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ABSTRACT
Computational composite is introduced as a new type of
composite material. Arguing that this is not just a metaphori-
cal maneuver, we provide an analysis of computational tech-
nology as material in design, which shows how computers
share important characteristics with other materials used in
design and architecture. We argue that the notion of compu-
tational composites provides a precise understanding of the
computer as material, and of how computations need to be
combined with other materials to come to expression as ma-
terial. Besides working as an analysis of computers from a
designer’s point of view, the notion of computational com-
posites may also provide a link for computer science and
human-computer interaction to an increasingly rapid devel-
opment and use of new materials in design and architecture.
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INTRODUCTION
Throughout the last centuries, industrial design and archi-
tecture have been influenced, challenged and transformed by
the development of new materials. The modernist design and
architecture that came out of exploring new materials such
as plywood, steel and reinforced concrete in the early 20th
century is just one example. More recently, technological
innovations such as smart materials and embedded computa-
tional resources have begun to influence design, in emerging
areas such as smart textiles and interactive architecture.

Interestingly, also the context for human-computer interac-
tion and interaction design is changing because of the avail-
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ability of such new materials. Areas such as ubiquitous
computing, augmented reality, and physical computing, have
made it evident that the personal computer is just one out of
many possible ways in which we can design how humans in-
teract with computers. Another illustration of this develop-
ment is the increasing integration of interaction design and
more general product design, i.e., how designing the interac-
tion with computers becomes part of what it means to design
products in general, be it in the shape of digital cameras, mo-
bile phones, or electronic toys.

Issues related to materials are quite central to design. To
shape the expressions and functions of their designs, design-
ers need to know about the materials at hand. Or as Ezio
Manzini states in the first sentence of his book The Mate-
rial of Invention: ”Every object made by man is the embodi-
ment of what is at once thinkable and possible.” Previously,
what were ’thinkable and possible’ were primarily linked to
the direct experience with materials and manufacturing tech-
niques; however, the contemporary invention of new materi-
als and technologies make such an approach practically im-
possible [19]. Language therefore becomes a crucial part of
a design process as a way to understand material and tech-
nological possibilities. The language of materials developed
within science and engineering, however, does not automat-
ically transfer into the realm of design. It needs to be appro-
priated to a design context where issues of expressiveness,
aesthetics, and product manufacturing are more important
than the technical properties.

Given the observation that knowledge of materials is essen-
tial to design practice and its development over time, some
intriguing questions surface: In what ways can we con-
sider computational technology as material? To what extent
would such an understanding be based on computer science,
and to what extent would new perspectives on this technol-
ogy have to be developed to address the perspectives and is-
sues designers deal with? How can we understand, and work
with, computational technology in relation to other materi-
als?

In what follows, we present an analysis of computers as ma-
terial in design. To illustrate that this is not just a matter of
metaphors, we discuss some central characteristics of mate-
rials and show how they also apply to computational tech-
nology. Further, to address issues related to misconceptions
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about computations being almost ’immaterial’ and thus not
really a material we can work with, we introduce the no-
tion of computational composites as a way of understanding
how computation comes to expression through an integra-
tion with other materials.

BACKGROUND
As discussed by Grudin already some 20 years ago [13], the
use of computers in general, and the notion of the human-
computer interface in particular, is constantly evolving ’out-
wards’. Certainly, an example of such outward motion, the
notion of Ubiquitous Computing now implies computers as
part of, and embedded in, most kinds of everyday things and
environments. The design of applications and interfaces has
evolved towards a closer relation to other design areas also
in terms of physical design. Approaches to interface design
such as ’Tangible User Interfaces’ can be said to point to
an increasing interest in the combination of traditional de-
sign materials–and in physical objects as such–and compu-
tational technology. This stresses aspects such as the rela-
tion between information and its concrete presence to the
user [29]. The development towards a closer relation be-
tween interface design and industrial product design, is quite
visible in this area, with the approach developed by Djaja-
diningrat et. al (2004) as one illustration [5].

Outside the realm of human-computer interaction and inter-
action design, related developments are taking place. The
use of computers in design is expanding beyond the use of
computer-based tools to support design work, to become
part of the designed things themselves. Textile designers
explore the use of dynamic patterns made possible through
’smart textiles’ instead of the static ones that traditional
printing techniques afford. Architects show an increasing
interest in the interactive properties of new technologies,
and perhaps especially in the possibilities to program dy-
namic structures–be it lighting, sound, climate control, or
surface expressions. Or just consider how communication
and graphics design merge with architecture through the use
of wall-sized displays on urban buildings running commer-
cials or dynamic billboard ads.

