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Design is about imagining future possibilities and making things that enable us to 
live some of these possibilities. ‘Maybe the most fascinating thing about design is 
that it is a process that starts with a thought and ends with the world looking different’ 
says Stolterman (2007: 13). Design starts with the making of ideas – of possibilities 
and of problems and solutions (Schön 1983; Lanzara 1983). The ideas get clearer 
as they are formulated and communicated, concretized and tried out in detail 
(Bjerknes and Bratteteig 1987; Henderson 1999). The imagining of the design 
result drives the process forward.

An essential part of design is giving form to some material so that it embodies the 
idea(s). Designers thus think both abstractly and very concretely about materials, 
making an effort to choose the right one. Design is ‘thinking with materials’, and 
designers need deep knowledge about their materials (Stolterman 2007: 16). The 
future possibilities – the ideas – are grounded upon how well the designer under-
stands the materials: the material opens possibilities but also creates limits and 
conditions for the design. Some even say that the material ‘tells’ the craftsperson 
what it ‘wants to be’ – a particular piece of wood ‘wants to be’ a particular form in 
a chair. Similarly, the craftsperson must have a feeling for how a particular idea 
‘wants to be’ manifest in a material or be expressed in different materials. Design 
thinking is thus very closely connected with the physical world, with the material 
and with the complex reality – with the hand (Stolterman 2007: 18).

What about digital design? Löwgren and Stolterman (1998) claim that the com-
puter is a ‘material without qualities’, referring to Robert Musil’s (1996) novel ‘The 
man without qualities’. Computers are extremely malleable, and everything that 
can be described can be represented on a computer. Vallgårda and Redström (2007) 
criticize Löwgren and Stolterman’s view by commenting that a material without 
qualities or properties can ‘hardly qualify as a material’ (p. 514). The fact that the 
material is ‘so flexible it almost can take on any form we want’ misleads us to see 
it as ‘immaterial’.

This chapter sets out to discuss whether it makes sense to talk about computers 
as material in digital design. After a brief introduction to computers and the digital, 
I move on to talk more generally about materials in design, and discuss how the 
vocabulary for describing materials can be used to talk about digital material. 
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Because of the ‘immaterial’ nature of digital material, I also consider other ephemeral 
and less physical (‘immaterial’) creative processes, and how they might help us 
understand digital design and digital materials. The last section looks at relations 
between materials and the design process, and points to the work and the knowl-
edges concerned with materials needed in design. The conclusion summarizes my 
view on whether it makes sense to talk about digital material and whether it matters 
that it is digital.

Characteristics of the Digital

It is well known that the term digital comes from ‘digit’, which means number – 
originally ‘finger’ referring to counting on the fingers. ‘Digital’ means represented 
as digit(s), using calculation by numerical methods that involve the Arabic numbers 
1–9 and the symbol 0, or by discrete units. According to this definition, anything 
represented by numbers is digital: my old thermometer is digital because I measure 
the temperature according to a scale and read it as a digit.

However, we normally use the term ‘digital’ about digital representations imple-
mented on, or by means of, a computer: the digital is also electronic. In an elec-
tronic digital system – a computer – the digital representation is binary, as zeroes 
and ones. Everything represented – the system’s ‘content’ or information – is con-
verted to binary form. Moreover, an electronic digital system (a ‘digital system’ for 
short) is a system that uses discrete values represented as binary numbers or non-
numerical symbols like letters, signs, icons for input, processing, transmission, 
storage, or display of information, rather than a continuous spectrum of values as 
in an analogue system.

Abstractions

The basis for digitization is differences in voltages in electric current defined binary 
as 0 or 1. The data signals in a digital system carry one of two electronic (or optical) 
pulses: logical 1 when there is a pulse, logical 0 when the pulse is lacking. The 
binary representation is an abstraction from the fact that current is continuous; the 
abstraction is a construct, a choice, like all abstractions. The computer is built up 
by digital logic, by combinations of zeroes and ones into logical gates: AND if both 
inputs are high or 1, output is 1; OR if one input is 1, output is 1. The gates are 
further combined into increasingly complex logical units (see Fig. 5.1).

A digital electronic system is one of abstractions, all the way from the voltages 
to the surfaces that meet the user (Dourish 2001). When we click on the printer icon 
on our computer screen, the computer performs a number of operations at many 
levels of abstraction in order to connect to the physical device and make it print the 
signs we want it to print. The services offered at the user interface (such as printing, 
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copying, searching) are abstractions that represent programs that are sets of abstractions 
themselves (like instruction sets, database architectures, communication protocols) 
materialized in transistors and electrical pulses. Remember: even the binary signals are 
abstractions imposed on continuous voltages.

The abstraction levels concern types of machine behaviour, and in computing it 
is common to refer to the physical machine (wires, disks, and integrated circuits); 
the logical machine (the collection of logical elements made from physical compo-
nents like and/or gates); and the abstract machine (‘a collection of abstract sym-
bolic processors designed to resemble aspects of the world modelled’ (Winograd 
and Flores 1986)). The abstract machine is described in modelling languages con-
structed to communicate to the programmer as well as to support the translations 
from the abstract logic into a physical machine (Winograd 1979). It is the idea of 
an ‘abstract machine’ that makes us think that the computer is immaterial.

Abstraction is the most fundamental characteristic of digital system design. The 
term abstract originates from Latin abstrahere: to pull away. Abstraction means to 
omit details and represent selected qualities of a phenomenon. Kramer (2007) 
emphasizes two aspects of abstraction: (1) ‘the act of withdrawing or removing 
something’ (p. 38) which means to leave out selected properties of the object in 
question, and (2) ‘the process of formulating general concepts by … extracting 
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common features from specific examples’ (p. 38). Abstraction in this sense is used 
in other disciplines: in art, where details are omitted in Munch’s painting ‘The 
Scream’ for example, or in music, with Bach’s use of counterpoint. A famous 
design example is the map of the London Underground, in which the directions and 
distances do not match the physical, geographical underground tracks – and in this 
way makes the map easier to navigate from.

