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This collection of short expository, critical,
and speculative texts offers a field guide
to the cultural, political, social, and aes-
thetic impact of software. Computing and
digital media are essential to the way we
work and live, and much has been said
about their influence. But the very materi-
al of software has often been left invisible.
In Software Studies, computer scientists,
artists, designers, cultural theorists, pro-
grammers, and others from a range of dis-
ciplines each take on a key topic in the
understanding of software and the work
that surrounds it. These include algo-
rithms; logical structures; ways of thinking
and doing that leak out of the domain of
logic and into everyday life; the value and
aesthetic judgments built into computing;
programming’s own subcultures; and the
tightly formulated building blocks that
work to make, name, multiply, control, and
interweave reality.

The growing importance of software
requires a new kind of cultural theory that
can understand the politics of pixels or the
poetry of a loop and engage in the micro-
analysis of everyday digital objects. The
contributors to Software Studies are both
literate in computing (and involved in
some way in the production of software)
and active in making and theorizing cul-
ture. Software Studies offers not only
studies of software but proposes an agen-
da for a discipline that sees software as an
object of study from new perspectives.

Matthew Fuller is David Gee Reader in
Digital Media at the Centre for Cultural
Studies, Goldsmiths College, University of
London. He is the author of Media
Ecologies: Materialist Energies in Art and
Technoculture (MIT Press, 2005) and
Behind the Blip: Essays on the Culture of
Software.
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Interaction
Michael Murtaugh

Types of interaction can be categorized in a variety of ways. One popular sort 
of interaction consists of the user making choices, either textual or via a graph-
ical user interface: selecting items from a menu; typing bits of information 
into a form; moving a mouse; clicking;  double- clicking. The popularity of the 
web and hypertext has bound the idea of interaction to branching link struc-
tures. The word “interactive” has become so overused in relation to computing 
and new media that, for instance, Lev Manovich describes its use in relation to 
computing as “tautological” and takes care to qualify any employment of the 
word when unable to avoid it altogether.1

Interaction is also linked to a tradition of engineers, mathematicians, and 
software hackers looking for a way to break out of the rigidity and the strict-
ness of their systems—out, as it were, of the black box. Interaction in the 
1960s represented reaction against, and liberation from, the mainframe  batch-
 processing computer center. It proposed a radical usage of computers: giving 
(untrained) groups of users “live” contact with the machine.

Input Tape

An early proponent of this new approach to computation was J. C. R. Licklider, 
a researcher with a background in psychoacoustics. In the 1950s Licklider had 
access to the TX- 2, an experimental computer developed at MIT that, along 
with having a Cathode Ray Tube display, speaker, control knobs, and a light 
pen, was fully  transistor- based. The TX- 2 could be readily reprogrammed from 
its keyboard instead of requiring physical rewiring or the use of punchcards.2

It was on the TX- 2 that Ivan Sutherland would later develop his Sketchpad 
program, cited by many, including Licklider, as a groundbreaking demonstra-
tion of the potential for truly interactive software.3 Licklider describes the then 
“state of the art”:

Present- day computers are designed primarily to solve preformulated problems or 

to process data according to predetermined procedures. The course of the computa-

tion may be conditional upon results obtained during the computation, but all the 

alternatives must be foreseen in advance. If an unforeseen alternative arises, the whole 
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process comes to a halt and awaits the necessary extension of the program. . . . If the 

user can think his problem through in advance, symbiotic association with a comput-

ing machine is not necessary. . . One of the main aims of man- computer symbiosis 

is to bring the computing machine effectively into the formulative parts of technical 

problems.4

Licklider links interaction to a crucial shift from computer as  problem- solver 
to computer as  problem- fi nder or  problem- explorer in a space of necessarily 
unforeseen possibilities.

