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ABSTRACT 

As a result of development toward ‘smart’ materials, materials now enable an expanding range of 
aesthetic expressions and user experiences. These materials are fundamentally temporal in their 
capacity to assume multiple, discrete states of expression that can be repeatedly and minutely 
controlled. These materials come to be, or become, only over time and in context – they are 
becoming materials. Thus, in the development and application of such materials, we must engage 
more extensively with the experience of materials in practices of design and of use. This paper 
introduces and discusses the concept of becoming materials – as well as the implications for practice 
– through a series of examples from our own practice-led research within art, design, and 
architecture. Coming to terms with the implications for material practices of design and of use, we 
suggest, requires the development of new concepts and methods for doing and studying the design of 
becoming materials. 
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1 INTRODUCTION 

About half a century ago, when material science became a discipline, material development had 
already extended beyond traditional materials such as wood, glass, or metal. Incorporating 
knowledge from chemistry, physics, and engineering, new materials such as polyvinyl chloride (PVC), 
fiberglass, and plywood could be developed as a whole, in terms of an expanding range of specific 
functional and performative potentials (Gordon 2006). Many were invented for specific purposes and 
with such advanced properties that they could replace functions previously fulfilled by entire 
products. Such new materials presented challenges to design theory and practice, as materials moved 
from being something that could be experienced and formed through direct interaction to the 
performance of something determined (and designed) at the scale of molecular structure. At this 
turning point in design, Ezio Manzini (1989) articulated a shift from being to doing materials. 

Material development has since taken another turn. Materials introduced more recently have the 
ability to change continuously in relation to external factors and internal programs. Typically referred 
to as ‘smart’ or ‘computational’ materials, these incorporate technological innovations from areas 
such as nanotechnology, computer science, electronics, and established material science. For 
designers, this introduces new possibilities for designing the material as a whole as well as 
programming material performance or behavior over time. However, previous approaches no longer 
suffice for relating to an expanding range of complex, context-dependent functions and expressions, 
for which experiential references and design precedents hardly exist. Furthermore, such materials are 
only rarely mass-produced, existing as a realm of potential rather than as physical samples.  

Following Manzini, we argue that smart and computational materials require the development of 
concepts to support ways of understanding, describing, and working with such materials in design, 
art, and architecture practice. Today, we have the possibility to design unprecedented material 
performances and expressions – materials that enable an expanding range of aesthetic experiences 
and user interactions. Design decisions affecting such potentials are made early on within material 
development processes, with profound implications for practices of design and of use. The active and 
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reactive capacities of such materials means that they continue to evolve within situated and social 
contexts of use – anticipation of which must take place within design and development processes. 
This implies a need to expand the range of concerns and methods beyond those typical in materials 
development. Along with concepts that capture the potential intrinsic to such materials as well as the 
(inter)activity of such materials in context, we might also renew approaches to material practices of 
design and of use. 

Smart and computational materials are fundamentally temporal – not only in terms of patina or 
disintegration, but in the capacity to assume multiple, discrete states of expression that can be 
repeatedly and minutely controlled over time. The temporal and responsive nature of such materials 
means that their spatial expression depends upon and evolves as a sort of co-production between 
properties intrinsic to the material and to circumstances in use. These materials come to be, or 
become, only over time and in context – they are becoming materials.  

In this paper, we examine the new material turn and propose the term becoming materials to relate to 
the potentials of new materials as well as implications for design. This term relates to wider 
theoretical and practical developments in design and architecture and points, more generally, to post-
structuralist conceptions of performativity in the social sciences. Such references inform our 
conceptualization of new materials, which we further develop in terms of specific challenges for 
working with and studying the expressions and effects of new materials in practices of design and of 
use. Throughout, our own experimental work with materials exemplifies concepts raised and 
discussed, and a final design example provides a further basis for discussing issues of practice. 

2 MATERIAL DEVELOPMENT 

In his seminal analysis, Manzini (1989) addressed the possibilities for design opened up by new 
material development at the time. He argued that the new materials entailed a significant change in 
how we must understand and can work with materials. He stated that, historically,  

once a material was considered to be “known,” reference to that material became a handy 
abbreviation for the set of relations between conditions of use and performance that typified 
that material. The value of this synthetic form of expression, that is, its socially accepted and 
unmistakable meaning, was based on two conditions: 
- there were few materials and they were quite distinct one from another, so that each 

corresponded to a well-defined field of relations; 
- materials remained constant over time in terms of qualities and properties, and their 

variations (or the introduction of new materials) were slow enough to allow the 
adaptations of the system of meanings. (Manzini 1989, p. 32)  

With the technological progress of material science, the materials available to design had expanded 
beyond those with well-known properties and expressions to those with advanced functionality and 
abstract sets of properties. In tune with the prevailing linguistic turn at the time, Manzini argued for 
the need to develop a language to support or substitute for direct material experience. Since designers 
could no longer expect to become craftspeople, specialized in giving form to specific materials, new 
ways must be developed to navigate the expanded range of available possibilities (Manzini 1989). 
Beyond merely existing, at hand and with properties apparent to the designer, new materials were 
characterized by their functionality – rather than asking "what is it?", designers needed to begin asking 
"what does it do?" (Manzini 1989, p. 34) in order to understand a material’s potential applications 
and performances. Manzini referred to this as a shift from working with materials that merely are to 
working with materials that do – in which function is the prime denominator.  