In digital design, abstraction allows systems to be considered at different levels 
of detail, to be broken down into individual components, and to be reassembled. 
Thus, the activity of systems design is to create and manipulate abstractions. 
Abstractions help us manage the complexity of a system by allowing us to hide 
it selectively in logical ‘black boxes’1 that we relate to through the characteristics 
of their interface. The ‘we’ above can be human users or pieces of code (i.e. other 
black boxes), and all we need to know about the black-boxed abstraction is what 
input they need and what output they produce (the functionality, procedure call 
conventions, and return values). The system’s internal mechanisms, which 
describe and control how it goes about doing the work, are intentionally not avail-
able for inspection (Dourish and Button 1998: 414). Hiding the (internal) com-
plexity behind simple interfaces enables us to build very complex systems and 
address them at different and logically appropriate levels of interaction. The fact 
that we design with abstractions leads us into finding ways to reduce the com-
plexities of the phenomenon we design for (and to), and we make use of systems 
thinking with its support for modularization and black-boxing of system parts 
and layers. It is easier to design one part at a time, and to work with layers of 
emerging properties.

The notion of ‘abstract’ also connotes impersonal and detached. The act of 
abstraction is an act of translation that involves the creation of generalized logical 
units and categories that are used as building blocks in a system. Abstractions span 
classes of objects that are concrete: found in the real world, particular and specific, 
tangible and made of solid mass. Systems thinking2 helps in making general struc-
tures and processes where the particularities of a single instance are represented 
with variable values in a class of similar phenomena. When applied to the world, 
systems thinking makes us see the relationships between the whole and its parts. 
The danger is, however, that systems thinking easily seduces us to think that the 
world is a system (Bjerknes and Bratteteig 1987; Bowker and Star 1999).

1 Nygaard (2002) defines object-oriented systems as composed of interrelated components, where 
each component has some properties and some action connected to it. The objects are instances 
of object classes. Classes can be divided into subclasses that inherit the properties of their super-
class. The modularization in object-oriented programming is a method of simplification. The 
black-boxing achieved with modularization is also discussed by Latour (1999).
2  Systems thinking applies a systems perspective on the world (for some time and for a purpose, 
see (Nygaard 2002, 1986)), seeing a part of the world as a whole, built up of interdependent com-
ponents, where the properties of the system are more than the sum of the properties of its parts; 
emergent properties appear at different hierarchical levels of the system (Checkland 1981): A bike 
as a whole has different properties than the sum of each of its parts.
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Representations

Abstractions represent concrete objects, structures, and processes that exist in the 
real world and, as the abstractions are concretized come to exist in the real world 
themselves. The representations aim to model actual, physical phenomena happen-
ing in a real-world context, and represent what are considered to be the important 
properties of the phenomenon (which means that they embody choices and trade-
offs). However, the modeller may over-simplify or mis-represent the phenomenon 
if that serves the purpose of the modelling.

Representations are not uniquely related to digital systems; they are an integrated 
aspect of how human beings deal with complex phenomena (e.g. medical diagnosis 
systems, see Bowker and Star 1999). In the hospital I am represented as a patient and 
I ‘become’ my blood test results or heartbeat or dysfunctional body part. Laboratory 
tests of the enzymes in a blood sample are interpreted as a representation of the size 
and seriousness of a heart attack.3 Measurements of the heartbeat on a scope screen 
need to be interpreted because different monitors display the same rhythm differently 
(Bjerknes and Bratteteig 1987, 1988). Fortunately, such measurements are inter-
preted, taking into account the particularities of the individual real patient: the body, 
the sickness history, the medication, and the physical observations of the phenomena 
represented. Making and interpreting such representations are part of the profes-
sional work that health workers do. The representation is about their work object: 
the patient, and is a work object itself (Berg 1997).

The making of representations is a basic craft in system design – at many 
abstraction levels. Literature on system design indicates many different ways to go 
about representing the system-in-the-making; focusing on objects, data structures, 
functions etc. Software engineering methods describe how to plan and build a 
robust system, where the aims and requirements of the system are given. System 
development methodologies are often built upon a set of methods and tools for 
making system representations, supporting a particular view on systems and solu-
tions (Andersen et al. 1990; Bjerknes and Bratteteig 1987). At lower levels, the 
representations detail the system parts, and the representations can be unambigu-
ous, as the context of use is a fully specified computer system rather than a more 
or less unpredictable human use setting.

Another essential characteristic of the computer as an abstract machine is that it 
is ‘symbolic’ (Winograd and Flores 1986). It is made up of symbols taken to be 
tokens or signs that stand in for something else: they represent something else. A focus 
on symbols suggests that interpretation and meaning-making is necessary for 
design and use of the symbolic machine, in fact the machine must be given meaning 

3 The enzymes ALT (alanine transaminase) and AST (aspartate transaminase) leak out of damaged 
muscles into the blood and can be found after a heart infarct, but can be caused by other muscles 
as well. The same holds for the enzyme CK (creatine kinase). The combination of these should 
identify the source of the muscle damage. Blood tests for enzyme values are taken until the level 
is decreasing, signalling that the damage on the muscle has stopped (Bratteteig 2004).
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by its users. The users in this sense co-construct the symbolic machine by relating 
to it in accordance with the meaning s/he gives to it by using it. The challenging 
ambition for designers is thus to communicate their (intentional) interpretation well 
enough for the users to share their interpretation and utilize the intended potential 
of the machinery in question. Symbolic machines therefore depend on successful 
communication between designer and user (Andersen 1986), and, hence, on how 
the symbols are materialized and given form in the artefact. This adds to the general 
challenge in design to communicate functionality of an artefact (Bratteteig 2002). 
The communication of the functionality of a symbolic machine can make use of 
both symbolic and physical forms, but need to speak the language of the contem-
porary culture.