Writing in the 1980s, cybernetician Stafford Beer describes an algorithm 
as “a technique, or mechanism, which prescribes how to reach a fully specifi ed 
goal.” He contrasts this with the idea of a heuristic (method), a word derived 
from the adjective meaning “to fi nd out”:

An heuristic specifi es a method of behaving which will tend towards a goal which 

cannot be precisely specifi ed because we know what it is but not where it is. . . . The 

strange thing is that we tend to live our lives by heuristics, and try and control them 

by algorithms. Our general endeavour is to survive, yet we specify in detail (“catch the 

8.45 train,” “ask for a raise”) how to get to this unspecifi ed and unspecifi able goal. We 

certainly need these algorithms, in order to live coherently; but we also need heuris-

tics—and we are rarely conscious of them.5

Writing in the 1990s, computer science theorists Peter Wegner and Dina 
Goldin provide another description of an algorithm: “A systematic procedure 
that produces—in a fi nite number of steps—the answer to a question or the 
solution to a problem.6

Wegner and Goldin propose an alternative to the Turing Machine based 
around a unifying concept of interaction. In the classic formulation, a Tur-
ing machine is an idealized computer that reads and writes symbols from an 
endless tape and has a notion of “state,” allowing a program written in these 
symbols to control the operation of the machine. The rules for this particular 
model dictate that once the machine begins operation, no new input may be 
received, and it must be guaranteed to reach a fi nal state in a fi xed amount of 
time. In addition, the starting state for the machine is precisely specifi ed and 
must be identical each time the machine is started.

In contrast, Wegner and Goldin propose “interactive computation” based 
on “interaction with an external world, or the environment of the computa-
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tion, during the computation—rather than before and after it, as in algorith-
mic computation.7

In one alternative model called a Persistent Turing Machine, Wegner and 
Goldin describe a variation on the classic Turing machine, now with tapes. 
The crucial differences in this model are: (1) the use of an input and an output 
tape to interface with the dynamic environment of the machine, (2) the provi-
sion for a work tape that remembers results from previous operation, and (3) 
the allowance for the machine to run continuously (no requirement to reach a 
fi nal state). By writing to and subsequently reading from the environment, the 
potential for feedback occurs. It is, however, a noisy channel, as the environ-
ment is explicitly allowed to be unpredictable, and potentially acted upon by 
other processes. Allowing past operation to infl uence the starting state also in-
troduces a greater degree of uncertainty. Allowing indefi nite operation refl ects 
a more  heuristic- driven approach as a result may be “tended towards” without 
necessarily being defi nitively reached.

By explicitly representing a place “outside” of the machine, Wegner and 
Goldin show that the resulting model is more expressive, able to describe ma-
chines that are not possible to fully represent as traditional Turing machines. 
In addition, they show how such a model fi ts much more readily with the 
realities of contemporary computation such as operating systems, networked 
software, and portable devices.8

Wegner and Goldin point out that Turing himself acknowledged other 
potential models that might include human interaction (choice- machines) or 
other external inputs (oracle- machines).9

Talking to to Stuart Brand in the 1980s, Andy Lippmann, director of an early 
experimental videodisc called the Aspen Movie Map, provided the following work-
ing defi nition of interactivity: “Mutual and simultaneous activity on the part of 
both participants usually working toward some goal, but not necessarily.”10

The Aspen Movie Map was an attempt to recreate the experience of exploring 
a city by virtually driving through the city’s streets, selecting points of inter-
est along the way to view in depth. The challenge for Lippman and the other 
designers of the project was to realize that goal within the extreme limitations 
of a static and limited storage medium.

Lippman describes fi ve “corollaries” or properties he felt were necessary to 
add to this to attain true interactivity: interruptibility; graceful degradation; 
limited look- ahead (not pre- computed); no default pathway, and; the “impres-
sion of an infi nite database.”11
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Work Tape

Surveying these different perspectives, some themes seem to emerge as central 
to interaction in relation to computation: liveness, plasticity and accretion, in-
terruption and incompleteness.