The new material turn today is based in the development of smart and computational materials. The 
term ‘smart materials’ refers to the development of composite materials with advanced functionality 
capable of sensing and responding to changes in the surroundings. NASA defines smart materials as 
"materials that ‘remember’ configurations and can conform to them when given a specific stimulus" 
(as quoted in Addington and Schodek 2005, p. 8). Axel Ritter (2007) operates with a broader 
definition and describes smart materials as those "materials and products that have changeable 
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properties and are able to reversibly change their shape or colour in response to physical and/or 
chemical influences, e.g. light, temperature or the application of an electrical field" (Ritter 2007, p. 8). 
Common to the various definitions is that new functionality enables materials to progress and reverse 
through multiple, discrete states and, in some cases, to change states in response to external and 
contextual factors. An archetypical example of a smart material is shape memory alloys, often made 
of a nickel chromium composition, which are capable of ‘learning’ a form induced when exposed to 
heat. When the temperature thereafter rises above a certain threshold, the alloy will ‘remember’ its 
hot shape and, when the temperature drops, it will change back to its cold shape.   

A specific strain of smart materials includes computation (cf., Vallgårda and Redström 2007). These 
are composites in which computation is introduced to process inputs from a given context and to 
control the consequent expression or formation of the material. The integration of computation into 
material composites enables extensive and direct control over the material’s context-dependent 
behavior. While any material, given time, will reflect the circumstances and conditions of its context 
as chemical and physical expressions such as deformation, patina, and disintegration, computational 
materials allow another and expanded range of (inter)dependencies. Augmented by computation, 
material expressions and functionality can be exaggerated, transformed, delayed, or initiated as 
completely new reactions to contextual situations. This particular capacity of computational 
composites is due to the abstraction of sensory input from the context into binary sequences of 
electricity flow. Binary abstraction entails that inputs can be combined and processed in a wide 
variety of ways within the computer’s logical circuits and, consequently, be transmitted through a 
transducer as commands that change the expression or function of the overall material.  

The unique attribute of smart and computational materials is their ability to change continuously 
depending on context, which goes well beyond deformation due to normal physical or chemical 
disintegration or ordinary wear-and-tear. Such examples include work with textiles (cf., Post et al. 
2000; Redström et al. 2005), with concrete (cf., Ritter 2007, p. 88), or with glass (cf., Benjamin and 
Yang 2006; Dalsgaard and Halskov 2009). These changes are not accumulative, like patina, but 
discrete, reversible, and, potentially made independent of history. No material is context-
independent, but these new materials are able to relate to context in ways not previously possible – 
indeed, their expression can be directly and immediately linked to specific events occurring outside 
of the material. Terms such as being and doing can capture some of the behaviors of these materials 
that can transform continuously in response to sensed events. However, they do not capture the 
consequent expressions and experiences, which are central to the design possibilities and challenges 
with respect to these new materials. This suggests that, once again, we need to revisit how we relate 
to materials in design.  

As an articulation of a practical and cultural relation to materials in design, Manzini’s terminology 
explicitly evaded mere statement of technological possibilities. Likewise, we seek concepts that 
surpass the technological terms ‘smart’ and ‘computational’ to capture the merit of these materials 
from an aesthetic and experiential perspective. Following a similar logic, other relevant terms have 
been proposed. For example, ‘transmaterial’ is the title of a material catalogue and refers to the 
transformational qualities of new materials and (Brownell 2006, 2008), and ‘transitive materials’ 
refers to “the transient qualities of smart composite and computational materials” (Coelho et al. 2007, 
p. 1). While these terms capture the transformational and transient potential of new materials, they do 
not capture the explicit context-dependence of the transformations that take place – an aspect that is 
highly relevant for designers in order to incorporate these materials into design practice. Instead, we 
propose an articulation evoking a constant state of becoming – the transformation of material 
expression resulting from continuous negotiation with, and within, a given context.  

Following Manzini, we argue that new materials require us to develop new concepts to support ways 
of conceptualizing, describing, and working with materials in design. Unlike Manzini, however, we 
do not think that this implies an even further shift to language as the primary mode of communicating 
these possibilities. Indeed, sensory and tactile qualities, grounded in physical experience, embodied 
practice, and socio-cultural significance remain central for relating to the potential expressions and 
applications of new materials for design (cf., Beylerian and Dent 2005; de Ruiter et al. 2005; Ritter 
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2007). Indeed, a sense of materiality in language – texture, strength, and appearance, for example – 
can still only be conveyed through abstract descriptions if these refer to qualities of experienced 
materials. However, nor do we believe that an entirely experiential foundation will enable designers 
to comprehend and make use of these new materials.  