Symbols are culturally and socially defined. Context and genre constitute con-
ventions that shape our interpretations of symbols4: the symbol ‘@’ reads differ-
ently after you have opened your first email account. Symbols require interpretation 
and meaning-making: linguists would say that the ‘reader’ needs to understand the 
meaning (the signified) that is communicated through the symbol/sign (the signifier). 
Symbols are concrete forms – matter – that signify meaning.

[The] representation is in the mind of the beholder. There is nothing in the design of the 
machine or the operation of the program that depends in any way on the fact that the sym-
bol structures are viewed as representing anything at all (Winograd and Flores 1986: 86).

Representation is an act of signification, which includes creating a concrete expres-
sion that can be made sense of by the people in its context. All representations 
influence the way we act and understand the world, and get embedded in our way 
of living; a classic example is the clock representing time – deeply embedded in 
Western society, culture and organizations, even our identity (Weizenbaum 1976).

Process

A basic characteristic of digital electronic systems is that they are program execu-
tions: they do things. A program execution is a process characterized by aspects 
like input (start condition), output (end result), and properties such as speed, dura-
tion, rhythm etc. A machine that performs processes automatically is an automaton; 
the automaton processes input and transforms it to output, it produces responses to 
stimulus, and it changes its state(s). Simple automatons, like the thermostat, are set 
to turn the heat on and off for you. More complex automatons, such as the calcula-
tor or the bank’s account system, do the mathematical calculation for you.

4 cf. Andersen 1986; Andersen & Bratteteig 1989. In this sense, language is a system of symbols, 
but the meaning-making in our culture also includes iconic symbols and symbols that speak to 
other senses: hearing the Nokia phone signal three short, one long, three short beeps is easily 
interpreted as ‘sms’ in Morse code N N N�– N N N by telegraphers.
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‘A washer is a washer, whatever clothes you put inside, but when you put a new 
program in a computer, it becomes a new machine’ (Gelernter 1998: 24). A pro-
gram is a description of a ‘virtual machine’ that becomes real when activated in a 
computer. The concept of the virtual machine is ‘a way of understanding software 
that frees us to think of software design as machine design’ (Gelernter 1998: 24).

The virtual machine combines two aspects of the digital (and electronic) that 
makes it into a general machine: (1) the fact that the representation is an abstraction 
and can refer to anything: a number could be a temperature, an amount of money, 
a time (hour or date), a measurement of length or weight – it depends on the context 
in which we set the number; and (2) the fact that the representation is an abstraction 
of a process in a machine that can change its state based on input, and that contains 
a specification of operations to produce output.5 It is the second aspect that I shall 
discuss in this section.

The abstract machine includes structures for action, both automatic action and 
responses on input from internal as well as external sources (like humans). The struc-
ture for action is called a procedure: a series of operations in a particular order that, when 
performed, will transform a particular input to a specified output. A procedure specifies 
the preconditions and frames for action. A simple thermostat measures the tempera-
ture and when a certain condition occurs, a certain action is taken; the temperature is 
below a preset value and so a heater is turned on. The washing machine washes by 
moving its interior at a certain speed (presented by labels as ‘careful’ or ‘normal’ 
washing), at certain temperatures and for a certain time (not independent of the tem-
perature).6 The ATM does not give me any money if I input a number greater than the 
number that the bank computer has registered as the deposit in my bank account.

In an electronic system, the procedure is called an algorithm; a concept tradition-
ally used to denote the solving of mathematical problems. ‘Algorithms are abstract 
descriptions of the solution to a problem, which may be solved by a machine’ 
(Knuth 1973). Algorithms express structures for processes, and can be character-
ized by properties that refer to the way they are structured – finiteness, definiteness, 
input, output, effectiveness (Knuth 1973).

Algorithms work with symbols that refer to classes of concrete instances and 
thus represent abstractions from the specific values of the instances. ‘The concept 
of “a variable” represents an abstraction from its current value’ (Dijkstra 1976: 11). 
The concept of a variable captures the ‘the quintessence of programming’.

A well-known example of an algorithm is Quicksort, invented in 1960 by C.A.R. 
Hoare. Quicksort sorts a set of cards (or whatever needs to be sorted) in an elegant 
way. It makes use of some basic abstraction mechanisms: recursion (referring to 
itself), and calling a procedure (a repeated set of operations). It partitions an array into 
small and big elements, and continues to do the same in each of the two new arrays 

5 All digital electronic systems are Turing machines: universal devices that manipulate abstract 
symbols and can simulate the logic of any computer (Minsky 1967; Knuth 1973).
6 A curious fact is that the temperature scale on the machine fits the categories of the washing 
instructions attached to the clothes: the making of wool-washing programs is intertwined with 
developing ways of preparing wool so that it can stand this kind of machine washing.
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(recursively) until there are no arrays left to be sorted. Here follows a short way of 
specifying this algorithm, below is a program that does the same:

pick one element of the array (the “pivot”). 
partition the other elements into two groups:

“little ones” that are less than the pivot value, and 
“big ones” that are greater than the pivot value.

recursively sort each group. (Kernighan and Pike 1999: 32)

The representation of the Quicksort algorithm – and the algorithm itself – illustrates 
the way that real phenomena can be translated and represented in an electronic 
system. The skills and knowledges about forming digital (electronic) materials are 
just like this: forming abstract structures and algorithms into representations that 
can be read by humans (like the program below) and translated to electronic signals 
visible in machine behaviour.

