(or Hate) Everyday Things, Basic Civitas Books.

[4] Walton, K. (1990). Mimesis as Make-Believe: On the
Foundations of the Representational Arts (pp. 209-289).
Cambridge, Mass.: Harvard University Press.

[5] Brandt, E. & Binder, T. (2007). Experimental design research:
Genealogy intervention-argument. In the Proceedings of the Inter-
national Association of Societies of Design Research, Hong Kong.
[6] Redstrom, J. (2011). Some notes on program/experiment
dialectics. The Nordic Design Research Conference, 2011.

[7] Prinz, J. (2004). Gut reactions: A perceptual theory of
emotion, Oxford University Press, USA.

[8] Walton, K. (1978). Fearing Fictions, The Journal of Philosophy, 75(2).
[9] Walton, K. (1990). Mimesis as Make-Believe: On the
Foundations of the Representational Arts (pp. 195). Cambridge,
Mass.. Harvard University Press.

[10] Knutz, E. & Markussen, T. (2010). Measuring and
Communicating Emotions through Game Design. In proceedings
of the 7th International Conference on Design & Emotion, lllinois
Institute of Technology, Chicago.

[11] Juul, J. (2005). Half-Real. Video Games between Real Rules
and Fictional Worlds, London: The MIT Press.

[12] Markussen, T., Knutz, E. & Rind, P. (2011). Making Theory
Come Alive through Practice-based Design Research.
Swissdesignnetwork design research symposium Practicing
Theory or: Did Practice Kill Theory? Geneva University of Art
and Design (HEAD), Geneva.

[13] Ruland, C.M,, Starren, J., & Vatne, T.M. (2008). Participatory
design with children in the development of a support system

for patient-centered care in pediatric oncology,” Journal of
Biomedical Informatics, 41, pp. 624-635.

[14] Bradley, & Lang, PJ. (1994). Measuring emotion: the self-
assessment manikin and the semantic differential,” Journal of
behavior therapy and experimental psychiatry, 25, pp. 49-59.

Design and semantics of form and movement

61



Carol MacGillivray, Bruno Mathez
c.macgillivray@gold.ac.uk

Co-authored narrative experience:
Affective, embodied interaction
through combining the diachronic

with the synchronistic

Abstract

Examination of perception tends to look at senses

in isolation, but Neuroaesthetics and Gestalt design
principles treat perception as an embodied synaesthetic
experience. The Diasynchronoscope project takes time-
based techniques from animation and converts them

to spatiality, animating static objects through projected
light and creating transient visual cues that, when
combined with sound, demand selective attention. The
work challenges the use of passive nouns to describe
participants such as ‘user’ or ‘audience’ or ‘viewer’

and instead asks participants to recognise their true
position to be that of ‘exegete’, reading and interpreting
the gaps in space and time. Their interaction with the
work provides narrative meaning transcending the static
and hidden, to create a Gestalt systemic whole, making
each participant a truly immersed co-creator. Using
audience analysis, the paper evaluates the work against
more traditional media such as screen-based visuals
and makes the case for further research into somatic
perception of dynamics.

Keywords

Gestalt, animation, attention, projection, audience,
perception.
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1 Introduction

By removing the mediation of a screen, and suppressing
image recognition factors to create a narrative based
primarily on movement, the Diasynchronoscope is
designed to test the hypothesis that change is a key
signifier in perception [1] and that all change can only
be perceived through attention. In visual terms, this last
has been demonstrated in a number of reproducible
psychological tests such as studies in ‘change blindness’ [2].
The creators of the project are from audiovisual
industry backgrounds, and felt that ideas on continuity
of perception and how to ‘direct’ the eye had not
moved on greatly from psychologist Richard Gregory’s
observation that perceptions can be seen as predictive
hypotheses [3]. Indeed the powerful influence of the
‘just seen/heard/perceived’ is an essential tool for all
screen media. Marchant et al of Leeds University, UK,
showed through a three-year eye-tracking experiment
in attention mapping of audiences watching scenes from
Hitchcock’s Vertigo [4] that attention can be directed
about a screen with a surprising commonality [5]. This
commonality of viewing could be attributable to a
number of factors (perhaps not least to Hitchcock’s skill
in directing an audience’s attention and that Vertigo is
generally regarded as the best film made by a virtuoso
film director), but also appears to be physiologically
attributable to the way our visual cortex divides and
processes four separate parallel pathways of perception:
form, color, movement and depth. This paper looks



at the first phase of the Diasynchronoscope project
where experimental media designed by the authors to
explore notions of directed attention in an audience
unmediated by screen, and with suppressed cultural and
contextual content, is documented. It is the intention
that this first phase should be scaled up to a larger space
and to incorporate longer narrative elements, where
some current restraints such as audience number and
restricted viewpoints will be removed.

1.1 What is a Diasynchronoscope?

The name Diasynchronoscope comes from combining
Diachronic, (the study of a phenomenon as it changes
through time) with synchronous and scope (view). In
being so named, it evokes the early animation simulators
such as the phenakistoscope and the zoetrope which we
regarded as direct ancestors of the piece acting both as
art object and experimental media.

Used in a performance environment, the Diasynchro-
noscope is a real architectural space where prepared
3D objects are arranged in a way that they change
incrementally in shape and/or position (figure 1).
Although nothing in the room actually moves, the
objects are revealed through serial illumination in a dark
room, sequenced using the technique of projection
mapping. This technique enables creation of a
dramatization over time, encouraging the common
perceptual shortcuts of a participant to create
sequences and a narrative from static abstract objects.

Fig. 1. A range of objects in the Diasynchronoscope.

The closest practical examples for the Diasynchrono-
scope are the 3D zoetropes created by Pixar and studio
Ghibli. Here a rotating turntable is lit by strobe lighting
to give the illusion of 3D characters as real objects
performing in loops in a real space. Because the illusion
relies on a turntable, there is no narrative just looped
action. Nonetheless, the 3D zoetropes are objects that

create great wonder in modern spectators. It appears
that medium does impact significantly on the qualia of
experiencing movement and that there is something
special about seeing 3D unmediated by screen or
camera [6]. Because the Diasynchronoscope uses masks
to create specifically applied, sequenced projected
illumination, a narrative is possible, as is synchronization
of the effect with audio. In this first phase we showed

a restricted chunk of narrative to an audience of ten
participants from various backgrounds and ages and
recorded their perceptual responses.