In light of the technical and aesthetic complexities of these materials, we argue for a combination of 
new terms and concepts, practical experience, and (inter)active experimentation with becoming 
materials in design. The notion of becoming materials is not only an attempt to describe something 
that already exists but also, importantly, a way of pointing to potentials currently not realized. It is 
therefore to be understood not only as a descriptive definition, but as a starting point, or axiom, for a 
design program (cf., Binder and Redström 2006), as our primary interest lies not in the history of 
material science, but in the development and expansion of contemporary design practice. 

3 BECOMING MATERIALS 

The notion of becoming materials extends and builds on previous concepts of being and doing 
materials, as well as on wider conceptual movements in contemporary design and philosophy. On 
one hand, the term singles out the unique characteristics of these new materials, indicating the 
potential for context-dependent change immanent within the material itself. On the other hand, it is 
precisely this context-dependency that requires sensitivity to the dynamic relations of the material 
with its surroundings, including a range of external climate, environmental, and human factors. The 
term is employed to indicate both the material attribute of changeability within a given context and 
the continuous negotiation of the material expression directly or indirectly with the contextual factors 
in which it come to be. Thus, we relate both to the physical and practical concerns of designing with 
these new materials and also expand beyond the material practice to conceptualize the particularly 
contextual and potential aspects inherent in these materials. While framing these materials in a way 
that allows us to engage, practically, in developing and designing these materials, we also 
acknowledge an open-endedness of the designed expressions beyond and after.  

All materials, of course, can be said to become in some way. Wood, for instance, swells and 
contracts in relation to humidity in its surroundings, and steel appears differently depending on the 
intensity and angle of light. Indeed, any material can be described in terms of being, doing, and 
becoming. Some materials, however, possess properties and behaviors that are best – or perhaps 
uniquely – characterized by one of these aspects. We argue that smart and computational materials, 
and their complex contextual (inter)dependencies, cannot be reduced merely to the terms of being or 
doing. Instead, they must be understood (in practice and in theory) as constantly in movement – 
changing and evolving in relation to factors both internal and external to the material, including those 
programmed in advance and those determined long after in contexts of use. To put it in other words, 
the properties and potentialities of these materials simply cannot be captured by or reduced to the 
terms conventionally found in materials catalogs and handbooks (cf., Beylerian and Dent 2005; de 
Ruiter et al. 2005).  Focused on the material itself, such terms typically denote context only as a 
generic, static, and limited set of factors. Becoming materials, in contrast, can best be understood and 
described in terms of change in expression, in context, over time. 

The context in which these becoming materials take part and are sensitive towards may include 
climatic factors, such as temperature and humidity, environmental factors, such as sound and 
lighting, and human factors, such as direct input by users or indirect effects of user modulation of 
climatic and environmental factors. In addition, as such materials may also be integrated into larger 
systems through network technologies, context may be conditioned by other spatial or temporal 
constraints, since influential factors may originate in another place or point in time and, yet, still 
impact upon the here and now. Climate and environmental factors can have a much more diverse 
range of effects on becoming materials than ordinary patina, and human factors can affect more than 
normal wear-and-tear. As people engage directly or indirectly in activities that affect the contextual 
parameters to which the material is sensitive, they take part in the dynamics of the material 
becoming. This indicates an overlap between the concerns of material development and those of 
design – concerns related to use and to aesthetics – which will be discussed in the rest of this paper.  
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3.1 Becoming in use 

The practical implications of becoming pose new design challenges. The performances and 
expressions of becoming materials depend upon context – and, thus, upon use and users in many 
possible future applications and situations. Users, in turn, may vary their actions and behaviors in 
reaction to the qualities and dynamics of material expressions. This give-and-take of cause-and-effect 
unfolds as a complex interplay among material, climate, environmental, and human factors. The 
dynamic is explicitly temporal – for example, it might take place as a negotiation with climactic 
fluctuations, daily and seasonal cycles, social practices, and behavioral patterns. A negotiation also 
implies that the material is capable of sensing and responding to a variety of dynamics. The context-
dependence of the material must, therefore, be anticipated in advance of future users and use 
contexts, since its ability to respond is determined by choices of and combinations among material 
parameters within the computational program originally integrated within a composite. Thus, design 
issues and intentionality about future aesthetics and experiences of the material come into play early 
on in material development. 

The composition and performance of becoming materials, decided and designed in advance, might 
be seen as sort of ‘script’ that inevitably prescribes some possibilities for future use (cf., Akrich 1992; 
Redström 2006; Verbeek and Slob 2006; Mazé 2007). This script presumes a range of possible 
expressions that might arise as the material comes to be in future contexts and conditions – which, in 
turn, prescribes certain perceptions, reactions, and activities in use. Necessarily determined early in 
the materials development process, this script also entails a certain lack of direct control over how the 
expressions play out. Design intent is involved early on and actual use will have a substantial impact 
long after. The expressions of becoming materials must be, quite explicitly, left up to uses in contexts 
that are still unknown and often unpredictable within material development and design.  