/* quicksort: sort v[0] .. v[n-1] into increasing order */ 
void quicksort(int v[], int n)
{

 int i, last; 
 if (n <= 1)               /* nothing to do */ 
 return; 
 swap(v, 0, rand() % n);       /* move pivotlem to v[0] */ 
 last = 0; 
 for (i = 1; i < n; i++)          /* partition */ 
 if (v[i] < v[0]) 
  swap(v, ++last, i); 
  swap(v, 0, last);          /* restore pivot */ 
 quicksort(v, last);           /* recursive sort */ 
 quicksort(v+last+1, n-last-1);     /* each part */

} 
The swap operation, which interchanges two elements, appears 
three times in quicksort, so it is best made into a separate 
function: 
/* swap: interchange v[i] and v[j] */ 
void swap(int v[], int i, int j) 
{ 
  int temp; 
  temp = v[i] 
  v[i] = v[j] 
  v[j] = temp 
} (Kernighan and Pike 1999: 32–33)

Processes controlled by a machine need to be correct, predictable, controllable, 
reliable etc.; they must behave according to a set of engineering qualities. We need 
to trust that the calculation is correct or else the calculator is useless. In particular, 
processes that are non-transparent and incomprehensible processes must be correct. 
We accept that we cannot make a call if we have no connection to a provider, or if 
the battery is flat, but if the telephone cannot be used under normal conditions, we 
throw it away. Predictability and human control of automatons is crucial.

As the automaton is always right, a certain level of knowledge is required to question 
its output. This also holds for the automation and digitization of manual processes: 
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it makes us question the value of the knowledge involved in the manual processes. 
In the 1970s, Norwegian dairies were automated and knowledge concerned with tasting, 
smelling, feeling, looking at the milk as it travelled through the factory became obsolete 
– and eventually disappeared. Instead came knowledges concerned with the representa-
tion of temperature and chemical composition, which constitutes a different set of skills 
and knowledges (cf. Zuboff 1989). The delegation of knowledge work to machinery 
made it uninteresting to maintain the knowledge about the physical processes.

Automatons are machines that process things and perform operations by them-
selves. An automaton has been delegated a symbolic process, e.g. calculation (Säljö 
2000) and its calculations may be part of a larger human activity system. We can 
see the automaton as a ‘prosthesis’ that enhances human capacities (Weizenbaum 
1976). As a lever enhances the human capacity to lift, a calculator enhances human 
capacities concerned with calculations. We can say that the calculator is delegated 
some calculation work – or even intelligence and memory – and that calculation is 
performed by an assemblage of humans and machinery.7

The level of abstraction of knowledge in society increases when many physical 
processes get transformed and translated to representations and measurements. The 
ubiquity of representations influences how we relate to both signifiers and the 
signified.

Chapters 1 and 2 describe aspects of contemporary ICTs that deeply influence our 
experiences with computers, both as users and designers: the developments in size-
power-price relations, the miniaturization and the distribution of computing on ubiq-
uitously present digital networks (be it gsm, gps, or the Internet). Nano technologies 
and extremely small computing devices that act as sensors and actuators can be dis-
tributed in the environment and embedded in physical materials (even woven into 
textiles). Wireless and mobile computing enable us to let go of the desk top as the 
place where we work or gather information. Ubiquitous computing (Weiser and 
Brown 1997) and ‘everyware’ (Greenfield 2006) open up possibilities for processing 
power in virtually all everyday artefacts. Digital design can range from global com-
munication systems to digital dust. Many digital electronic systems are distributed 
over several devices and parts, and with increasing convergence to other systems. 
These developments give new possibilities for the digital material to be mixed with 
other materials, or take different shapes from previous generations of ICTs.

Materials in Design

A material is ‘a physical substance that shows specific properties for its kind’ 
(Vallgårda and Redström 2007: 514). Material is the stuff of which things are made. 
Material – referring to matter – is physical; it has a mass and occupies space, but it 
does not normally have a specific form and can be shaped. Matter can exist in 

7 Like distributed cognition. See Hutchins 1995, Säljö 2000, Latour 1999, and Suchman 2007 for 
different accounts of distribution of cognition over humans and artefacts.
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different phases: solid, liquid, gas or plasma. Material sciences operate with categories 
of materials referring to their properties or their origin (artificial, natural). We can 
perceive materials by one or more of our senses.

While contemporary architecture and product design use digital tools to construct 
their expressive forms (see e.g. Sevaldson 2005; McCullough 1998), the material used 
is still mainly non-digital: wood, stone, brick, glass, metal, plastic, concrete etc.

The close relation to the material is easy to see in the crafts, for example in 
traditional boat building (like the Viking ships, see Fig. 5.2 left) where the builder 
tries to find pieces for the arched ribs by looking for trees with ‘knees’, as such 
naturally grown crooks are more rigid and flexible than wood with fabricated bends 
(Juul-Nielsen 1984).

Fig. 5.2  From left to right: Ribs of Viking boat, and Gramazio and Kohler’s computer-designed 
brick wall and corridor, see www.gramaziokohler.com

Architects are also close to their materials, and spend much time getting to know, 
explore and experiment with materials as part of the inspirational phases of their 
design processes (Jacucci and Wagner 2007). Contemporary architects’ works include 
experimental use of materials; for example, the architects Gramazio and Kohler (2007) 
digitally construct and automatically build brick walls that express their design idea 
– and challenge our conception of a brick wall (see Fig. 5.2 right and middle). The 
composition of bricks so that they express shapes (grapes) and allow light into the 
room while avoiding direct sunlight, is impossible to construct without a computer. 
The automatic production of the brick walls required the bricks to be glued – which 
gave the wall elements different properties than bricks put together with mortar; the 
wall elements, for example, can be lifted and moved (Gramazio and Kohler 2007).

The material properties can be characterized on many levels, from the chemical 
basis to the use value of (compositions of) materials (e.g. timber shifts its properties 
when glued in layers (laminate)). Vallgårda and Redström (2007) characterize 
materials according to their:

s� Substance The substance is the physical stuff that the material is made of. 
Definitions of materials refer to the atoms and the chemical and physical proper-
ties of the stuff.

s� Structure Materials have structures – we can even say that materials at a molec-
ular level are structures. Some material properties have their origin in chemical 
properties at the molecular scale.
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s� Surface All materials have surfaces, acting as the interface to the surroundings. 
Surfaces can be characterized by their texture and colour, but the surface often depends 
on other characteristics of the material, e.g. temperature, special treatment etc.

s� Properties The chemistry of materials is important for understanding their 
properties at higher levels. However, characterizing the properties of a material 
depends on the perspective, what the material is evaluated in relation to; wood 
is, for example, seen differently by a chemist or an architect.