As interactive technologies find their way into new areas of
use, new intersections between areas of expertise are being
opened. Inspiring new forms of collaboration, such new in-
tersections often challenge the traditions and methodological
approaches for everyone involved. A task for the research
community is therefore to develop theoretical and method-
ological frameworks that can function as common language
and grounds. It is our hope that HCI/interaction design and
computer science will take an active role in developing these
new intersections, and that the notion of computational com-
posites could be a contribution to establishing such a com-
mon ground.

Computers and Materials
In examples such as the ones above, the boundaries between
what we could refer to as human-computer interaction and
other areas of design dealing with interactive technologies
and ’smart materials’ to some extent begin to dissolve. Cor-

respondingly, the notion of a computer–be it a ubiquitous
one–is not very illuminating, and instead we begin to use no-
tions such as interactive products [25], digital artifacts [18],
computational things [14], etc.

We propose that, as computational technology is no longer
just a tool, it could instead be seen as a material–a mate-
rial much like any other material we use to design things.
One of the first proponents of a similar perspective was Sey-
mour Papert: ”In this project, the students built devices for
measuring time using any materials they wished. Some used
string and a metal weight to make a pendulum, some used
plastic containers to dribble sand–and some used computers.
Our central focus is this use of the computer as just another
type of material.” [23] ”Just as pendulums, paints, clay, and
so forth, can be ”messed around with,” so can computers.
Many people associate computers with a rigid style of work,
but this need not be the case.” [23]

In another account of information technology as a material
in interaction design, Löwgren and Stolterman suggest that
it is a material without properties [17]. As a material with-
out properties hardly qualifies as a material, what they hint
at is that information technology seems to exist in-between
the material and the immaterial with properties so flexible it
almost can take on any form we want. Such a perspective,
however, makes it difficult to understand how this material
relates to other materials we use in design, as it almost seems
to exist in isolation on its own premises.

In the work of Hallnäs and Redström [14], computational
things are characterized by, on one hand, the temporal form
that stems from computational processes and on the other
hand the spatial form given to these processes by other ma-
terials with strong spatial form elements. A central example
is the combination of computations and textiles, in which the
dynamic properties of textiles are used to manifest temporal
structures generated by computational processes (cf. also
[27]). Here the computations comes to expression through
the textile and together they form a new type of material.
One suggestion, then, is that while computational technol-
ogy is material (as distinct from being immaterial), it cannot
really exist on its own in free form. To resolve its seemingly
strange existence in-between the material and the immate-
rial, and its dependence on other materials for its presence,
we propose thinking of it as a type of composite: that com-
putational technology is a material, which we have to com-
bine with other materials in order for it to become a material
we can use in design practice.

Before we go any further into what exactly a computational
composite is, we examine what composites generally are
made of–the materials.

WHAT IS A MATERIAL?
The general concept of material is an ill-defined one even
within material science. Generally, we can consider a mate-
rial as a physical substance that shows specific properties for
its kind. It can be understood as a substance with no specific
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form, which can be shaped and proportioned in volumes ac-
cording to needs.

Materials can be divided into various kinds of groups, which
exhibit similar reactions or properties. Examples of such
groups are metallic and non-metallic, natural or artificial,
brittle or ductile, translucent or opaque, and smart or ordi-
nary. However, the meaningfulness of a grouping depends
entirely on the point of view.

The Sliding Scale of Materials
There are a vast number of viewpoints from which one can
contemplate materials and none of them is discrete. The
scale of physical dimensions alone range from nanometers
(10−9 m) to kilometers, from molecules to steel wires [11].
Just as the state in which the material exists can vary from
vapor to fluid to solid depending on the environment in
which it is present.

Furthermore, the point of view changes with the purpose of
engaging with the material, which often is correlated with
the disciplinary background. Chemistry, physics, and engi-
neering (even biology and geology in some cases) investi-
gate and create materials per se, whereas for instance en-
gineers, architects, industrial designers, and craftsmen of
various kinds typically work with different applications of
materials. However, the distinction between the disciplines
is blurred and they often need to overlap for new materials
to reach a market or for a market to demand new materi-
als [11]. Thus, working with materials is inherently an inter-
disciplinary affair. Designers need to have an understanding
of a material to make use of it and material scientists need to
manage several levels of abstraction to study material prop-
erties in depth and to develop new useful ones. The follow-
ing description of material will therefore employ different
perspectives from different disciplines at different entries on
the physical scale, to address aspects relevant to an account
of computational composites.

Structure and Material
There is no clear distinction between what we would con-
sider a structure and what we would consider a material. To
some extent, it is a matter of how the material is approached.
At a molecular scale, every material is a structure as the
molecules form different kinds of patterns, such as: grids,
rings, and double helixes, structures that are held together
by various forms of energy. These structures are significant
for the properties the material exhibit. Thus, on one level of
abstraction every material can be seen as a structure.