Nonetheless, despite this asymmetry between design intent and actual use, there is an increasing 
overlap between the design of materials and the design of applications for such materials, just as 
there is an increasing overlap between the functionality of materials and that of products. To the 
extent that applications are designed to anticipate use and users, there is an overlap between the 
concerns of material science, computing science, design disciplines, and the social sciences. 
Becoming materials require consideration of factors outside their basic internal composition, since 
they produce a range of effects at the scale of the wider built environment and social activity.   

3.2 Becoming and design 

As the practical and conceptual concerns of becoming materials overlap with those of other design 
disciplines, our notion of becoming also relates to wider developments in design discourse and 
practice. While art and architecture during modernism tended to reify the notion of an essential, 
ideal, or archetypical material expression, the avant-garde experimented with relativity and vitalism, 
and postmodernists with cybernetics, metabolics, and parametrics to approach material, technical, 
and social complexity (Kwinter 2001). Neither form nor material are conceived as static, or even as 
stable and fixed – design might also include “objects that – rather than being solidly located in space 
– tend to flow through time,” as Manzini argues (1989, p. 26).  

Contemporary design discourse and practice is deeply influenced by post-structuralist thinking in 
philosophy and the social sciences. Becoming, in a philosophical sense, incorporates aspects of 
open-ended evolution and emergence as well as an inevitable indeterminacy over future 
eventualities. Generally, it refers to processes of change and transformation that characterize 
everything from basic matter and energy to living organisms and cultures. In his critique of the static 
and timeless picture of reality described in classical physics, and the rigid determinism implied, Gilles 
Deleuze (1994) introduces the term to describe the open-ended becoming of the world (see also 
Deleuze and Guattari 1988; DeLanda 1999). Unlike theories of essentialism, in which matter is 
viewed as an inert receptacle for forms that come from the outside (transcendental essences), matter 
in neo-realist/materialist theories is seen as possessing immanent resources for the generation of form 
from within. Matter becomes an active material agent, one that does not need form to come from the 
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outside and impose itself on a static conception of ‘what is’ (or, in the terms of this paper, on being 
materials).  

From fields as diverse as architecture, media, and craft, contemporary practitioners are investigating 
dynamic, performative, relational, and emergent aspects of form and material (for a range of 
examples, see Mori 2002; Mazé 2007). Instead of a “building as a fixed entity or a given stable object 
(which is the standard notion of building today),” Elizabeth Grosz (2001) argues for an architectural 
theory that recognizes that “a building is made up of other spaces within it that move and change.” In 
such terms, material forms are conceived in continuous formation, as design programs and practices 
of use interact at different spatial and temporal scales. Further, noting that “after it is built, structure is 
still not a fixed entity. It moves and changes, depending on how it is used,” (Grosz 2001, p. 7), she 
poses a new set of questions: “What sorts of metamorphoses does structure undergo when it’s already 
there? What sorts of becomings can it engender?” In line with such developments in theory and 
practice, our notion of becoming materials concerns technical and aesthetic aspects, natural and 
human factors, and the complexity of interactions happening between and evolving over time. 

4 EXAMPLES 

As mentioned above, there have been numerous and diverse examples of materials that explore 
aspects of becoming. For instance, there are materials that can be described as ‘smart’ or ‘interactive’ 
in technical terms, but that also demonstrate aspects of becoming when considered in use. Although 
not continuously changing in a physical sense, these materials only become as intended by design 
over time, and, thus, are dependent upon context and use in ways that relate to notions of becoming. 
As such, they can be considered as early examples of what working with material becoming could be 
like. Below are two examples from our own practice-led research, which can be seen as illustrations 
of how we began to explore notions of material becoming.  

4.1 PLANKS 

PLANKS (Vallgårda 2008) are computational extensions of plywood. A computational layer is 
substituted for one layer of ply, and the adhesive layer between is replaced by a transducer that 
translates the computations into physical expressions of the wood (here, in shape of a motor, see 
Figure 1). In response to sound above a certain volume in the local context, the PLANKS gradually 
bend outward and, as long as the sound continues, they either keep bending or maintain a maximum 
bent state. When there is less sonic activity, the PLANKS gradually return to their original, straight 
position. If, for instance, the PLANKS were to cover the walls of a room, the room itself would 
literally become smaller as a result of the environmental or human factors in the room that produce 
noise. In contrast, if there is silence, the PLANKS could amplify the experience or sensation of anyone 
present through expanding the space. This demonstrates how material performance can have a direct 
effect upon the spatial perception and embodied experience of users in context and, consequently, 
may produce further reactions among users and affect the further activities that take place. A 
continual feedback loop of action-reaction might be created, which points to a kind of continuous 
negotiation of material expressions with, and within, a given context. 