Vallgårda and Redström (2007) introduce the term ‘composite materials’ that are 
made in order to create a new property or change the properties of a material by 
combining it with another. They particularly mention the alloy aluminium, made 
from naturally-occurring bauxite refined into pig-aluminium – which is light-
weight but weak – and then combined with other materials to make it strong and 
flexible – what we normally refer to as aluminium (p. 516).

This leads Vallgårda and Redström to point to the difficulties of distinguishing 
between materials and products: timber, the product of the sawmill, is a material for 
the carpenter. The blurring is even more present in composite materials, especially 
when the composition is fabricated to allow new forms. It comes down to the per-
spective or purpose of the activity in which the material becomes a part. We can say 
that it is a material if it is used to create something new that expresses a new idea. 
A ‘bricoleur’, who uses products and product parts as materials, can illustrate this 
point (Harper 1987).

Computers as Material

When discussing computers as material in design we can use the same categories as 
for characterizing other design materials: substance, structure, surface and properties.

Perceiving computers as a material is … more than a metaphorical maneuver. It is a ques-
tion of accepting their similar characteristics as significant enough to hereafter work with 
the computer in the same manner we work with materials like aluminium or glass 
(Vallgårda and Redström 2007: 516).

Substance Computers can be characterized at many abstraction levels, ranging 
from the ‘immaterial’ information, signs and meaning to the very concrete level of 
how the electronic mechanisms work: the voltages that ‘do’ the processing of input 
to output. At this level there is no difference between software and hardware; all 
levels we make up to handle the complexities of a computer are, in the end, voltages 
and manipulations of voltages. The size of the computer refers to the number of 
instructions processed per clock cycle – which also points to the fact that the com-
puter needs to be whole in order to work, and that a smaller computer is not a big 
computer cut in two. The substance of a computer is thus the physical workings of 
an electronic artefact.

Structure the structural aspects of computers can also be discussed at several 
abstraction levels. At the level of voltages we deal with binary logic, whereas we 
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deal with components as cpu,8 memory and input/output devices at the physical 
composition of machinery for the desk top. Like other materials, the abstraction 
levels refer to particular levels of granularity that at lower abstraction levels are 
detailed even more. The structure prescribes particular processes in the computers. 
It is these processes that characterize the computer as material. ‘This is analogous 
to how energy in other materials holds the molecules together as a structure and 
thereby constitutes them as materials.’ (Vallgårda and Redström 2007: p. 517).

Properties We again need to distinguish between levels of abstraction since the 
lower levels consist of the processes that handle sequences of voltages that are trans-
lated into binary logic, while properties of the higher levels are concerned with the 
quality of the higher order processes. The many layers with emergent properties 
make it useful to apply a systems perspective on the computer – just as a bicycle as 
an assembly has different properties than each of its parts. At some level the com-
puter as material is combined with other materials (silicon, metal, plastic, glass) but 
the ‘raw’ material of a computer is the processes; the computations. Vallgårda and 
Redström (2007) therefore compare the computer with aluminium: the raw alu-
minium is useless unless prepared and combined (in an alloy) with other materials. 
Raw aluminium is interesting because its properties are potentially useful, but it 
needs to be treated and prepared in particular ways in order to make use of its poten-
tial. They conclude with characterizing the computer as a composite material.

A view on computers as composite materials emphasises that the properties of 
the ‘raw’ computing is maintained or realized through its combination with other 
materials, and that additional or changed properties can develop in such combina-
tions. The combination involves other materials that have particular properties, and 
it involves the preparing of the composite as one composite material.

Vallgårda and Redström (2007) use the concept of the computational composite 
to discuss computational textiles, computational concrete and computational 
‘tensegrity’ (tensegrity referring to ‘a skeleton structure that consists of members 
in continuous tension and members in discontinuous compression.’ (p. 519). They 
maintain that the properties of computational composites are concerned with the 
computational processes, and connect the composite properties to the states that 
the composite goes through, the transitions between these states, and the control of 
this process. They therefore connect the properties to the algorithms and data sets 
in the computation and to whether the control of the process is distributed (an all 
predetermined, dynamically controlled data set or a set of dynamically changing 
computing conditions depending on dynamically collected data sets (p. 517)).

Concrete Abstractions

From my walkthrough of digital electronic systems above, it seems that the two 
properties characterizing digital design results are processes and abstractions. It is 

8 CPU central processing unit.
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a basic property of computers that computational processes play out in time and 
also enable the computer to present time-consuming information (e.g., film, music). 
It is also a basic property that the computer is constructed by means of abstraction: 
abstraction of processes as well as of the structure and content of the processes. The 
computer, however, is very concrete.

At first glance, the title of this book [Concrete Abstractions] is an oxymoron. After all, the 
term abstraction refers to an idea or general description, divorced from physical objects. 
On the other hand, something is concrete when it is a particular object, perhaps something 
that you can manipulate with your hands and look at with your eyes. Yet you often deal 
with concrete abstractions. Consider, for example, a word processor. When you use a word 
processor, you probably think that you have really entered a document into the computer 
and that the computer is a machine which physically manipulates the words in the docu-
ment. But in actuality, when you “enter” the document, there is nothing new inside the 
computer – there are just different patterns of activity of electrical charges bouncing back 
and forth. Moreover, when the word processor “manipulates” the words in the document, 
those manipulations are really just more patterns of electrical activity. Even the program 
that you call “word processor” is an abstraction – it’s the way we humans choose to talk 
about what is, in reality, yet more electrical charges. Still, although these abstractions such 
as “word processors” and “documents” are merely convenient ways of describing patterns 
of electrical activity, they are also things that we can buy, sell, copy, and use. (Hailperin 
et al. 1999: ix)

Hailperin et al. (1999) distinguish between three basic types of (concrete) abstrac-
tions: procedural abstraction, data abstractions, and abstractions of state. Procedural 
abstractions are abstractions of processes, seen as a ‘dynamic succession of events’ 
(p. ix) – which leads us to abstraction of states: the changes made by the program 
that affect the further execution of the program (or other programs). Abstractions 
of data concern how information is represented and structured so as to fit the com-
putational processes. Their description of computing is a more specific account of 
the two characteristics addressed above: processes and abstractions. Procedures are 
structures for processes to go through a sequence of states, and the abstraction of 
data is the structures limiting the processes – here it makes sense to just talk about 
abstractions and processes.