1.2 Physiology Versus Personal Schemas
Although today’s audiences may not share the same
geographical or cultural space, they do share the same
cognitive neural architecture and perceptual shortcuts.
The interesting question is if they would create the
same narrative from abstract movement in an embodied
experience [7]. This introduces two main, at first
sight competing, areas for investigation: physiological,
universal shared cognition; and individual responses
drawn from personal schemas of movement.

The four separate parallel pathways of perception
in our visual cortex transmit signals devoted to form,
color, movement and depth. Of these four the least
explored appears to be movement, perhaps because it
is so hard to separate from other attributable contexts.
The first experiments in phi phenomenon were made
by Gestalt founder Max Wertheimer in 1912, where
he observed that rows of flashing lights created the
illusion of motion even when there was none [8]. The
discoveries of Wertheimer are credited with launching
a perceptual revolution giving designers the Gestalt laws
of similarity, pragnanz, proximity, continuity and closure.
Although as Filip Pizlo of Purdue University points
out, the literature on the phi phenomena or ‘pure’
movement and Beta movement, or ‘apparent’ movement
is very confused indeed [9], both require attention in
order for cognition to take place. Further, although Beta
movement has been divided into short-range and long-
range apparent motion the definitions of what these
terms actually constitute when translated to cognitive
perception is still opaque in most literature with, as
Joseph and Barbara Anderson remark in their seminal
paper The Myth of Persistence of Vision Revisited, little
consensus on the perceptual differences between Phi
and Beta [10]. The Diasynchronoscope explores the
two physiological functions (Phi and Beta) in a new way,
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by including synchronization with audio and embodied
phenomenological observation. The experiment exploits
Gestalt laws and human cognition shortcuts to achieve
an illusion of movement through selected attention.

Put simply, a personal schema is what makes us all
respond differently, eg. One man’s famine is another’s
feast. Each person’s upbringing and experience means
we cannot help but bring our ‘personal baggage’ along
with us when we encounter any phenomena. Personal
schemas are shaped by ‘relevance’ [11], and relevance
can be defined in terms of a cost-benefit analysis
weighting effort against effect. The more information
processing effort it would take to bear x in mind in

the context of y, the more costly it would be, giving an
equation of High cost = Low relevance. It is not that
we pre-compute just what effort and effect would be
involved in considering this or that connection/belief
before picking the most economical one, but that we
have evolved unconscious psychological mechanisms
that have much the same result [12]. Salience is what
makes us apply attention to a stimulus, and salience can
be either personal, or an evolutionary imperative. For
any set of sensory data, there are generally multiple
interpretations possible, but we need to rapidly

come to a perceptual conclusion if we are to spot an
aggressor or potential food source: Better to duck

a fleeting shadow than be hit by a rock. If a common
narrative were to be interpreted from an abstract
movement it would indicate salience taking precedence
over personal schema, but this could only be tested

in an embodied way. By combining Gestalt principles
with media theory and cognitive neuropsychology we
have developed a new form of kinetic perception, with
novel implementations of sequenced images in time
unmediated by the camera or screen. It is the first step
in a new way of looking at attention in perception,
communication and action that poses the question:
Does the unconscious perception of movement provoke
a stronger emotional response than image recognition,
particularly if synchronized with sound?

2 Methodology

Because the Diasynchronoscope used projected light, it
was essential that the sculpture took place in a blacked
out space. The creators achieved this by erecting a
2200 sqg mm gazebo indoors and covering the frame
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with heavy black velvet. After some experimentation it
was decided that the optimum material for creating the
objects was white medium density polystyrene cut to
shape. The polystyrene had to be painted black so that
it would not be visible to the viewer in the blacked-out
space. The lit result was pleasingly hard to register as
material, imbuing the finished artifact with a level of
ambiguity (figure 2).

Fig. 2. A single
polystyrene object
from the sequence.

As no object can
really be construed and labeled as ‘abstract’, an early
challenge was to design objects that deliberately
emphasized movement and were less likely to be
culturally loaded than recognizable. This led to
considerable debate about the character/object.

We finally settled on a basic ‘hero’ object/block
measuring 60 x 100 x 30mm. Aside from practical
considerations, we were very clear that we did not
want anything that resembled either a ball or a 3D
pixel, i.e. cube. As when we developed the movement in
virtual 3D, we decided we wanted to include a level of
animated squash and stretch.

Because the artwork required the dimension of time to
be translated into spatial dimensions, the work could
not have been made without using 3D visualization
(figure 3). In fact, all animation requires the animator
to translate the dimension of time to that of space but
this phenomenon is rarely made visible to the consumer,
who only receives the data when it is translated back
into time. Animators automatically switch between
time/space when animating, always aware of how,

for instance, higher speeds translate to greater gaps
between objects in space. Because the objects were
solid and the movement was so rapid, it would have
been very difficult to have accomplished a reasonable
animation without testing and adjusting it in 3D first.



Fig. 5. Objects ‘floated’ in space on fishing line and

suspended on black sticks.

The creators first worked out the sequence in Autodesk’s
3DS Max at 12 frames per second (fps). The normal rate
of film in the UK is 25 fps, but there is a long tradition
in model animation and claymation of animating on 12
fps and holding each frame for two frames to make up

a second’s worth of animation. This is clearly less labor
intensive and we trusted it not to look too jerky if the
animation held an optimum path. We also could not ‘over-
lap’ action frames, so we knew that the animation would
have to consist of fast movement and that we could not
stay on one plane but wanted to explore all axes of the
3D space. Because of space restrictions, the animation
was kept very simple and short using just 23 objects that
translated into exactly two seconds of animation (objects
10 and 17 were held for 3 frames) (figure 4).

The virtual objects were recreated in polystyrene and
hung in place using fishing line. This was fiddly and
required each block to be tethered to the top, bottom
and side of the gazebo to achieve stability (figure 5).

It was necessary to avoid hanging the three dimensional
objects perpendicular to the projection as only one
side would be illuminated. The optimal positioning was
where three sides are illuminated, emphasizing the

3d effect, but this was not possible for every block.

If we could have accommodated two projectors, we
could have used one as a ‘key’ light and the other

to act as a ‘fill’ light. When we were happy with the
block positions, we mapped the light projection using

a sequence of mattes animated in Adobe After FX.

This had to be done with much precision as each pixel
became crucial; too few and the definition of the object
was lost, too many and the light spilled off the object
and bled onto the black backcloth dividing attention.
Sound effects were added to the movement and relayed
via stereo speakers. The sound was designed to draw
attention and synchronize but not to provide a solid
identification for the objects as objects or characters.