Even at other levels of granularity can we find structural be-
havior in what we normally would be reluctant to call a ma-
terial. Wood, for example, comprises of a complex cellu-
lar structure, which resembles a collection of tiny drinking
straws held together by chemical bonds. Wood grows by ap-
plying a new layer of ’drinking straws’ right under the bark
every year as long as it is growing [11]. Another example is
a pile of brick which is clearly a structure, but cement, ma-
sonry and cast iron are considered materials even if they also
are stronger in compression than they are in tension for the

same reason: they are all full of cracks [11]. Thus, whether
something is a material or a structure largely depends on the
eye of the beholder.

Material Surfaces
Every material has a surface: an interface to the surround-
ings. It is typically the surface we encounter when we ex-
perience a material–its texture and color. The surface, how-
ever, can also play a significant role regarding the strength
of material. Glass, for instance, is a material which in the-
ory ought to be much stronger because of the strength of its
chemical bonds, but our everyday experience shows a dif-
ferent result [11]. This is because of an inherent tendency
in glass to cause tiny cracks in the surface. Cracks, which
in turn causes a redistribution of tension resulting in a more
fragile material than can be determined from the strength of
its chemical bonds. Glass fibers, on the hand, can be made
tremendously strong because it is easier to keep their surface
smooth [11].

A surface of a material is largely dependent on the state it is
in, whether a liquid or a solid substance. However, a surface
is rarely in a completely stable state. Environmental con-
ditions such as water, air, and sunlight, can cause oxidation
leading to corrosion in metals or dissolution leading to cor-
rosion of ceramics. Chemical reactions can cause the mate-
rials to change their properties, for instance their mechanical
strength, their color, or their texture. Sometime this change
is desired for aesthetic value, or even because the chemical
reactions function as glue between two materials, but more
often the surface needs to be treated to prevent alterations
and thereby enable predictability.

Material Properties
As stated in the beginning of the section, we can generally
view a material as a physical substance, which shows spe-
cific properties for its kind and which can be manipulated
into something specific. A key word here is property. Be-
sides availability and expense, properties are what make us
choose one material over another.

Every material has a set of properties, which again varies
based on the point of view. For a chemist, these are nor-
mally defined at a molecular level as to reflect potential
chemical reactions. For an architect, on the other hand, such
properties could include strength, optical properties, elec-
trical properties, thermal properties and insulation, acoustic
properties, deformations, deterioration, and appearance [7].
Thus, defining the properties of a given material is not just
a matter of properly describing the given material, but about
doing so with respect to a certain interest or perspective.

This relation between perspective and material properties is
one reason descriptions and frameworks developed in, say
computing science, does not automatically transfer into in-
teraction design, or from engineering into architecture. Even
if such frameworks are closely related and to some extent
overlap, they still need to take offset in their focal point of
interests to reflect the concerns at hand.
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Composite Materials
Combining two or more materials in composites is a way ei-
ther to enhance a specific property or to introduce new com-
binations of properties in a material. This is often done with
respect to strength, stiffness or toughness, but can also be
done with respect to appearance, optical properties etc. [2].
A composite designed to improve material strength is usu-
ally made from a matrix and a fiber, where the three most
common matrix types are polymer, metal and ceramic and
fibers are usually made from ceramic such as glass or car-
bon, but can also be others kinds [16].

The properties of the individual constituents can give a clue
about the properties of the composite. It is, however, com-
plicated to predict the actual properties of a composite as its
structure, e.g., the direction and shape of the fibers, and the
interface between the constituents, will affect the result [16].
For instance, is anisotropy common for composite materi-
als, meaning that they show differences in strength when
measured in different directions–like an egg. As for the in-
terface between the constituents, various chemical reactions
can happen, which may affect the general properties. The ex-
act constituents, the structure and the fabrication process to
create a composite material are therefore often chosen with
a specific application in mind [16].

One example of a composite material–or more correctly an
alloy–is aluminum. Aluminum is refined from the naturally
occurring bauxite to a state called pig-aluminum [6]. Al-
though aluminum at this state has properties such as corro-
sion resistance and its light weight, it is a weak and seem-
ingly useless material. Only through alloys with other metals
does it receive the strength and flexible form it is commonly
known for [6].

Material and Product
The distinction between a product and a material is also
blurred: what can be a product to the material engineer might
be a material to the designer. This is especially true when it
comes to the highly engineered composite materials that en-
ter today’s market, such as glazing with integral sun control
louvers or self-cleaning clay tiles [2]. Generally, however,
for something to be considered a material, at some state at
least, it must make sense to talk about shaping a chosen vol-
ume of it into something new–to create a new intent with
it. To make a roof with the self-cleaning tile or to create a
glass facade with the special glazing that allow for a seam-
less light control system. Therefore, even if the distinction
between products and materials also is a question of view-
point, not all products are materials.