Designing with processual material means to create or change processes – to 
look for processes and how general, repeating, quantifiable processes can be dele-
gated to machines. We look for processes to automate – and create both generalised 
routines and exceptions to them. However, general categories and routines are cre-
ations rather than expressions of real life facts (Star 1991; Suchman 1994; Bowker 
and Star 1999).

Material for Process Design

Vallgårda and Redström (2007) characterize computational technology as temporal 
due to its computational processes, and as spatial due to the ‘spatial form given to 
these processes by other materials with strong spatial elements’ (p. 514). The sec-
ondary property is what Vallgårda and Redström calls spatial: the space made for 
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the process to become concrete – be it physical or virtual. As pointed out above, 
Vallgårda and Redström are most concerned with the physical (e.g., pillows that 
combine textiles and computations), and claim that the computational ‘immaterial’ 
material is dependent upon other concrete materials to present itself – digital materials 
are therefore best understood as elements of new, composite materials.

Mazé and Redström (2005) suggest studying the computational object from the 
inside: from material to form, and from the outside: from interaction to form. They 
claim that the form of a computational object does not communicate the fundamental 
characteristics of that object, unlike, for example, how the size of a mechanical 
object tells us something about its power. ‘There is no longer any correspondence 
between the complexity of the surface and the complexity of the inner workings of 
an object.’ (p. 9). Maeda (2000) claims that this has consequences for both the 
designer and the user: the user cannot evaluate the object by its exterior; the designer 
gets less space for expressing his/her ideas – but can instead use the time dimension 
(when there is not enough space to present all necessary information, you need to 
present pieces of information over time). Mazé and Redström (2005) discuss the 
computational form as a combination of spatial and temporal form, claiming that this 
makes it impossible to separate form from interaction. Temporal form ‘is manifested 
through spatial form elements in use’ (p. 10). We therefore need to understand use 
as the concrete process of the temporal form rather than referring to users’ experi-
ences and needs concerned with their practices: use simply means the concretization 
of temporal form. Through experiments with spatial and temporal form combina-
tions, they suggest considering the interplay of spatial and temporal properties 
(space may change over time) to recognize how temporal form develops through 
mobility (users moving), and that form is not entirely determined by the designers 
if temporal influence on spatial form is allowed – and vice versa. The form is thus 
dependent upon the interaction with the environment (the users).

Processual Material

Material – or matter – refers to a substance that occupies space. What if the space 
occupied by digital materials is a symbolic space spanned by the activities in which 
the process takes attention and time? As a starting point to explore the possibility 
of talking about processual material, I will use other kinds of processual design 
results. Candidates for such analogies are design results that exist as an experiential 
process; music, theatre, dance or other performances. Design of such processes 
results in descriptions of activities at a very detailed level that are used as pre-
scriptions for the concrete realization of the performance (see e.g. Larssen et al. 
2004; Loke et al. 2007). For all performances there exist notations that can be read 
and interpreted as structure for the process – bearing in mind that the process is a 
concrete instance of the envisioned process and will be different every time and 
with every new performer (which may make a new artist’s performance enjoyable 
even if you have heard the piece many times before).
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Based on these analogies, it makes sense to characterize processual material as 
structural representations framing processes, emphasizing that it requires knowl-
edge to ‘see’ the process when reading the representation. Composers and musi-
cians hear the music when reading the scores; dancers and choreographers feel the 
dance when they read the choreography; actors and directors experience the story 
and the characters when reading the manuscript or storyboard; programmers see the 
computational process when reading program code and systems designers see the 
system behaviour when reading the system description. Working with processual 
material thus implies working with representations of process abstractions, recog-
nizing that the concretization of the process will be formed by the situational cir-
cumstances (see e.g. Harper 1987; Goodwin 1997). A good abstraction works for 
all relevant types of concrete circumstances.

It is interesting to bring improvisation into the debate, as seemingly unruly 
behaviour. However, Becker (2000) has observed that most improvising is ‘not 
quite so inventive as the language we use’ and jam sessions have a ‘very strict eti-
quette’ that says that, for example, the ‘number of choruses the first player played 
set the standard others should follow. To play more would be rude, pushy, self-
aggrandizing; to play less hinted that the first player had gone too far and, worse, 
that the following players who played less had less to say’ (Becker 2000: 171). 
Theatre sport (a group of actors who gets some of their role-play specifics from the 
audience in the moment of acting) also follows certain rules of improvisation. 
Improvisation is thus just another set of rules, opening up for a limited set of 
variations – just like some computer applications open up for a larger set of user 
input or include a greater variety of responses to user input – both creating more 
variation but within frames.

Processual design is to arrange for processes to unfold in particular ways. It 
seems to make sense to talk about digital design as the composition of processual 
structures to larger processual structures that can be realized with different sym-
bolic values materializing different process experiences for (and with) users.