Not intended for production, the PLANKS were made to experiment with the aesthetics of 
computational composites. The particular choice and form of interaction is not found in the natural 
vocabulary of material properties but, instead, play on the synaesthetic effect of sound transformed 
into spatial contraction and of sound waves amplified as visual and physical ripples in the wood.  
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Figure 1 Left: Nine PLANKS in action. Right: (top) an embedded microphone; (middle) the motors, and (bottom) the 
electronics and mechanics binding the composite together. © 2009 Anna Vallgårda. Reproduced with permission of the 
copyright holder. 

4.2 Energy Curtain 

To illustrate how material becoming hinges upon interaction within context of use, consider another 
example. The Energy Curtain (Backlund et al. 2006) was sparked by an investigation into how smart 
textiles and ubiquitous computing artifacts might power and recharge themselves. The front side of 
the curtain is a fabric woven with fiber optic threads, and solar cells cover the back (see Figure 2). 
The solar cells are connected to a battery that, when charged, provides power to a row of LEDs that 
send light through the fiber optics. It functions as any ordinary curtain but has the supplemental 
function of providing an ambient light source at night. The curtain has been designed to depend 
explicitly upon context and use – the curtain must be drawn shut during the day to be able to collect 
sunlight, and there must be sufficient sunlight for the batteries to be charged. The supplemental 
function depends on active and ongoing use – it prescribes a certain physical gesture and habitual 
activity in order to effect an aesthetic and functional transformation of the context. The function 
programmed into the material literally requires a reciprocal program of use.  

Studies of the Energy Curtain within different households in Finland as the winter turned to spring 
exposed how the curtain’s direct expression of (lack of) sunlight altered people’s perceptions and 
actions, increasing sensitivity to the seasons and prompting certain experiments to cheat nature 
(Routarinne and Redstro ̈m 2007). Further, this interplay involved additional artifacts and activities that 
take place or change over time within a context – for example, the curtain caused some households 
to reconsider natural and artificial light sources, prompting rearrangement of furniture, alterations in 
the function of a room, and new routines. This points to the effects that designed scripts of becoming 
might have upon use, illustrating the increasing overlap between the concerns of materials 
development, interaction design, even user behavior and sustainable design.  
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Figure 2 The images of the Energy Curtain depict collection of sunlight during the day and display of stored light at night. 
Left © 2004-7 Interactive Institute's Static! project team. Right: © 2007 Carl Dahlstedt and the Interactive Institute's Static! 
project team. Both reproduced with permission of the copyright holders. 

5 NEW MATERIAL PRACTICES 

Technical and theoretical developments relevant to the notion of becoming materials have important 
implications for aesthetic and functional possibilities and, hence, for the material practice of design. 
The anticipation of use and context, and the design of interdependencies and interactions between, 
constitute an increased overlap between materials and their applications. While Manzini (1989) 
argued for a shift towards a linguistic approach to design as the material possibilities exploded with 
the development of functional or doing materials, we propose a combination of language and 
experimentation to approach the complexity of smart and computational materials. In this paper, this 
is evident in, on one hand, the elaboration of relevant terms and theories and, on the other, the 
discussion of relations to our design examples. This points to further and future potentials of doing 
and studying the design of becoming materials, which we have also begun to explore.  

Instead of the modernist tenet ‘truth to materials’, in which an ideal expression of concrete or 
plywood might be achieved, our approach to practice-led research is aligned with contemporary 
design practitioners who are developing new working methods and techniques for investigating 
emergent and unexpected aesthetic and functional effects. Toshiko Mori articulates: “As new 
materials are invented and technological advances made, architectural practice has moved from 
working within the limits of static materials to transforming them into dynamic elements by 
combining, laminating, casting, and weaving” (Mori 2002, p. xiv).  

There are, however, certain challenges to developing becoming materials in practice. For one thing, 
the performances particular to these materials can occur at microscopic scales and processing speeds 
far beyond the threshold of ordinary human perception. This suggests a need for experimental 
methods enabling designers to explore possible aesthetic and functional expressions in real-time and 
at human-scale – after all, it is experience at this scale of space-time that constitutes the context in 
which the materials would eventually be applied and used.  



 9 

Further, we might consider intersections with established material practices of architecture, art, and 
design – such as a renewed role for the design studio and workshop, which are sites undergoing a 
wider revaluation as a model for a particular type of embodied and material production of knowledge 
relevant to practices of inquiry in a range of other domains and disciplines, including science (Salama 
and Wilkinson 2007). However, we must also, in addition, consider materials ‘in the field’ – in 
locations and situations in which aspects of becoming emerge in use and are sustained by users.  