This short introduction serves as the background on which
we now wish to introduce the idea of computers as material
in design.

COMPUTERS AS MATERIAL
Perceiving computers as a material is, as we said, more
than a metaphorical maneuver. It is a question of accepting
their similar characteristics as significant enough to hereafter
work with the computer in the same manner we work with

materials like aluminum or glass. This section will point to
parallels between computers and other materials regarding
their substance, their structure, their surface, and their com-
plex states of being.

The Substance of Computers
The common reference to computational technology as ’in-
formation’ technology holds connotations of it being some-
thing that deals with representations, signs, and meanings.
This understanding has led to the perception that computers
are more than electrified machines. On the level of abstrac-
tion on which we wish to encounter the computer, it does
not deal with representations. Computational technology at
this granularity handles only voltage according to stored se-
quences of (practically) discrete voltage levels and maybe
input streams likewise of (practically) discrete voltage lev-
els. They are, however, often called algorithms and data
respectively. Every program has a physical manifestation
when it enters the computer, even if the input device has
representational keys that the programmer push to enter the
program into the computer, a translation of the push of each
key into voltage happens before it enters the computer.

Other labels commonly used when talking about computa-
tional technology are software and hardware, where soft-
ware refers to programs that the computer executes, and
hardware refers to the computer per se. This distinction
tends to cause some confusion as software holds the mean-
ing of both the abstract representation of a program, whether
in binaries or in a higher level programming language, and
the program in its physical manifestation, whether stored or
in execution. The point of this is that both software and hard-
ware are physical and can be manipulated as such, and that
computers therefore can be seen as a substance albeit a rather
complex one.

Furthermore, when working with substances it is meaning-
ful to talk about dimensions; to have more of a computer
means to have more processing power. That it is capable of
treating more instructions per clock cycle than a less capa-
ble computer. A computer, however, is a device in the sense
that it cannot physically be cut in half and still exist as a
computer. Thus, where a traditional material’s threshold for
being diminished lies at the point where the molecular struc-
ture would no longer exist as a structure or where the fibers
(e.g. in wood and textile)are no longer fibers, the threshold
for the computer is where its structure needs to be intact. The
computer’s threshold, therefore, lies at a much higher point
on the physical scale.

The Structure of Computers
Underneath the view of a computer as a substance, we find,
as was the case with other materials, a complicated structure
containing several different elements all which plays a sig-
nificant role in the computational process. At one level of
the physical scale these can be listed as a central process-
ing unit (CPU), memory, buses and input and output devices
(I/O devices). At a lower level, we would include the arith-
metic logic unit (ALU), the registers, the central circuit, the
clock etc. and at even finer granularity, the individual dig-
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ital circuits would be revealed. As with other materials the
structure of the components is important for the overall prop-
erties of the computer. Another resemblance here is the role
of energy in the structure. The state of computers can be
found by examining the levels of voltage in the circuits and
in a sense computers would not be computers if it were not
for the voltage to constitute the processes. This is analo-
gous to how energy in other materials holds the molecules
together as a structure and thereby constitutes them as ma-
terials. With this comparison, we leave the structural view
of the computer and instead we focus on the computer as a
material.

The Surface of Computers
A computer’s surface is the interface to the streams of dis-
crete voltage levels, which exist within the input and out-
put devices. The input device allows an exterior to provide
new sequences of voltage levels, which can take the form of
either data or algorithms, just as an output device delivers
sequences of discrete voltage levels that can be interpreted
as the result of computations. However, as the surface lies
within the devices and not on either side we need to examine
the devices more carefully.

Let us take the keyboard as a common example of an input
device. The interface to the computer lies not in the keys
per se, but in the discrete voltage levels resulting from an in-
terpretation of the push of a specific key. Often, a keyboard
is designed to enable a variety of different languages by en-
abling different encodings of every key. This is done within
the computer, and the change is usually not visible on the
keyboard itself. The interpretation of a key does not change,
however, if the key changes color, form, or texture. Thus,
we can find the surface of the computer exactly where we
start to deal with discrete voltage levels. The same is true
for the output device. Therefore, it becomes apparent that
the surface of the computer needs to be coupled with other
materials for us to better control what will happen with the
computations. To directly insert meaningful sequences of
discrete voltage levels is practically impossible for humans
to accomplish.