Liveness
A key recurrent theme in interactivity is liveness. Licklider states that a cen-
tral aim for  human- computer symbiosis is “to bring computing machines ef-
fectively into processes of thinking that must go on in ‘real time.’” Lippman’s 
“limited look ahead,” the importance of computational decisions happening 
“on the fl y” is paralleled by Wegner and Goldin’s notion of noncomputability, 
the idea that not all possible pathways can be precomputed.

The idea of the “infi nite database” is the subjective counterpoint to this 
noncomputability and liveness of the system: the feeling that there are infi nite 
possibilities to explore. A result of this liveness is that an interactive system is 
one that supports a sense of playing or performing with the system.

An important consequence of liveness is that interaction always occurs over 
time. In black box computation, time is neglible—the only requirement is 
that computation completes in a fi nite time. There is no sense of the “mutual” 
or simultaneous in algorithmic computation, all computation is completed 
before any results are passed on to the next process.

Interaction always involves simultaneity, as computation occurs iteratively 
through feedback to a shared and changing environment. Designing with in-
teraction requires a sensitivity to the timing of the processes involved.

Plasticity and Accretion
Licklider, formulating the idea of the computer as a communication device uses 
the term “cooperative modeling,” writing, “Creative, interactive communica-
tion requires a plastic or moldable medium that can be modeled, a dynamic me-
dium in which premises will fl ow into consequences, and above all a common 
medium that can be contributed to and experimented with by all.”12

Lippmann’s notions of interruptibility and graceful degradation express the 
desire for a kind of plasticity to the experience; the participant can push with-
out breaking the system.

The idea of malleability and plasticity connects back to the central role of 
persistence in Wegner and Goldin’s interactive computation. The fact that 
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the computation “holds its shape” in some sense requires that the interaction 
have some lasting effect (if only  short- term). Interaction includes the poten-
tial for processes to improve or evolve with accretion. The lack of a fi xed start-
ing state or default pathway underscores the importance of accretion to the 
computation.

Interruption and Incompleteness
For Lippman, it is the potential for interruption that keeps a conversation from 
becoming merely a lecture. In Wegner and Goldin’s interactive computation, it 
is in the noisy channel of the environment that interuption potentially occurs. 
The environment of the computation serves as the interface between the various 
processes, be they purely computational or the result of human intervention.

The desire for graceful degradation relates to the idea that the computation 
must not only be open to unpredictable input, but should use it well.

Models of the real world and even of integers sacrifi ce completeness in or-
der to express autonomous (external) meanings. Incompleteness is a necessary 
price to pay for modeling independent domains of discourse whose semantic 
properties are richer than the syntactic notation by which they are modeled.13

The components of an interactive system are inherently incomplete. Inter-
action always involves a tension between autonomous operation and  cross-
 infl uence of a system’s parts. The challenge for authors is to design processes 
that tend to steer the system toward desirable states rather than hard coding 
those states. An interactive process exploits its environment in order to fully 
realize its own functionality.

Output Tape

For the software designer, programming with interaction involves seeking a 
kind of magical moment of transformation, a moment when one begins to get 
back more than what was put in; an unexpected moment when the system 
seems not only just to work, but to almost come to life; a moment when what 
had previously been a noisy mess of buggy half- working mechanisms seems to 
fl ow together and become a kind of organic whole.

The elusive chase for this kind of transformative moment is the essential 
reason why geeks keep banging away at their keyboards, deep into the night, 
deprived of sleep and propped up by caffeine and sugar and the adrenaline of 
the experience of feeling in contact with something larger than oneself.
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Interaction rips computation out of the clean room of the algorithm and 
thrusts it into the tainted and unpredictable space of dynamic and shared 
environment.

Interaction forces a rethinking of algorithmic approaches toward those that 
perform a kind of dance alternating between active computation and respon-
sive strategies to a changing environment.

Embracing interaction requires the programmer or designer to break open 
the black boxes of algorithmic processes and acknowledge the incompleteness 
of what they create in the pursuit of experiences that are playful, insightful, 
and potentially surprising.
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