In response to these issues – technical as well as aesthetic and contextual – we have been applying 
and developing experimental design methods. Through a series of practice-led design research 
programs, exemplified by the PLANKS and Energy Curtain presented above, we have developed ways 
of experimenting with certain material expressions in use and over time, as a basis for experiencing 
and building a common understanding of the possibilities for context-dependent temporal form 
(Redström et al. 2005). In many ways, our research has developed in response to the increasingly 
designed nature of the emerging high-tech materials, and the challenge of developing forms of 
material practice grounded in our sensory, practical, and cultural experience of design (Allen 1999). 

Our approach is based on real-scale but low-tech and low-fidelity versions of materials. Typically, 
these are produced in multi-disciplinary teams relating to varied concerns spanning material 
development, design application, and human factors. Experimental design, involving prototypes and 
interventions, enables us to probe into potential contexts of future use and to stage discussions with 
potential users while the development process is still in a stage when it can benefit from such 
influence. The material samples that we develop and work with are meant to explore aspects of the 
potential or eventual expressiveness of the material, to open up a design space for understanding the 
consequences of a particular material for design and for use. The samples themselves might be further 
developed or applied but, more importantly, they are a basis for communicating ideas and 
experiences as well as technological possibilities within a multi-disciplinary team and with potential 
users. Prototypical samples help us investigate aspects of material practices of design and of use, 
which are difficult or impossible to communicate through language alone.  

To be able to create such materials, however, we sacrifice technical precision to a certain extent. In 
developing computational composites, for instance, we might compromise the detailed technical 
crafting of mechanical or electronic components so that we can more rapidly prototype and thus 
explore how the whole might be experienced at the scale and in the time of human perception. Of 
course, some of the low-fidelity characteristics of the material also translates into how we experience 
the material – it may not quite live up to what we would expect of the final design – but such material 
samples nonetheless provide a valuable basis for design experimentation and intervention into 
contexts of use. This is not intended as an alternative to, or replacement for, more traditional modes 
of materials and technology development. This is a complementary approach that shifts the focus 
from the technical components to a more holistic understanding of the aesthetic and use experience 
of materials early on in the development process. Below, we describe a further experiment in detail. 

6 EXAMPLE: TELLTALE 

Telltale is a piece of furniture that collects traces of energy habits. Connected remotely to a 
household’s electricity meter, the object responds to increases or decreases in energy consumption. 
Increases cause the object to become less robust and vice versa – as the object is used in more 
weakened states, the surface becomes more prone to fading, flaking, crackling, or wrinkling, such 
that repeated energy (mis)use leave traces on its surface. 

Inspired by some current approaches to treating dependence on energy in terms of addiction, the 
Telltale concept relates to the psychological theory of ‘transitional objects’ that accompany people 
from one stage in life to another (Attfield 2000). As a kind of transitional object rather than a privately 
owned consumer product, it travels from household to household. Staying for some time in each, it 
communicates locally, to its immediate users, but also carries traces of those that came before, 
introducing an awareness of others’ energy transitions and an experience of the cumulative effect of 
local actions. The unique aesthetic of Telltale is evolved as a joint product of energy consumption 
and daily use; the length of its lifespan is dependent upon personal histories and collective effort.  
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Material expressions 
As we developed the material expression of Telltale, our intention was to reflect the character of a 
transitional object, including an expression of transformation, aging, and ephemerality built up over 
the long-term within the material culture of family life across multiple homes. We also wanted to 
express more immediate and short-term patterns of energy consumption within a particular 
household. Thus, the materials in Telltale have two context-dependent temporal forms. The first is 
deliberately slow, intended to build up as a visual pattern of a strangely familiar material through 
ordinary wear-and-tear – over time, this pattern grows in a way that is slightly organic or even 
geographic in appearance, in a second color revealed within the material that gives the object an 
overall appearance less of disintegration than of transformation. The second is a more immediate 
response to daily energy use. It is expressed as a change in mechanical properties that give Telltale its 
more (or less) stable structure as a piece of furniture and, thereby, its functionality for everyday 
activities such as sitting. 

 

Figure 3 Images from material experiments for Telltale. By applying a fragile layer within the composite or an added 
surface treatment, we explored a range of materials expressions at different points in a process of wear-and-tear. © 2008 
Interactive Institute's Switch! project team. Reproduced with permission of the copyright holder. 

To understand and design the expression of these two temporal forms, we made a range of material 
samples that were capable of changing back and forth between one shape and another, as well as 
degrading in certain ways as an effect of use over time (see Figure 3). The final design might be based 
on new materials – for example, bi-component fibers combining durable and disintegrating 
components in a composite with dynamic and programmable structural components enabling a 
shape that might be minutely controlled. However, before we could make the necessary and essential 
design decisions for such a design, we wanted to start by experimenting with what such a material 
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might be like over time, in multiple contexts, and in different situations of use. A real-scale and low-
fidelity prototype using relatively simple techniques such as layered materials, various surface 
treatments, and underlying structural elements was important to facilitate design experimentation 
rapidly and early on (see Figure 4). 