If the input and output streams constitute the surface of the
material then the input stream can be seen as the rear side and
the output as the front. Even if they seem equal, they serve
completely different purposes; where the output stream is
the expressive side of the material, the input stream is the
possibility of moderating the expression. An alternative
would be to understand the computer as a self-contained sys-
tem without an input or output as known from theory of com-
putable functions of the original Turing machine [10, 20].
However, such view leaves out the possibility of interaction
and thus the ability to change the result of ongoing compu-
tational processes. In other words, this would make it less
relevant as a material for design and thus for this endeavor.

The Properties of Computers
At one level of abstraction, the property of a computer can
be seen as the computations (at a lover level it is a matter
of strict causal processes treating sequences of discrete volt-

age levels which then can be interpreted as computations).
A property that is completely different from that of other
materials, but a property no less. The computations allow
for conditioned changes of whatever the output devices are
combined with–pixels on a screen, shape of a wall, or pat-
terns on a floor. However, in its raw form it holds only this
abstract ability to compute, there are no mechanical proper-
ties of strength or stiffness to back it up, nor any acoustic,
aesthetic or optical properties to speak of.

The strict causal process which constitutes the computa-
tions happens in a circuit board; however small and however
shaped. The properties of a computer can therefore be com-
pared with those of aluminum in its raw form, both holds
potential for interesting and useful properties and both needs
to undergo a treatment for the potential to be fulfilled. The
computer needs to be combined to other materials for the
computations to have an impact; thus we arrive at the notion
of computational composites.

COMPUTATIONAL COMPOSITES
In the last section, we argued that a computer is a material,
but also that its computational property, in its raw form, is
difficult (if not impossible) to exploit. The conclusion was
that the computer needed to be part of a composite with other
materials to become useful in design. In this section, we
will explore how the computations can come to use through
different types of composites.

Composites are made to enhance specific properties or to
introduce new properties by combining certain materials in
certain ways. With computational composites, it is primar-
ily a question of introducing new combinations of proper-
ties; namely, to introduce the ability of digital computations
together with tensile properties, optical properties, electrical
properties, thermal properties and insulation, acoustic prop-
erties, deformations, deterioration, appearance and so forth.

The Property of Computational Composites
Computations in this situation mean that events can hap-
pen conditioned by a set of data and an algorithm. Thus,
it enables the other parts of the composite to behave beyond
their otherwise normal behavior. Expressed more precisely,
a computational composite can exist in a number of states
(e.g. colors, shapes, or positions). Whenever a set of condi-
tions is met, a transition towards a new state is begun. The
conditions and their fulfillment are controlled or computed
in one of three ways:

1. With both algorithm(s) and data set predetermined.

2. With only the algorithm(s) predetermined, and the data set
collected dynamically.

3. With a predetermined offset of conditions that changes
dynamically, for instance based on a dynamically col-
lected set of data.

An algorithm or a data set can also express approximated
randomness and thus create a seemingly chaotic behavior in
the composite when that is desired.
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The computations enable not just flexibility and change in
the material expression, but they enable controlled transi-
tions between states in the composite material. The con-
trol, the transitions and the states are the key aspects to take
into considerations when composing a computational com-
posite. The type of design choices to be made on all three
accounts entails that it often will be necessary to compose
computational composites with a specific purpose in mind,
just as is true for other material composites. The control it-
self, for instance, must be a meticulously designed as a series
of controlled transitions between states inside the computer
of which only few become output and thus result in transi-
tions between states in the composite material.

The Structure of Computational Composites
To honor the possibilities of computations, the composite
need to be able to make the transitions as well as to stay
in the chosen states. Thus, not only must the controls be
carefully designed, but the rest of the composite must also
match the controls. To assist the analysis of the structure of
computational composites we now introduce two metaphors
for the surface of the material: the front and the rear.

The front of the computational composite needs to be de-
signed such that a computed result (the output) translates to
a transition towards a new state in the composite. In dual
or multiple state materials, such as shape memory alloys,
nickel chromium wires, or liquid crystal displays, this can be
done simply by letting the computations control the flow of
electrical current, i.e. making electrical current function as
’glue’ between the elements. Materials with only one state
of being, such as steel or concrete, need more than electri-
cal current to honor the possibilities of the computations.
Single state materials can exploit the computations only by
being in a structure with an additional actuator (e.g. a motor,
or heat sensitive color) that can utilize the electrical current.
All these translations combined can be seen as the ’glue’ be-
tween the different materials in the composite.

The rear side of the composite is the access to the input
stream as described above. The input stream consists of what
we refer to as algorithms and data and constitutes the con-
trol of the composite. As such, it plays a central role in the
composite material and the possible product to be made of
it. The rear side can be designed such that it is constantly
accessible throughout the life of the material (or product), or
the algorithms can either be formed and frozen during the
design of the material or during the design of the product.
The same holds for the data set.