The restrictive space meant we could only
accommodate one viewer at a time, and that viewer
was placed on a particular spot so that they might best
view the work’s 3D form. Each viewer was shown the
sequence three times, interviewed, and then asked to
turn around so they might experience the whole art
object at once (figure 6).
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Fig. 6. Picture of the whole artwork.

For this first phase of the project, the participants were
drawn via open invitation to friends and colleagues.

The participants (whose ages ranged from 25 - 81) were:

Juliet - a Jazz singer (and tennis player),

Janet - a tennis player, Ruth - a retired doctor,

Clem - a graphic designer, Peter - a web designer,

Rob T - an actor and writer, Rob M - a film director,
Livia - a music therapy teacher, Joseph - a painter

(and tennis player), Lucie - a lecturer in digital media.
Individual responses to the artwork were recorded on
film at the time of viewing, then the participants were
asked some deliberately open questions such as: ‘What
are your first impressions?’ and ‘What was going on?’
This was followed by a filmed plenary discussion.

3 Findings

Generally the findings of audience response could be
divided into three areas: response to the animation;
response to the holistic artwork; and influence

of personal schema. This last proved particularly
interesting as it yielded the strongest sense of co-
authored narrative, and was most satisfying for

both artists and participant. It also shed interesting
indications on the way personal schemas or memories
are laid down, offering a rich seam for further research.

3.1 Response to the Animation

The two-second animation was played three times
(http://vimeo.com/32451411gestalt/diasynchronoscope-
animation). Participant responses were recorded as
they watched the animation and they were then asked a
number of questions. The animation evoked a variety of
responses from ‘Is that it?’ to ‘wonderful!’ to laughter.
All participants read the movement as movement and
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were content that it felt ‘natural’. The majority felt that
the action was that of a ball bouncing. The animation
had been designed to give the impression of a swing
and bounce, with sound that served both character
and object, so this was what we expected. Where
participants did not agree was whether the object was
an object or a character, i.e. what it was or whether it
was a single object or a multiple one. However this did
not seem to cause confusion in most. To some it felt
very like a digital animated experience and to others

it felt very different and ‘real’. This could be attributed
to the nature of the embodied experience as some
moved their heads more than others and so would have
achieved a sense of depth and a level of parallax. The
people who moved most were non-digital artists and
those who played tennis.

3.2 Response to the Holistic Artwork

Participant responses to the revealed whole artwork
were also recorded (figure 6). Responses to this were
extremely positive, eliciting comments such as: ‘Like a
dream’, ‘Tactile, | want to touch it’, ‘Magical’’, ‘Looks
larger than life’, ‘Fabulous!’, ‘Oh yeah!". The unlikelihood
of the objects hanging in space without visible support,
and the new knowledge of the previous movement
made the holistic artwork a satisfying experience for all
of the participants. One question we asked everyone
while they viewed the holistic artwork was: ‘Would
you describe what you are seeing as a single object

or multiple objects?’. Responses were evenly divided
with four of the participants choosing it as clearly
representing a single entity, and four being equally
emphatic that the piece consisted of multiple objects.
Two participants were happy to conclude that it was
both multiple and single at the same time without
seeming to find this paradoxical.



3.3 Influence of Personal Schemas

The artwork was a sincere attempt to isolate movement
by suppressing the contexts of shape, mass and color.
Thus the shape was a block constructed of no immediate
contextual dimensions, and of no indicative material.
Although the mass had continuity, the size was indeter-
minate as there was no reference point to gauge size
against. The color was suppressed, deliberately neutral
in context and consistent. However it became rapidly
obvious that all participants imbued the experience with
interpretations drawn from their personal schemas;
often holding contradictory beliefs at the same time
with apparent ease.

Juliet and Livia, both from musical backgrounds were
primarily drawn to the audio, using their interpretations
of the sound as a springboard for their interpretation
of the whole artwork. Peter and Lucie, both working

in the digital domain, drew digital interpretations first
of all, before expanding their experience to other
areas. Joseph, Janet and Juliet who were all regular
tennis players interpreted the object clearly as a

tennis ball despite the contradictions of it being a) a
block and b) having the sound of a scrabbling creature.
The movement of the objects elicited a number of

ball responses from the participants, with Ruth (aged
81) interpreting the movement as being ‘just like the
Dambusters’ film. The synchronous nature of the
sound and the ‘cartoon’ quality of squash and stretch
elicited laughter from Rob T and Rob M (both used to
performance). The designer Clem was much drawn

to the holistic art object rather than the movement.
Several of the participants described the object as
bringing to mind a ‘kitchen sponge’. This could be
because of the ‘squashy’ nature of its mass or be
indicative of the prevalence of domestic associations in
their lives. Many described the final holistic object as
resembling a dinosaur spine, and there seemed to be
no problem for four participants to interpret the whole
artwork as ball, sponge and dinosaur spine within the
same contextual description.

These interpretations proved revealing of how varied
personal schemas are in individuals when they approach
stimuli and led to a deeper understanding of the real
nature of narrative co-authorship. Because of the
abstract nature of the artwork; it also shed some
interesting light on how memories may be laid down to
create our personal schemas. What is highly salient and
suggestive to one person may well be of no interest to

another, but what triggers saliency when the stimuli
is abstract?

4 Discussion

4.1 Animation: Gestalt, Phi, Beta and
Apparent Motion
The four separate parallel pathways of perception in
our visual cortex transmit signals devoted to form,
color, movement and depth and the animation was
designed to use Gestalt laws and animation principles
(such as arcs, and squash and stretch) to achieve
continuity of movement in all of these pathways.
Animators, magicians and film makers all exploit how an
audience will endow continuity of perception to objects
that displace within corresponding graded constraints of
shape, color, motion and mass, particularly if they move
in arcs and have verifying synchronous sound.
The Gestalt laws grew from experiments showing
that we group visual objects (in space) according to
similarity, pragnanz, proximity, continuity and closure.
It also demonstrated that auditory stimuli are grouped
(in time) according to similarity, proximity and closure.
A closer look at the Gestalt laws reveals how important
they were to underpinning the artwork in all of its
forms in time and space:
* The law of simplicity suggests that similar things
tend to appear grouped together, the objects within
the artwork were of sufficiently similar nature.
* The law of pragnanz is sometimes referred to as
the law of simplicity. This law holds that objects in
the environment are seen in a way that makes them
appear as simple as possible.
* The law of proximity holds that things that are
near each other seem to be grouped together.
* The law of continuity holds that points that are
connected by straight or curving lines are seen in
a way that follows the smoothest path.
* The law of closure refers to the way our brains
often ignore contradictory information and fill in gaps
in information to group things together if they seem
to complete some entity. We do not find it easy to
attribute randomness to stimuli; we cannot help but
search for a pattern.