 

Figure 4 Images from experimenting with a full-scale prototype of Telltale made of cotton and wood glue. © 2008 
Interactive Institute's Switch! project team. Reproduced with permission of the copyright holder. 

The initial samples made for Telltale allowed us to experiment with change in expression of the 
various materials, some of which would be able to change back to an original state or switch 
between different states, while others would be aggregate, permanent, and irreversible. More than 
twenty samples were created, each of approximately the same size, but with very different materials 
and structures as well as different types and durations of surface treatments applied, which had an 
effect on how brittle, durable, and bonded the composite would become after setting and drying. 
Exposing the samples to various abrasions, we were able to anticipate the physical impacts and 
processes that the material might undergo in future contexts. From the results of this experiment, the 
team was able to collectively make assessments and initial selections about the desired visual and 
textural expressions.  

We also realized that the material expression would be dependant upon the construction and 
orientation of the furniture object – for example, aspects of wear-and-tear would appear differently 
where the object had been sat upon and where three material surfaces were joined at each of the four 
corners. In order to explore these variables, we constructed a full-scale, three-dimensional sheath out 
of one of the more promising techniques from the materials samples. Although the sheath did not 
have a mechanical structure able to support body weight, we were still able to simulate the effects of 
abrasions on the object made in relation to the size, gestures, and position of the human body. On 
the basis of these two experiments, we gained a sense of the scope of expressions and adjusted the 
material composition and performance criteria, as well as considering variables of scale in use and 
the speed of material deformation on different parts of the object. 
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Experiential prototype 
The material expressions of Telltale, however, would obviously be dependent upon context and use 
outside our research studio and materials workshop. Thus, our next step was to build a more robust 
and full-scale prototype that could be deployed into one or more households for short periods of 
time. Our intention was to gain a better understanding not only of the patterns and structure of 
possible Telltale expressions but of the effects on use and users. Studying the prototype in context 
might also provide valuable indications of how individuals and families might perceive and interpret 
the material expressions, how they might react and adjust their use of the object or their energy 
consumption in response, and how becoming materials might change the conversations and 
interactions among family members.  

Based on our knowledge of advanced and high-technology materials, we sketched out different low-
tech versions of an internal structure that might simulate possible mechanical and computational 
performances. For example, one projection was based on a material that would rise and fall in 
discrete, geometric sections and another was based on a more continuous and fluid inflation and 
collapse. Rough prototypes were made in three dimensions at a small and then a full scale, borrowing 
on Buckminster Fuller’s principle of ‘tensegrity’ (Motro 2006) (see Figure 5). 

 

Figure 5 Above: Images of the Telltale tensegrity construction with an in/de-flatable inside. Below: Telltale in use. © 2008 
Interactive Institute's Switch! project team. Reproduced with permission of the copyright holder. 

The Telltale prototype is a composite – while the materials are not intended to be the final technical 
or material solution, the layered construction does represent certain properties that would continue to 
be essential to future versions, including visual pattern (two and three dimensions of the sheath), 
geometry of the shape (currently accomplished through reinforced seams and edges) and 
in/destability of form (currently accomplished through a combination of airtight materials and 
mechanism for in/deflation). Potentially, a single composite material or a more integrated 
construction of composites might accomplish this. Furthermore, Telltale would also contain the 
capacity for remote sensing, processing, and time-based actuation of data from the electricity meter. 

Study in context 
Understanding the temporal dynamics of becoming materials in use and in context raises new 
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challenges for how we study the unfolding of not only of material expressions, but of social material 
experiences. Relevant study methods might rely upon a questionnaire to trigger cognitive responses 
or a usability test to explore product functions and the problems that arise with use. Instead, we 
sought to explore the social behavior that unfolded around Telltale and around occasions in which 
we brought Telltale into focus through inquiry (see Figure 5). 

We turned to performative ethnography (cf., Halse and Clark 2008) because of its attempt to shift 
from a realist notion of people out there to be studied independent of the researcher’s agenda, to 
viewing participants as constantly “in the making” and emerging just as much out of the researcher 
and stakeholder agendas, as the everyday practices of research participants. We looked at how the 
artifact combined with our inquiry creates a forum for original social performances. This is related to 
how Fabian (1990) articulated the changing role of researcher in dynamic social inquiry. 

Performances, on the one hand, although they can be asked for, are not really responses to 
questions. The ethnographer's role, then, is no longer that of a questioner; he or she is but a 
provider of occasions, a catalyst in the weakest sense, and a producer (in the analogy of a 
theatrical producer) in the strongest. (Fabian 1990, p. 7) 

We conducted an informal study of two households within a single apartment in Sweden:  

Week 1. A family of four borrows an apartment for one week while visiting Sweden from the 
United States.  

Week 2. A married couple who own the apartment return after a holiday.  

When the owners vacated their apartment for ten days of holiday, we installed Telltale before the 
guests arrived. For the visitors, Telltale was merely one of many foreign pieces of furniture and 
appliances in the apartment. When the owners returned from holiday, the used piece of furniture was 
a new addition to the home they had left.  