Dynamic input can happen through sensors or through con-
nections with other computers. A sensor usually detects
input by measuring: change of light, change of scenery,
change of temperature, or change of pressure. The measure-
ments then need to be translated into discrete voltage levels
to enter the computer. This translation can happen in vari-
ous ways: if it is a matter of a two state input, the transla-
tion is straightforward; otherwise, methods, such as a regis-
ter over sequences of discrete voltage levels with the direct
input from the sensor as a key to look it up, can be utilized.

Generally, as computers can be integrated in networks so can
computational composites and thereby form large structures
of the same material.

This leads to another aspect of the composite composition,
as the computer, including the input and output streams,
can exist in the composite in various degrees of integration.
The degree of integration depends largely on the purpose of
the composite; if the complication of computations entails
a computer of a certain size, seamless integration can be
impossible; or if dynamic input is needed, the input stream
could require a device that resembled a tool more than a rear
side of a material. More explicitly, the degree of integration
depends on: the type of input needed, the size of the com-
puter, the access to power supply or battery lifetime, whether
it is a standalone computer or it is in a network, either in
a server/client architecture or a distributed one; but it also
depends on the other type of materials used, and the states
which they need to assume. However, as long as the com-
putations are utilized to control transitions between states in
the composite material, it is a computational composite.

EXAMPLES OF COMPUTATIONAL COMPOSITES
In this section, we will explore examples of computational
composites to render the concept more tangible. The first ex-
amples are different types of displays. Together they hint at
the vast potential of embedding computations for both prac-
tical and aesthetic purposes. The last examples introduce
flexible form as another mode of computational expression.
Flexible form can for instance be used to alter the size of
a given space by adjusting to specific purposes within that
space.

Besides being examples of new kinds of materials, they are
also illustrations of successful interdisciplinary collabora-
tion between research, design, craft, and art. As such, they il-
lustrate what working with computational composites might
be like also in terms of the interdisciplinary approach needed
to develop them.

Computational Textiles
The e-broidery project [24] propose several examples of
computational textiles in which they use materials for the
computer’s electrical circuits that correspond to the flexibil-
ity, durability, wash-ability, and conformity of textiles. Thus,
the computer is literally woven into the fabric. Metallic silk
organza, for instance, can be used to create a conductive
layer in which each thread can function as an individual rib-
bon cable because of the woven structure of the fabric [24].
The organza, working as a conductive layer, can be attached
to other fabrics to insulate it from the surroundings and from
folding. Another example of such a material is the conduc-
tive yarns made of stainless steel, which can replace any tra-
ditional wiring to and from the microprocessor [24].

In a later and more developed design called the Electronic
PlaidTMmade by International Fashion Machines (see fig 1),
a computational textile enables controlled change of color
using the same principal of woven electronic circuits com-
bined with color change inks and drive electronics [22]. Pre-
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Figure 1. Examples of computational textile, courtesy of
IFM [22]

sumably, a computer controls the electrical current in the cir-
cuits, which in turn initiate a color change (state change) un-
der the right conditions. Thus, the electrical current is the
’glue’ of the composite and the color changing ink is the
actuator. The plaids are programmed in modules of eight
pixels made of four to eight different electronic yarns that
create the pattern [22].

This material is plastic, flexible, soft, and decorative, but
it is sensitive to environmental conditions such as sunlight
and water, and shows little mechanical strength. Thus, it is
primarily suited for indoor wall displays or decorations and
maybe even furniture [22]. The variety of dynamic expres-
sions the material can display is limited to the four to eight
different yarns per pixel, which can change between just
a few colors. The material as available from International
Fashion Machine is pre-programmed meaning that both al-
gorithm and data input are determined before use. However,
the design of the interaction with the textile needed not be
determined beforehand it seems feasible to integrate auto-
matic dynamic data collection for example various types of
environmental sensors. This open-ended approach leaves for
instance room for an interaction designer to decide how the
textile is to be used.

Computational Concrete
Another example that relies on a similar type of composite
structure is the Chronos Chromos Concrete (see fig. 2). This
computational concrete is a composite material that holds
the properties of ordinary concrete and still is able to dynam-
ically display text or other patterns through color change [8].
The material behind the color change is thermodynamic ink,
which is blended into the concrete. Beneath the concrete sur-
face are mounted nickel chromium wires that heat up when

Figure 2. Example of computational concrete, courtesy
of Glaister, Mehin, and Rosen [8]

electric current is passed through them. Then, when a certain
temperature is reached in the concrete, it causes its color to
change (state change); a process that takes at the minimum
of five seconds [9]. As was the case with computational tex-
tile, the electrical current plays the role of ’glue.’ The ma-
terial is mechanically robust and thus suited for large-scale
architectural installations. Its display dynamics is, however,
restricted within the five seconds, and the patterns seem to
lack sharpness up close. Even so, the developing potential
seems extraordinary and the prototypes to date developed
show concrete examples of a computational composite.