One question that occurred to the writers was: Could
dynamics enable or disable a viewer’s comprehension
and assimilation of data? In an earlier experiment,
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the creators of the project tested the idea of graded
constraints by attributing varied colors to the objects,
thus disrupting the law of simplicity (figure 7). It was
immediately apparent that even though we were using
objects of great similarity, the color changes were too
great for their movement to be held as continuous.
The objects lost their grouping and became separate,
even though they held constant in terms of shape,
motion and mass. It would be true to say that any
large change in the constraints of each pathway would
also break the idea of Gestalt grouping. For instance
introducing random sizes would be similarly disruptive.

Fig. 7. Random adjacent color changes across a
wide range flouted the Gestalt law of simplicity
so that the impression of continuous motion
broke down.

This suggests that all four perceptual pathways of form,
color, movement and depth are equally important,

and raises the idea of further experimentation that
incorporates synchronized sound and vision.

The phi movement of Wertheimer has been proved
not to be a reasonable explanation for why we
interpret film as motion [10], [13]. This leaves only Beta
movement as a possible explanation. Beta movement

is apparent movement caused by luminous stationary
impulses. Multi-element or closely spaced displays may
be mediated by the same mechanisms as real motion,
while more widely spaced displays (such as the usual
two-flash displays used to demonstrate apparent
motion) involve a different type of processing. These
two types of processing are termed short-range and
long-range apparent motion, respectively. The four
perceptual pathways are processed in parallel, but

the movement pathway carries data more swiftly
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to our visual cortex and according to the discoveries

of neurologists such as Livingstone and Hubel and

Zecki [13], [14] our visual systems employ two different
computational strategies for processing closely spaced
stimuli and widely spaced stimuli. This leads

to Anderson and Anderson’s intriguing conclusion:

If we viewers process the motion in a motion picture
the same way we process motion in the real world,
then we must ask how we process motion in the real
world. The short answer to this question is that we
process movement in active meaning-seeking ways.

We rapidly sample the world about us, noting the things
that change and the things that do not change. We turn
our heads for a better view; we move left or right to
gain additional information provided by a different angle.
We move closer or farther away. We actively seek more
information about things that interest us. [10]

It is for this reason that we regard the
Diasynchronoscope project as scientifically worthwhile.

4.2 The Satisfaction of Art

Is the Diasynchronoscope project a work of art or

a scientific experiment?

Margaret Boden defines creativity as ‘the ability to

come up with ideas or artefacts that are new, surprising
and valuable’ [15]. This clearly allows for scientific
experiment to be both creative and interpretable as Art.
Part of the fascination for participants in experiencing
the Diasynchronoscope was that it was viewed as an
embodied experience that allowed for individual opinion
and interaction. Because the artwork had different
points of access (as a time-based study and as a static art
object that held the time-based object inherently within
itself), the two forms informed each other. Paradoxically,
the holistic artwork could be conceived as though the
participant is a camera on a very slow shutter speed,
receiving two seconds of data in a single moment. This,
coupled with the embodied 3D element, is a new and
surprising sensation. The artists would also like to stake
modest claim for this sensation being potentially valuable
in exploring dynamic cognitive perception.

4.3 Attention, Saliency and Personal Schemas
Change can only be perceived through attention,

and attention can intrude on conscious perception
because attention is drawn to an unexpected stimulus
on an involuntary basis. Thus a person suffering from
arachnophobia will spot a spider in a room before
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anyone else, as their awareness antenna for such a
stimulus is always near the surface, and it is most
pertinent to them. It is obvious that personal schemas
are highly influential in shaping our attention through
salience. Salience brings a stimulus to consciousness, and
immediately we set about selecting associations from
our personal schema to interpret the stimulus. Because
the stimulus was abstract and open to interpretation, it
seems likely that we store memories dynamically with
confirmatory sensory input increasing their likelihood of
truth. This is at odds with the frequently used analogy
of our minds as indexical filing cabinets; How likely is

a static mental model of anything if we can associate

so freely, riffing mentally between dinosaur bones,
sponges, balls and bombs in consecutive moments?
Memories are not stored indexically but dynamically,

i.e. when movement is interpreted in an abstracted
manner, we access mindful connotations that are not
drawn upon through taxonomy, but through metaphor
and metonym. Neurologically, we need to access events/
objects with a degree of intrinsic abstraction, so we
store memories dynamically. Hence art, poetry and
metaphor and metonym are simple manifestations of
the way our brains work. This tallies with the thesis of
Neuroaesthetics, namely that artistic models that echo
the psychophysical architecture of the mind are best

for depth of communication and qualia of experience
[14]. For art and poetry, metaphor and metonym are
not found in the concrete, but in the ‘gaps between’ the
concrete, and these gaps are filled by audiences acting as
exegetes. Exegetes who, despite being guided by artists
and sharing cognitive neural architectures tend to take
the same perceptual shortcuts, consulting our personal
schemas immediately and unconsciously, and bringing
forward contextual associations which have been stored
dynamically in our minds.

4 Further Research

When principles of design replicate principles of
thought, the act of arranging information becomes an
act of insight. [16]

The first phase of the Diasynchronoscope project has
yielded results that appear to confirm some theories
of cognitive perception such as the design theory

of neuroaesthetics and the importance of personal
schemas in co-authored narratives. However in some
ways it is clear that the project needs to expand if

it is to answer other questions raised in this text.

Because the work is performative yet entirely replicable
despite being unmediated by screen, it offers a new and
embodied way of exploring the physiological nuances

of Gestalt law and perceptual cognition.

The intention is to use this experimental artwork as a
springboard for a more ambitious artwork that removes
some of the restrictions of time and space inherent in
the piece.
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Semantics of surprise: Strategies
for eliciting surprise through design

Abstract

This paper reports on the role of semantics in the
strategies industrial designers use when attempting

to elicit surprise. Surprise is the emotion people
experience when they appraise a stimulus as “novel”.
While “novelty” is one of the main factors that
designers can bring into a product, little has been
reported about what strategies designers use when they
intend to surprise.