To conduct the experiment, we refined the prototype and defined a series of manual adjustments to 
its shape on a periodic basis to reflect data output from the household electricity meter. Monitoring 
energy consumption in the apartment before, during, and after Telltale use by the two families, the 
researcher opportunistically entered the apartment and deflated and inflated the object to spur 
reaction.  

The inquiry involved two sit-down interviews with the family, periodic observations, and casual 
conversations. We made four form adjustments to Telltale during the family stay. The owners were 
interviewed once two days after their return. The inquiry focused just as much on how the 
participants interacted with other and negotiated their own, often incongruent, viewpoints, than 
merely reporting what each said and did. 

Overall, the Telltale inquiry provided an opportunity for the participants to: 

– Express and practice their understanding of energy consumption 
– Create links between behavior of artifact and behavior of people 
– Express and reinforce aesthetic preferences 
– Educate each other about energy consumption 
– Opine and defend their own energy-related practices 
 
The study reinforced the interrelated nature of inquiry practice and context, the role of the 
ethnographer in research, along with the interrelationship of artifact and context. As the focus turns 
from static object to becoming materials, the fuzzy relationships between researcher and research 
object demand greater attention. Moving beyond the material tradition of objective studies, 
performative ethnography provides opportunities to explore relationships of the social, material, and 
contextual potentials of the designed. This begs the question – to what degree can we speak about the 
influence of an artifact without compromising the mutual constitution of artifact and context, in 
addition to researcher and research participants? 
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7 DISCUSSION 

The becoming-ness of the new materials opens new possibilities for design in terms of creating 
responsive and adaptable environments but, as we have argued, it also poses some significant 
challenges. These materials are not simply discovered (by science) but applied (by designers) – and 
they are not only shaped by, but also shape, use and users. This means that designers need to know 
the technical possibilities in order to build an understanding of the materials and their potential 
applications, as well as the potential experiences and behaviors effected by the materials in future 
use. Becoming materials’ technical complexity entails involvement from multiple disciplines (i.e., 
materials science, computer science, various branches of design, and the social sciences) for new 
materials to be developed and to anticipate climate, environmental, and human factors in potential 
contexts of use. The technical side, however, is complemented by equally complex aesthetic 
questions, requiring a heightened sensitivity towards social practices and material experiences that 
condition how such materials are perceived and occasion responses among users in context.  

While a development and design process oriented towards technical perfection moves forward by 
means of improving the properties of a material, a process oriented around aesthetics needs to 
explore potential expressions and experiences. In practice, this often entails a huge gap between the 
technical development process that, in the case of many new materials, operates at microscopic or 
even nano scales far below the threshold of human perception, and the design process concerned 
with high-level issues such as use, perception, and aesthetics. This creates a paradox for design – 
although we may want and need to work with the aesthetics of materials from the start of the 
development process, it is often not possible to work directly with the actual materials until the end. 

Because of these difficulties, it might be argued that design should wait until the actual technology is 
fully developed and available in order to avoid misconceptions that might arise from discrepancies 
between the prototyping techniques and the final technology. However, one consequence of such an 
argument would be that design would only ever be placed ‘downstream’ of science and technology, 
reacting to, rather than participating in and contributing to, materials development.  

This paradox for design with respect to new and becoming materials is analogous to problems in 
other areas of design that are close to technology development, such as interaction design. In fact, 
interaction designers have been active in transforming practice in order to deal with the need for 
interdisciplinary collaborative work as well as experimental prototyping processes. A repertoire of 
techniques has been developed in order to explore material expressions and use experiences long 
before the final technology is implemented or even decided. For example, paper-based and Wizard-
of-Oz prototypes suggest how an interface might behave or be used within various contexts (cf., Ehn 
and Kyng 1991; Buchenau and Suri 2000; Mazé and Bueno 2002; Dunne 2005). These can range 
from low- to high-tech, from low-fidelity mock-ups to highly-resolution models, from unique one-offs 
to limited production runs. In addition to the expanding range of techniques in interaction design, we 
can also identify related materials practices – for example, as architecture operates at the intersection 
of craft techniques and new technologies (Mori 2002; Runberger 2008).  

While, typically, arguments emphasizing material practices over language-based approaches to 
(artistic and design) research are attempts to articulate the experiential knowledge of the (often crafts) 
practitioner, our argument departs in some respects. Even as we see the benefits and necessity of 
building on established and existing materials traditions and techniques, we also argue for 
recognizing and making explicit emerging approaches to material practice today. Such approaches 
are a response to the particular challenges (as discussed, involving both technological and 
interdisciplinary aspects) of contemporary research and design development in the field. Indeed, the 
expanding range of concepts and methods within material practice is also a proactive engagement 
with a new scope of aesthetic expressions in art and design. Further developing a conceptual 
language as well as new forms of material practice can provide a basis for knowledge transfer and 
collaborative work between disciplines. 
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