Computational Tensegrity
There are several projects where the walls or the whole
building structure can move or change shape and thus either
expand or diminish spaces on either side. Such ideas ex-
isted even before the digital computer was invented. Cedric
Price’s vision of the Fun Palace or Rogers and Piano’s plans
for the Centre Pompidou all build on ways of utilizing ma-
chines to create dynamic spaces. In less spectacular projects,
but no less novel, several experimental architects today ex-
plore the possibilities in computations to enable dynamic
spaces. Here, we take a closer look at two examples of how
this can be achieved.

oframBFRA (The Office For Robotic Architectural Media
and The Bureau For Responsive Architecture) has created a
full-scale prototype of a tensegrity structure, which can be
used as a responsive wall (see fig. 3) [4]. A tensegrity is
a skeleton structure that consists of members in continuous
tension and members in discontinuous compression. They
are interconnected in a way that allows each member to con-
tribute to a self-stressing structure. In the oframBFRA varia-
tion the tensegrity is a repeated module that consists of three
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Figure 3. A prototype of an actuated tensegrity struc-
ture, courtesy of oframBFRA [4].

compression members which meet in a tripod formation that
is held together by tension cables [4]. This forms a structure
that can be subjected to alteration in tensions within each
module causing the local rigidity to change and thus induce
the entire structure to change shape [4]. Thus, by introduc-
ing an actuator controlled by computations on the apex of
each module the tensegrity can perform controlled transfor-
mations between a wide number of states [4]. This is an
example of a composite material where the complexity of
the structure within the material resembles that of wood, but
as it is presented by oframBFRA, to a much larger physical
scale. The tensegrity can be covered by membranes, which
enables it to form shelter and separate spaces. The dimen-
sion and control of the tensegrity are not a given; it can be
scaled to suit different needs, and the controls can equally
be designed for those purposes. oframBFRA suggests that
the controls should rely on predetermined algorithms and let
the data for the algorithms be dynamically collected through
sensors that detect changes in the immediate environment.

Moving Structure
In Moving Structure [15], the architect Pavel Hladik exploits
combinations of Teflon foils and the two states available in
shape memory alloys (SMA) NiTiCu (See fig. 4). A SMA
change shape according to temperature with a straight shape
in its cold form to a bended shape (up to 5%) when it is
heated. The shape for the hot state is created during con-
struction and remembered when the SMA is later reheated.
The SMA’s transition state lies at around 30◦C but can be
protected from the environment through a heat protection
layer and thus become more controllable [15]. In Moving
Structure, Hladik forms structures of spiral formed SMAs,
Teflon foil, and lightweight heat emitting conductive fibers
that coupled to a computer become a computational com-
posite. The Moving Structure forms a material suitable for
walls in many different situations [15]. As with the tenseg-
rity structure, the algorithms and data sets are not necessarily
predetermined and can therefore be designed to the chosen
purpose of the material.

Figure 4. The SMA work as an actuator changing the
shape of the entire material, courtesy of Pavel Hladik
[15].

Further Examples
These were just a few illustrations of what computational
composites might be like, and many more are available. The
area of computationally enhanced textiles is, for instance,
rapidly growing (cf. [1, 27]) just as there are a wide vari-
ety of displays which utilize different materials to express
the result of computations. One such example is the Pixel
Skin 02, designed by Orangevoid, which also utilizes the
two state material SMA to achieve changes in a surface [21].
Another example is the Wooden Mirror by Daniel Rozin. It
utilizes wood which does not have an inherent actuator to en-
sure transitions between states, but by cutting it into pieces
and appending a motor as actuator he achieves a similar ef-
fect as the Pixel Skin 02 [28]. The HypoSurface [12] inte-
grates the display with a shape changing surface and in that
endeavor rely on an even more complicated set of actuators
which push it towards the boundary of being a material, how-
ever, it still poses material like properties. Lucy Bullivant’s
Responsive Environments [3] holds examples of even more
moving, interacting and responsive materials and products.

The list seems endless, but most of these examples are still
at a stage of research and need more refinement to become
robust and reliable materials. Many of them have been de-
signed as one-off installations or art pieces and not really
as material to be produced in larger quantities. There exists,
however, a few deployed examples such as the Diaphragm of
L’Institut du Monde Arabe in Paris by Jean Nouvel, where
he use irises to let different amounts of light through the win-
dows based on light-sensor input.