Thirty senior representatives from influential design
organisations were interviewed with the intention

of uncovering strategies that designers use in their
process. The analysis of the responses suggests the
strategies are often connected to the semantics of the
product, and that a common factor in order to elicit
surprise is to challenge the expected semantics of an
object on different levels: social, cultural and emotional.
The suggested strategies are analysed in comparison
with current literature. The research suggests that the
strategies suggested in this paper represent explicit
ways in which designers attempt to elicit surprise. The
paper concludes suggesting that further research should
be carried out in a research through design approach to
uncover further strategies that designers use implicitly
and did not explicitly mention during the interviews.

Keywords
Industrial design, surprise, semantics.
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Relevance to Practice

The paper suggests a list of strategies that industrial
designers use when addressing the semantics of
products in order to elicit surprise. The strategies can
in turn be used by students and practicing designers.

1 Introduction

Semantics has been investigated and used to offer
meaning to complex to use objects: it helps designers
indicate how objects should be used [1], [2]. This has
been criticised [3] as producing objects that, while
offering an interaction in which people easily understand
what they need to do, it also produces objects that lack
novelty, and therefore a sense of surprise. On the other
hand, surprise breaks expectations, which implies that
sometimes it may go against usability, as people cannot
employ their expectations about how an object should
be used.

Surprise has often been used in design as an element
for eliciting an experience of amazement [4], to create
a sense of novelty [5], “to increase interest or prolong
the attention value of a product” [6], to “engage the
user” [7], and to elicit curiosity and further exploration
of the object [8]. Designers have often relied on their
intuition and informed experience to produce objects
that elicit experiences through the appearance and
interaction that their designs offer. However, little has
been reported about how designers approach projects
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when they intend to surprise and what strategies they
may follow and in particular, what the role of semantics
is in eliciting surprise.

2 Methodology

There were 30 interviews with senior representatives
from design organisations. All interviewees were
senior designers, design managers or CEOs of design
companies. The interviews were semi-structured and
in-depth. The interviews were carried out according to
Victoria University of Wellington’s Ethics Committee
Approval number 16059. All interviewees agreed to
have their name published, as it would be impossible
to present their projects and maintain anonymity.

The interviews were semi-structured [9], in-depth [9],
[10] and lasted between 40-60 minutes.

The analysis of the interviews followed a Grounded
Theory approach with a postmodern turn, namely
situational analysis [11], [12]. Firstly, the interviews were
transcribed using a selective transcription approach
[13], [14]. The transcriptions were printed and used
for coding and memoing [12], [15]. There were several
stages of interviews following theoretical sampling and
opposite sampling approaches. The codes and memos
were used as raw data to build situational maps.

The questions necessary to build situational maps

are: “Who and what are in this situation? Who and
what matter in this situation? What elements make

a difference in this situation?” [12]. Once the maps
were constructed, they were used to find and describe
relations between the important elements in the
situation (Table 1). In particular, the analysis focused
on creating “positional maps”, which help develop
“strategies for plotting positions articulated and not
articulated in discourses” [12].

3 Results: Strategies to Elicit Surprise

The results from the situational analysis of the
interviews suggest strategies that designers explicitly
use when intending to surprise. They are divided into
two main sections: strategies used as a motivation
for designing; and strategies used during the act of
designing. The paragraphs below indicate whether the
projects address semantics at the cultural, social or
emotional levels, or a combination of the three.

3.1 Strategies Used for Observing the World:
Finding the Potential to Elicit Surprise as a
Motivation for Designing

The strategies found in this category refer to the
observations designers have of their world that inspire
design projects. There were several ways in which
designers found relevance in their worlds, and these
could be seen as “observations beyond my personal
experience”, “observations of my direct experience”,
and “issues in my world”. These observations have
the common denominator of having such a strong
impression on the designers that motivate them to
start and carry out full design projects, from concept
to manufacture, based on such observations alone.

Observations beyond my personal experience. This strategy
refers to observations that designers have of how other
people use objects, what they do in their daily activities,
what they need. There seems to be a difference between
observations of people close to the designers, such

as family and friends, and strangers, which means that
this strategy relates to semantics at the social level.
Observations of family and friends seemed to be more
meaningful for the designers. For instance, Matali Crasset
mentions how she designed a range of furniture based on
observations she had of her friends. The range is called
Les Amis de Matali (Matali’s friends). One of the projects
develops from the observation that some of her friends
often visit Paris, where apartments are small, and the
friends they stay with often lack appropriate furniture for
sleeping guests. In this case, Crasset designed furniture
for her friend Jim who often visits her in Paris. Quand
Jim monte a Paris (when Jim goes to Paris) is a structure
of everyday furniture that could become a small private
space and bed in a small apartment (Figure 1). It attempts
to elicit surprise by normally being a piece of furniture for
storage, and becoming bedroom furniture when lim visits.
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Fig. 1. Quand Jim monte a Paris by Crasset. Image
courtesy of Matali Crasset.

Bill Webb mentions the example of designing an alarm
clock for Barbie based on the observations he had of
her nine year old daughter. He mentions:

| have a daughter, inevitably | start to see through her
eyes and what she might want and understand. Kids’
products or toys are challenging, trying to get into
their mindsets does not come as naturally. You want
to keep the energy alive. You want to be as passionate
about you doing [sic] a Barbie box as you are when
doing a Nike watch (B. Webb, personal communication,
October 6, 2008).

Webb talks about seeing the world through his
daughter’s eyes in order to keep a high level of interest
in the project as well as to better understand the
potential users. In order to achieve this, he turns to
people close to him, as Crasset turned to her friends.
Observations of my direct experience. Designers also
described finding relevance in their worlds through
“personal experience”. In this case, it is not an
observation of something happening to someone else.
It is something that happens directly to them. Personal
experience can be at the behavioural level “how |

use objects”, at the cognitive level “how | understand
objects” or at the emotional level “how | emotionally
experience objects and the world”.

Behavioural level: How | use objects. At the behavioural
level, designers mention that how they use objects
themselves is sometimes the deciding factor as to how
to approach the design project. This category refers
specifically to how they interact physically with objects.
This strategy refers to semantics at the cultural level, as
the designs attempt to elicit surprise by challenging the
ways in which people have culturally learned that the
physical interaction with objects should be like.

An example of “how | use objects” is the lamp On/
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Fig. 2. Lamp On/Off by Santachiara, Meda and Raggi
for Luceplan. Images courtesy of Denis Santachiara.

Off by Santachiara (Figure 2). The lamp is turned on

or off by shifting its weight from one side to the other.
The lamp attempts to surprise people by not having a
standard switch. The design of the lamp originated as a
response to accidentally knocking over the bedside lamp
when falling asleep and trying to turn it off. The same
kind of gesture can in this design turn the lamp on or
off, without knocking it over.