Digital Material

Digital design deals with both the electrical processes allowing you to use you 
phone and the processes you engage in when using your phone. ‘When we call a 
process a computational process, we mean that we are ignoring the physical nature 
of the process and instead focusing on the information content.’ (Hailperin et al. 
1999: x). If you worry about ‘the current carrying capacity of the copper wire’ (p. x) 
when you use your phone, your focus is on the electrical rather than the computa-
tional process. Digital design deals with concrete abstractions of processes and 
their conditions (the data). Some abstractions seem to require knowledge about the 
concretizations of the abstraction in digitized form, e.g., in order to create an ade-
quate sound or good musical presentation process you need to know about digital 
representation of sounds.
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Stolterman argues that the basic material for building digital systems is bits 
(Stolterman 2006; Blevis et al. 2006), Vallgårda and Redström (2007) that it is the 
composite of electrical voltages and other materials (e.g. textiles) that constitutes 
the digital material. Acknowledging their physical focus, I still maintain that it 
is the abstractions composed into a general machine that characterises computers as 
products and thus constitutes the building materials in digital design. I suggest see-
ing the digital material as concrete abstractions of processes, addressed at different 
levels of concretization. This view refers back to the view represented in Hailperin 
et al. (1999) – and many, many other computer science books – that abstracting 
processes is the basic skill of the digital designer. We need, however, to maintain 
that digital design can be carried out addressing different levels of concretization 
though digital design surprisingly often requires us to traverse several levels. One 
example is the design of a door-opening device: key cards that use magnetic strips 
as the key and add sound as a feedback to the user to signal correct or faulty card 
use. To make the sound easy to hear, the wavelength most easily detected by the 
human ear is chosen (3,000 Hz), also enabling the use of the smallest loudspeaker9. 
Similar need for detailed material knowledge can be found at all levels of digital 
design, from interface design that chooses a particular blue background colour for 
ease of reading for dyslexic users (Fjuk et al. 2006), to the design of the capacity 
of an electronic circuit to match the battery’s capacity so that the device does not 
get over heated when activated.

In line with this, among the challenges of designing the iPod is making the very 
thin battery which, while providing enough power without overheating, also solves 
the legal, power-related and technical (storage, interface etc) issues necessary for 
realising the iTunes web site (Moggridge 2007). The iPod and its properties is a 
re-formation and re-configuration of (some of) the actors in music practices, pro-
viding a form that gives the iPod its identity and meaning – illustrating the com-
plexity and range of a digital design by including the service infrastructure provided 
by iTunes and the aesthetically pleasing entry point to that service: the iPod. The 
content and meaning of the iPod crosses any layered model of the digital artefact.

The meaning of the iPod includes all concretization levels; it makes no sense to 
distinguish between software and hardware when they both cross the iPod artefact 
and the iTunes service – and the combination of them. With reference to music as 
a practice, it also makes no sense to single out the ‘content’ or ‘meaningware’ as 
separate from the apparatus in which it has its existence.

Whalley and Barley (1997) confirm that ‘technicians work at the empirical inter-
face between a world of physical objects and a world of symbolic representations’ 
(p. 47). They claim that technicians act as ‘the link between a larger system of work 
and the materials on which the system depends’ and that ‘the materials of relevance 
may be hardware, software, micro organisms, the human body, a manufacturing 
process, or a variety of other physical systems’ depending on the context.

9 A 3.000 Hertz tone of 0 dB is the softest sound that a normal human ear can hear.
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The properties of the iPod are a result of design practices, where the fascination 
for the pieces, the materials, the small parts and their solutions can drive develop-
ment of the overall design result: the iPod. Design includes the practices of 
tedious processes of getting the technical solution right, insisting that the idea 
will work,10 and processes of bricolage, utilizing existing materials to achieve 
what you want.11 Gelernter (1998) reflects such practices in his emphasis on the 
joy of programming.

Levels of Digital Design

The concrete abstractions with which we work in digital design can be seen as 
belonging to different levels of concretization (Mörtberg 2001; Bratteteig 2004), or 
as packages of ‘processed bits’ made into higher level logical pieces of hardware–
software. Think, for example, of the carpenter who works with boards made of 
wood, or the tailor, who works with yarn and cloth of wool or cotton. Carpenters 
and tailors know about the processes of making cloth or boards from wool and 
cotton – or birch and teak – and about conventions for using particular types of 
cloth or boards (like 2 × 4 for building scaffolding or tweed for a suit) even if they 
do not do this preparation themselves. The building up of ‘packages’ of digital logic 
into larger logical units – or abstract processes composed into higher level abstract 
processes – enable us to apply digital logic at the design process by black-boxing 
system pieces so that we do not always need to worry about their internal composi-
tion, and can focus on the whole design as well as the details. The layering also 
makes it more difficult to distinguish between the materials and objects.

Earlier, I referred to timber as an example of being both a product of the sawmill 
and a material for the carpenter, illustrating the difficulty of distinguishing between 
materials and products. The blurring is even more present in composite materials, 
especially when the composition is fabricated to allow new forms. Levels of design 
encourages the packaging of increasingly larger pieces of digital logic to be out-
sourced during design, as well as sold as pieces to be easily tailored to the use 
context through integration and modification of variables (Grinter 1995, 1998). It 
is tempting to compare the levels of concretization to the layers of a building con-
struction suggested by Brand (1994), where he distinguishes between the layers by 
reference to the rate of changing the layer, ranging from the site where the building 
stands to the stuff that the people living in the building buy, change, rearrange and 
throw away.12 Also, different types of professional expertise are involved in build-
ing and changing the different layers: carpenters, electricians, plumbers etc.

10 Hård (1994) documents how engineers try hundreds of times to make their idea work.
11 Harper (1987) documents the knowledges and skills of a ‘bricoleur’, cf. also Ciborra (2002).
12 Brand distinguishes between site, structure, skin, services, space plan, and stuff.



164

EXPLORING DIGITAL DESIGN

The distinction between tools and materials is particularly ambiguous in digital 
design. In his discussion of the construction of human–computer interfaces consid-
ered as a craft, Wroblewski (1991) says that ‘[a]ll partially finished work acts both 
as a tool and material’ (p. 6) and also that ‘[t]he software craftsman works in a 
virtual toolsmith’s shop, where all materials can become tools, and all tools are raw 
materials’ (p. 11).