DISCUSSION
Based on the observation that knowledge of materials is es-
sential for design practice we raised a series of questions in
the introduction: In what ways can we consider computa-
tional technology as material? To what extent would such
an understanding be based on computer science, and to what
extent would new perspectives on this technology have to be
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developed to address the perspectives and issues designers
deal with? How can we understand, and work with, com-
putational technology in relation to other materials? Based
on the analysis presented, we now conclude the paper with a
discussion of these questions. We will also relate them to ex-
isting design practices and technological research traditions,
to point to future work in this interdisciplinary field.

The analysis of computational composites as presented in
sections ’Computers as Material’ and ’Computational Com-
posites’ provides our suggestions as to how computers can
be considered a material: that computers can be understood
as materials in the traditional sense and that computer’s
properties only become available when existing in a com-
posite with at least one other material. We also argued that in
order for design practice to come to grips with computational
technology, we need to develop our frameworks beyond the
one we now find in computer science, as it is necessary to
deploy a new perspective on the technology. Given the de-
velopment processes toward using other materials in design,
the need for such re-appropriation is not unexpected–in fact,
it is what happens most of the time in the interdisciplinary
context of material development.

Language and Framework
When studying development and use of more traditional ma-
terials such as wood, steel, or aluminum it becomes clear
that different types of access to a material are necessary be-
cause a chemist’s approach to any given material is different
than that of an architect. A difference caused by the need
of minimizing the level of complexity. The matters focal to
the chemist, such as the molecular structure and responsive-
ness with other chemicals, are circumferential to the archi-
tect, just as aesthetics and maintenance are to the chemist.
If they were both to focus on every matter concerning the
material, it would be hard to talk of a focus. The conse-
quence of this is that every level of interest concerning the
material needs to have a framework of concepts at their dis-
posal. These frameworks need not be discrete and isolated
from one another, but they must contain concepts that sup-
port the different perspectives. We find the same division
of perspectives necessary for computer technology to prop-
agate beyond computer science and into design or architec-
ture. Therefore, it is necessary to try to conceptualize differ-
ent perspectives of computational technology and thus com-
plement existing computer science frameworks. HCI and in-
teraction design have the potential to play an important role
in this development.

Design of Materials
Our notion of computational composites is a framework that
could allow for design practices in industrial design and ar-
chitecture to work with the material on a different level of
abstraction; an abstraction that we believe still accommo-
dates the complexity needed for designers to propose feasi-
ble designs containing computer technology. The abstrac-
tion does not, however, remove all complexity of the ma-
terial and the question remains: How can a designer use a
material that is so complex it needs to be designed first? As
the examples of computational composites illustrate, there

seems to be a continuum of development and use ranging
from the design of a new ’raw’ composite material to be used
in ways yet to be determined, to the development of a certain
application, product, or environment. Again, this situation is
not unlike what we find in other areas of design. Textiles
may serve as an example. At one end of the scale, textile
engineers research and develop fibers, materials and pro-
duction techniques. Based on this, textile designers create
textiles for designers to utilize for clothes, furniture, or art.
The development of textile artifacts happens in layers that,
though certainly intimately connected, do deal with different
sets of issues. Even within design and development of tradi-
tional computers we find a division of labor and interests. In
the case of computational composites, however, the matter
to be designed and developed is different from a traditional
computer; it demands more of a material science perspective
on the result than a traditional computer science perspective.
Furthermore, interaction designers, architects and artists are
bound to play a much larger role developing the material on
its way to become a product.

Developing computational composites is not a matter of
simple distinctions between technology and its application
it is about rather intricate and highly developed layers in-
between. With respect to interaction design, this opens
some interesting perspectives. For instance, there could be
a choice between working with the development of new ma-
terials (as in how the textile designer creates new fabrics we
all can buy and make new curtains from), and working with
finalized products based on such materials (as in how the
fashion designer makes garments we wear). We might even
say that traces of such layers exist in previous developments
of human-computer interaction, with the notion of end-user
programming, or in the interest in DIY kits for ubiquitous
computing applications. We even find traces of similar lay-
ers in more ordinary computer use. Users of desktop com-
puters differ significantly when it comes to how ’deep’ their
customizations of the machine is: from just filling it with
personal content such as documents and images, to exten-
sive personal modifications of both software and hardware.

A Non-Functionality Perspective
Working with computational materials in the ways discussed
in this paper, could also be a complement to existing ap-
proaches to interaction design. It does not depend on spe-
cific notions of functionality in the same ways as the devel-
opment of ’applications’ does [26]. Instead, it centers on
notions such as material properties, which represent a rather
different starting point for explorations of new possibilities–
especially so when it comes to the increasing collaboration
between designers of different domains on how computing
can be utilized.

Thus, with the notion of computational composites we are
not only seeking to provide a material view on computation
that various designers could benefit from – we also propose a
material science perspective on computer science that could
open up for new forms of collaboration between computer
science and architecture, human-computer interaction and
design
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