Emotional level: How | emotionally experience the world.
Bill Webb offers a description of “how | emotionally
experience the world”. He mentions that:

designers are pretty emotional people, there is a

lot of passion in the work that we do that hopefully
comes through the work that we do... Research can

be very instinctual to us as designers being part of the
culture, whether it's sports, consumer electronics,
housing, gaming... Just because we live and breathe

as much as we can every day, we have our point of
view as consumers and designers (B. Webb, personal
communication, October 6, 2008).

This strategy is obviously within semantics at the
emotional level. Ingo Maurer offers a more specific
example of how an emotional experience of the world
can lead to a specific design. Back in 1975, Maurer was
in Lake Constance in Germany. He saw a fisherman
hauling in a net full of fish, and the drops of water falling
from the net looked like tears. There was a strong light
from the morning sun reflecting on the drops. He kept
this observation for 35 years and designed the Lacrime
del pescatore (Fisherman’s tears) installation (Figure

3). The design consists of a series of layered nylon nets
with 350 crystals illuminated by a halogen light bulb.
The nets move slowly and give a sense of breathing. The
illuminated crystals represent tears. Maurer admits that
the installation was very close to his own emotions,



Fig. 3. Lacrime del Pescatore by Ingo Maurer.

Images courtesy of Ingo Maurer.

and his intention was to express those emotions. He
even mentions that the design “was a bit on the edge,
it may be seen as kitsch, but | am comfortable with

it because the final result, including the movement

and composition, express what | felt 35 years ago” (I.
Maurer, personal communication, September 21, 2009).

Issues in my world. “Issues in my world” involves

mainly current social issues that are important for the
designers and subsequently sits at the social semantic
level. Crasset mentions that she often develops

ideas from reading newspaper articles (M. Crasset,
personal communication, July 22, 2006). Maurer offers
an interesting example of this category. Maurer says
that for him the incandescent light bulb is “the most
wonderful object made by human beings” (I. Maurer,
personal communication, September 21, 2009). The law
introduced in Europe in 2009, which banned frosted
incandescent light bulbs, irritated Maurer. His team
designed the Euro Condom (figure 4) in response. The
design involves a silicon cover that diffuses light just as
the frosted incandescent bulbs do. The design intends to
make a statement about an important issue in the world
according to the designer.

Gaining design knowledge through surprising experiments.
A category beyond observations for intending to

elicit surprise as a motivation for designing is through
experimenting. The designers set up the experiments,
but they do not know what may come out of them. The
results of the experiments are then modified in order
to make them final functional products. This strategy
relates to semantics at the cultural level, in particular
as the designers are surprised themselves by producing
findings that challenge their cultural assumptions of how
objects ought to be.

Fig. 4. The Euro Condom by Ingo Maurer.
Image courtesy of Ingo Maurer.

Examples of projects that are the result of
experimenting and where the designers intend to elicit
surprise come from Front Design. For instance, in the
“Design by Animals” project, Front put different animals
to the task of affecting their material environment. In
one experiment, Front mapped the movement of a fly
around a light bulb in order to design a lamp (figure 5).

The design process normally involves some degree

of experimentation, where the designer sets up
experiments with materials, textures, colours,
interactions or other media and cannot fully anticipate
the final result. For instance, the lamp Titania by
Alberto Meda and Paolo Rizzato incorporates
interchangeable coloured filters. The light from the
lamp changes colour when the user changes a filter
(figure 6). Meda mentions that the initial intention in
designing Titania was to explore the form of a plane’s
wing (A. Meda, personal communication, September
15, 2006). They found the property of changing the
colour of the light from experimenting with different
materials attempting to decide which colours of plastic
they should offer the lamp in. They found that including
only one coloured sheet of plastic was enough to
change the colour of the whole lamp, which was an
unexpected finding. The difference with projects such as
the ones described above by Front Design is that Meda
did have an intention to design a lamp with particular
characteristics and he found a particular feature —
changing colour through changing filters— during the
design process. On the other hand, Front Design did
not know what the actual object or formal result would
be at the start of setting up their experiments. The full
result of the experiment becomes an object, rather
than a feature of the object.
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Fig. 5. Fly lamp by Front Design.

Image courtesy of Front Design.

3.2 Strategies Used During the Designing Stage
of a Project: Applying my Informed Experience
As opposed to “strategies at the observation stage

of a design project”, this category does not focus

on observations by the designers; it represents the
synthesis of their research into a designed object. It
occurs during the design process, as opposed to being a
motivation for starting a project. The process has been
described as design synthesis [16] and the designers’
spark [17], [18].

It is important to note that some designers seem
unable to verbalise the properties of objects that will
surprise. For instance, Laura Polinoro from Alessi
states that what they look for in new projects is “to
create a resonance, an affinity”, and that “objects need a
personality, an identity” as well as “a semantic value to
create emotion” (L. Polinoro, personal communication,
September 25, 2004). It is impossible to tell how to
achieve this, as every object needs to be new, and
therefore there are no recipes to achieve such goals.
As creative director, Polinoro can only tell that such
goals have been achieved when she sees the finished
project, but she is unable to explicitly say what those
characteristics are.

The smart doubling of things. Morenstein asserts that
“it is ‘the smart doubling of things’ that | think people
discover, are surprised by, and enjoy” (personal
communication, November 10, 2008). For instance,
Fuseproject was involved in the branding and product
design for the Y water bottle (figure 7). Morenstein
states that “it is a very emotional product, and

that it had to appeal to children” (J. Morenstein,
personal communication, November 10, 2008). The
clients wanted to brand a healthy drink with special
ingredients for bone and muscle growth. They wanted
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Fig. 6. Titania lamp by Alberto Meda and Paolo Rizzato.

Images courtesy of Alberto Meda.

Fig. 7. Y water bottle by Fuseproject.
Image courtesy of Fuseproject.

Fig. 8. The way in which the Y water bottle needs to be
held implies a playful interaction. Image courtesy of
Fuseproject.

to elicit surprise through the aesthetics of appearance
reminiscent of the shape of bones through the form

of the bottle.

In the same project, Fuseproject approached aesthetics
of interaction through the form in which the bottle

is held, which offers a playful interaction for children
(figure 8). The design goes beyond an aesthetic



Fig. 9. The design of the Y water bottle becomes a toy
after consumption. Images courtesy of Fuseproject.

Fig. 10. Jawbone Bluetooth headset by Fuseproject.