Close to the Material

McCullough (1998) introduces the term ‘digital craft’ in exploring how computer-
aided design can be seen as a development of craft skills. He emphasises the dema-
terialized and symbolic nature of computers and thus how interpretational skills 
become more important. ‘Common sense becomes visual sense’ (McCullough 
1998: 46): we read images rather than feel the artefact; the hand becomes less 
important as the kinaesthetic and tactile sensitivity of hand skills is replaced with 
interpretations of representations; where the formal properties are partly in the 
representation and partly in the phenomenon represented. Form in the representa-
tion can be seen directly; in the same way as graphical language elements often 
present structure in a distinct way (graphic symbols, ‘boxes and lines’, indentation 
in texts). McCullough suggests that the activity of seeing the form in the phenom-
enon represented is analytical, and emphasizes representational aspects of the 
language (system architecture, logical structures such as class structures and hier-
archies of subclasses, interface properties).

Designing with digital (electronic) abstractions makes us focus on the quantifi-
able aspects of a phenomenon, and makes representations that can be subject to 
calculations and processing. Representations stand in for something else – but after 
some time, the original reference may be forgotten and the representation itself 
gains the status as the real thing (e.g. money). Working with representations is the 
work of interpretation and meaning-making.

Digital representations can also, however, be processed, presenting a model of 
the design result (Bjerknes and Bratteteig 1987). Laumann (2005) describes a pro-
cess of creating a recording of a song. He documents the states that the song goes 
through, including the manipulation of sounds on his pc by means of the recording 
studio software. He reads the visual representations of the sound and manipulates 
the visual representations, cutting and pasting different recordings into one in order 
to get the sound he wants on the final version to be printed as the record. The skill 
to read the sound visualisation can be compared to reading musical scores: he hears 
the sound from seeing the visualisation (Fig. 5.3).

The design processes result in material forms that cross the contexts of design 
and use – and cross the concretization and abstraction layers of a digital system. 
Barad (2003) discusses the relation between materiality and signification:

materiality is discursive (i.e., material phenomena are inseparable from the apparatuses of 
bodily production: matter emerges out of and includes as part of its being the ongoing 
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reconfiguring of boundaries), just as discursive practices are always already material (i.e., 
they are ongoing material (re)configurings of the world) (Barad 2003: 822).

Barad argues against the representationalism present in software engineering and 
other representational crafts. She bases her argumentation on Butler’s concept of 
‘becoming’ and insists that action and speaking are inseparable, that language is an 
act, and that we cannot not communicate (see also Winograd and Flores 1986). The 
meaning of an artefact includes both the conceptual and the material – what Barad 
(2007) calls material-discursive. Fujimura (1996) similarly discusses how scientific 
knowledge is translated into methods and tools in scientific practices. Digital mate-
rial is discursive-material composites, and new digital materials expand the bound-
aries of symbolic, representations and processes – we can dress in digital textiles, 
take digital medication, make 3D prints (Capjon 2004), get weather reports from 
opening a bottle or see the traffic density displayed as a shift in colour on our desk 
lamp (e.g. Ishii et al. 2001; Ishii and Ullmer 1997), and earn money in digital (vir-
tual) worlds. The symbolic representations become more haptic and the haptic 
more symbolic.

Digital Matters in Design

The concept ‘material’ comes from Latin materia: matter, and refers to the ‘ele-
ments, constituents, or substances of which something is composed or can be 
made’ (Webster 2008). ‘Matter’ means physical substance: ‘material substance 
that occupies space, has mass, and is composed predominantly of atoms consisting 
of protons, neutrons, and electrons, that constitutes the observable universe, and 
that is interconvertible with energy’. Matter, however, has a double meaning and 
refers also to facts. ‘Materiality’ refers to ‘the quality or state of being material’ 
(Webster 2008).

As a design material, the digital characterizes digital design. I have argued that 
digital material can be seen as concrete abstractions of processes, addressed at dif-
ferent levels of concretization. This view builds on seeing abstraction of processes 
as the basis in digital design (Hailperin et al. 1999). A levelled view also addresses 
the view that digital materials at the lowest level are electric voltages (Vallgårda and 

Fig. 5.3  Sound image of guitar recording: bounced recording on top, processed with Freeze 
Selected Tracks on bottom (Laumann 2005: 89, Fig. 10.21)
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Redström 2007), which at this level can be combined with other physical materials 
(like textiles) as computational composites. I also appreciate the view that a levelled 
view introduces a problem of distinguishing between materials and objects (Mazé 
and Redström 2005; Hallnäs and Redström 2006). Linking concretization levels 
with types of design enables us to acknowledge different kinds of design work 
ranging from nano-electronics to tailoring of systems to a specific organizational 
context (cf. Brand 1994).

However, we also should recognize that digital design often addresses different 
levels of concretization, and that a good design requires that we combine innovation 
at several levels (cf. the iPod/iTunes). The work of digital design is concerned with 
the building of working systems by imagining its use – not to be confused with the 
use perspective of the user in the use experience (see Mazé and Redström 2005). 
Digital design utilizes the properties of digital materials – building concrete 
abstractions of processes that fit use activities at the physical as well as on the 
symbolic level. The discursive-material nature of digital design changes the world 
in a material as well as a discursive sense. ‘Computer programs are unlike any other 
material, and the form of craftsmanship in software will surely be unique’ says 
Wroblewski (1991: 17). I agree with him that ‘[f]undamentally, the materials shape 
the craft’ (p. 17): digital design is profoundly shaped by the characteristics of the 
digital (Bratteteig 2004).

Digital design opens up for new possibilities and for things that embody these 
possibilities. The materials and tools we use in design influence which possibili-
ties we see and choose to realize. Design is thinking with materials, and the 
 discursive-material digital material brings the head and hand even closer to each 
other. Seeing digital design as thinking with concrete abstractions of processes, at 
different levels of concretizations as well as across them, suggests that digital 
designers should understand their material in a way that enable them to move 
between levels of concretization and choose the right abstraction for the actual 
design process as it evolves in time. The many levels of digital design open up 
for many different competencies being involved in imagining and building 
 possible futures.
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