Image courtesy of Fuseproject.

Fig. 11. Levitating lamp; Fig. 12. Separating drawers;
Fig. 13. Disappearing drawer by Front Design.

Images courtesy of Front Design.

interaction during the consumption of the drink and
includes literal playfulness by using a biodegradable
rubber band that serves to join bottles together (figure
9). This feature incorporates an environmental factor
that is achieved through creating an appealing use

after consumption. Fuseproject claims that the use
after consumption is only possible because the object
produces an emotional connection with children.

Breaking expectations through challenging assumptions
of appearance. This strategy refers to projects in which
designers change what could be seen in the industry as
an assumption of how a specific object should look, and
refers to a culturally-learned visual-meaning. It seems
that the more established an assumption of appearance,
the more surprising a challenging design can be.
Morenstein mentions the Jawbone Bluetooth headset
(figure 10) as an example of a project attempting to
challenge assumptions of appearance. He states that
previous Bluetooth headsets looked like “blobs” as
they were designed with the premise that “if we are
going to design something for your face, let’s make it
organic, so that it’ll blend in” (J. Morenstein, personal
communication, November 10, 2008). Fuseproject’s way
to address this issue was to design beyond an expected
assumption: that a Bluetooth set needs to look organic.
By addressing such assumptions and expectations, the
designers attempted to elicit surprise. Morenstein adds:
“l don’t put a chicken wing on my face, that’s organic.
We said: things people wear on their face are jewellery.
They have to have details and materials selection...

that was [sic] complementary to the way that | look”.

Surprising through magical interactions. There were at
least two studios that explicitly claimed to attempt

to elicit surprise through magic and used cultural
expectations of the objects’ meaning in order to
surprise. Front Design has incorporated magic in an
attempt to elicit surprise. For instance, they developed a
range of products in collaboration with magicians.

The designs are created with what would seem
“impossible characteristics that defy the laws of nature”
[19]. The results include a lamp that levitates (figure 11);
a chest of drawers that separates and floats away (figure
12); and another chest of drawers with fronts that
disappear, revealing an empty inside (figure 13).

Surprising through using archetypes in unexpected
contexts/objects. Under this category, designers used
an archetype for an object and translated it into
unexpected situations. Pezzini’s design of the moving
stool reflects the use of an archetype —a bucket- used
in a different context: as a stool (figure 14).

Designers have often used this strategy in the design of
lamps. The archetype used is the form of a trapezoid to
signify a lamp. For instance, Santachiara’s workstation
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Fig. 14. Moving Stool by Pezzini.
Image courtesy of Pezzini.

desk “Angel” includes doors that when closed make

it look like a giant lamp (figure 15). This project also
connects to the strategy below “Surprising through
unexpected scale”. The design includes another identical
but smaller lamp inside the bigger one, as a medium to
emphasise the changes in scale.

Sismo Design from Paris often uses archetypes in
different contexts. For instance, they used the form of
a wine glass to design the vase Verre (“glass”, figure 16).
They also used the shape of a key as an element to turn
switches on and off (figure 17).

The use of an archetype in a different context can
sometimes allow only a very literal interpretation:
once the new connection is understood, there may be
very little more about the object that is interesting. As
mentioned in the introduction, the emotion of surprise
is very short lived and may be a single experience.
Fox-Derwin suggests that some projects are “one-
liners”, which means that they hold an interesting
feature, but once that feature is experienced there is
not much more to the design (E. Fox-Derwin, personal
communication, May 26, 2010). To express the idea

of a “one-liner”, Fox-Derwin refers to the “crushed”
ceramic cups by Rob Brandt that imitate what a crushed
plastic disposable cup would look like. In her research,
she explores the idea of incongruity and tries to find
ways to take designs beyond “one-liners” [20].

Surprising through unexpected scale. Designers referred
to the use of scale for intending to surprise people. For
instance, Santachiara’s workstation/lamp Angel uses
the form of an archetypal bedside table lamp on a much
bigger scale (figure 15). Sismo Design uses unexpected
scale in the form of changing the proportions of an
object. The design of their Chaise longue (long chair)
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Fig. 15. Workstation/lamp Angel by Denis Santachiara

for Naos. Image courtesy of Denis Santachiara.

plays with words to offer exactly that: a long chair
(figure 18). The design plays with the scale of the length
of the chair.

4 Conclusion

This paper serves as a snapshot of how designers use
semantics to intend to elicit surprise. This paper offers
specific strategies that are directly applicable to design
projects. The strategies are specific enough to be
workable, but general enough not to dictate recipes
that limit creativity.

4.1 Attempting to Elicit Surprise through
Interaction as a Motivation for Designing or
During the Design Process

The ways in which designers apply their informed
experience could be put into two categories: as a
motivation for designing or as strategies to use during
the design process. The first category refers to the
inspirational observations of the designers’ world.
These could include observations of other people’s
experiences, or observations of their own experience.
When the observations related to the designer’s own
experience, projects were discussed that came from

a behavioural level: how the designer uses objects;
from a cognitive level: how the designer understands
objects; or from an emotional level: how the designer
emotionally experiences the world.

The second category refers to strategies through which
designers intend to elicit surprise through interaction.
This section reported on five specific strategies:
smart doubling of things; breaking expectations
through challenging assumptions of appearance; use
of archetypes in unexpected contexts/objects; use of
magical interactions and use of unexpected scale. It
should be remembered that these categories relate only
to the findings from the Grounded Theory analysis of



the interviews. There are many more strategies

that designers use. Ludden et al refer to at least six
strategies to elicit surprise specifically through visual-
tactual incongruity [21]. These include using a new
material with unknown characteristics; a new material
that looks like a familiar material; a new appearance
for a known product or material; combination with
transparent material, hidden material characteristics;
and visual illusion. Ludden also reports other strategies
to elicit surprise through visual-auditory and visual-
olfactory incongruities [8].

Two of the visual-tactual strategies offered by Ludden
et al [21] resemble strategies from this research. The
first one is “a new appearance for a known product or
material” [21]. It is similar to the strategy “breaking
expectations through challenging assumptions of
appearance” from this research. | specifically refer to
it as “challenging assumptions” as this implies that an
assumption has been formed about what the appearance
of an object should be like. This is important, as it

may seem that the more established the assumption

of an appearance is, the more surprising a challenging
appearance would be. Josh Morenstein reinforces this
idea when he says “we found that people thought that
all Bluetooth headsets needed to look organic... so
we challenged that notion” (J. Morenstein, personal
communication, November 10, 2008). Ludden refers
to this characteristic by mentioning that the strategy
refers to a “familiar” or “well-known” product [21].
The second strategy that resembles the findings from
this research is “visual illusion” [21]. The strategy
connects to “use of magical interactions” from this
research. It also relates to and involves “visual illusions”,
but expands such a notion by allowing more than just
visual illusions and allocating other potential ways to
use magic. An example of this can be seen in the use of

Fig. 16. Vase Verre; Fig. 17. Switches Les reférents; Fig. 18. Chaise longue (long chair) by Sismo Design. Images courtesy of Sismo Design.

technology and touch in the Leaf lamp by Fuseproject,
which uses tactile sensors to turn on and off, dim the
light, and change colour through an RGB controller,
all without moving or visible switches.

The categories described above do not intend to

be exclusive or exhaustive. As previously discussed,
some designs served as an example for two or more
categories. For instance, the project for the On/Off
lamp started from a behavioural observation by the
designer — knocking over bedside lamps with one’s arm.
The solution relates to the specific way in which the
designer understood objects, and involved an intention
to elicit surprise through magic and unexpected
movement.

4.2 Further Research

The limitations of this research include that the
suggested strategies are based solely on the responses
from the interviews. Such an approach gives depth

to the analysis and assures that the intentions of the
designers are accounted for, which is the main goal of
this research. However, it should be pointed out that
there are other categories that could be found through
analysis of existing designs without directly talking to
the designers. Such categories were omitted in the
analysis, as | had no further information about the
original intention of the designers.

It was mentioned in the introduction of this paper that
surprise has the characteristics of drawing people’s
interest towards stimuli and that it relates to familiarity.
Designers either moved away from the familiar to
elicit surprise, or used familiar elements in a different
context to elicit surprise. However, further discussion
about familiarity is necessary. For instance, how do we
establish what, and for whom, something is familiar?
How far away can designs step from familiarity and still
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elicit a pleasant surprise? Using unexpected contexts
seemed to be a common strategy for designers.
Nevertheless, an unexpected context could be anything
that is not the expected context. How do we know
that an unexpected context may work in a favourable
way for eliciting surprise? Such questions go beyond
the answers from the interviewees and the scope of
the research this paper draws on. The balance between
eliciting pleasant surprise and moving away from
familiarity should be further investigated.

The goal of this paper was to report on explicit ways
that designers use to surprise. Further research should
investigate implicit strategies designers use to surprise.
The research could follow a participatory research
approach, with researchers working as designers with
design studios, attempting to uncover strategies that
designers do use but were not able to verbalise through
the interviews.
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In source selection during product
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Abstract

Metaphors have a communicative role in design that
entails a transfer of meaning from an entity (i.e. source)
to the designed product (i.e. target). In this paper, we
investigate the effect of the expertise of designer on
the accessibility of the sources that they employ in
metaphors. In the study conducted, novice and expert
designers were asked to generate metaphors and the
sources they selected were used for analysis. The
results indicated that, (1) novices tended to select easily
accessible sources whose similarity with the target
were obvious, and (2) experts tended to use sources
that were less similar with the target and more difficult-
to-access in the first place. These results were then
discussed in the light of metaphor theories and product
design knowledge.

Keywords

Product Metaphors, Metaphor Generation, Source
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1 Introduction

The flyswatter of Atypyk nicely illustrates the power
of metaphor use to tell stories through products

(Fig. 1). By associating a flyswatter with a magic wand,
the designer of this product wittily brings in a novel
approach to get rid of the unwelcomed flies and insects

in your house. Actually, Killing flies is an activity that is
not quite pleasant for the most, and to be able to Kill
them “magically” without the brutality is a tempting
idea in itself. Although the product works as a regular
flyswatter rather than with magic in this case, its

form leads the users to use it in a creative manner.

By means of this product, it is easy to picture people
running around in the room and getting rid of flies with
a magical “wave and flick”. This gentle movement is
also in contradiction with the harshness of the hitting
that you would do with a regular flyswatter. For these
reasons, the product has a strong humorous and playful
dimension that associates the mundane activity of killing
flies with the world of fairies and magic.

As a matter of fact, this is what the metaphors are

used for. They have a communicative role that entails
the transfer of meaning from one entity to another.
This quality extends the limits of metaphors beyond
language. Since metaphors associate two distinct entities
in order to attain new meanings, various disciplines
make use of them frequently (e.g., psychology,
linguistics, art, advertising, architecture, music,
mathematics, gesture studies, literature, film studies,
religion, etc.). In the design domain, metaphors are used
as tools to define the design problem, generate ideas
and enhance creativity [1], and/or as a communication
medium with the users to express meaning and achieve
cognitive and affective effects [2], [3].
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Fig. 1. “Bzzzz... Vlan” flyswatter by Atypyk Design, 2005.

To go back to Fig. 1, in technical terms, the flyswatter
is referred to as the target of the metaphor, which is
the product that is designed for conveying a particular
meaning. The magic wand is called the source, namely
the entity that is associated with the target to convey
that meaning. The generation of product metaphors
involves a transfer of attribute(s) from the source to
the target. In a typical metaphor generation situation,
there are tens, if not hundreds, of possible sources to
associate with the target, yet the designer focuses on
only one of these. This selection is a highly important
decision that determines the comprehensibility and the
quality of the metaphor, but little is known about the
factors affecting this selection. Metaphor generation
and source selection are mostly neglected even in

the linguistics domain, where the wealth of research
is directed towards metaphor comprehension and
appreciation [4].

In the literature, it is widely accepted that target and
source domains in a metaphor share some attributes,
and this similarity is the reason why they are brought
together [5], [6], [7], [8], [9]. This similarity may be
rather obvious and easily accessible; or it can be based
on “deeper” relations and thus more difficult to notice
in the first place. In this paper, we address the ease

of accessibility of a source based on target-source
similarity. We argue that the expertise of designer
has an effect on the ability to access sources that

have different levels of similarity with the target. For
this reason, our aim in this study is to investigate if
novice and expert designers tend to use sources with
a particular level of similarity with the target while
generating metaphors.
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In the sections that follow, we will first expand on

what is currently known about target-source similarity,
source accessibility and their relation to expertise in
the literature, and then present the study we conducted
together with the discussion of the results in the light of
metaphor theories and product design knowledge.

2 Similarity of Target and Source

Similarity refers to the likeness or resemblance of two
entities, and it increases as the number of common
features between the entities increases and as the
