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Summary
Distributed Cognition is a hybrid approach to studying all aspects of cognition, from a
cognitive, social and organisational perspective. The most well known level of analysis is
to account for complex socially distributed cognitive activities, of which a diversity of
technological artefacts and other tools and representations are an indispensable part.

History and Background
The Distributed Cognition (dcog) approach was developed by Ed Hutchins ad his
colleagues at University California, San Diego in the mid to late 80s as a radically new
paradigm for rethinking all domains of cognitive phenomena. The traditional view of
cognition is that it is a localised phenomenon that is best explained in terms of
information processing at the level of the individual. In contrast Hutchins was making the
claim that cognition is better understood as a distributed phenomenon.
The theoretical and methodological base of the distributed cognition approach derives
from the cognitive sciences, cognitive anthropology and the social sciences.

Explanation
Cognitive phenomena that the distributed cognition approach is concerned with cover a
wide spectrum; from analysing the properties of processes of a system of actors
interacting with each other and an array of technological artefacts to perform some
activity (e.g. flying a plane) to analysing the properties and processes of a brain activity
(e.g. perceiving depth). To date, however, most attention has focused on cognitive
systems of work practices, like cockpits (Hutchins and Klausen), air traffic control
(Halverson), software teams (Flor) and engineering (Rogers).

The Distributed Cognition approach emphasises the distributed nature of cognitive
phenomena across individuals, artefacts and internal and external representations in terms



of a common language of 'representational states' and 'media'. In so doing, it dissolves the
traditional divisions between the inside/outside boundary of the individual and the
culture/cognition distinction that anthropologists and cognitive psychologists have
historically created. Instead, it focuses on the interactions between the distributed
structures of the phenomena that is under scrutiny.

A main point of departure from the traditional cognitive science framework is that, at the
'work setting' level of analysis, the distributed cognition approach aims to show how
intelligent processes in human activity transcend the boundaries of the individual actor.
Hence, instead of focusing on human activity in terms of processes acting upon
representations inside an individual actor's heads the method seeks to apply the same
cognitive concepts, but this time, to the interactions among a number of human actors and
technological devices for a given activity. In addition, other concepts coming from the
social sciences are utilised to account for the socially-distributed cognitive phenomenon.
These include notions like intersubjectivity, organisational learning and the distribution
of labour.

At the brain level of analysis, the distributed cognition approach tries to account for the
interactions that occur in the brain between the processing units at the neural level. For
example, Hutchins cites how Hinton and Becker built a computational model that shows
how two visual modules are able to share a representation of a visual world in such a way
that through their interaction they can recover depth, something that neither can sense
alone. On the surface, this level of analysis appears to have little in common with an
analysis of the social and cultural practices of, a working practice, like air traffic control.
However, Hutchins argues that the same maths that is used to construct computational
models of the former can also be applied to cultural-cognitive mechanisms in the latter
(e.g. modeling the interactions between brain areas and the social practices between
communities but at different levels of integration).

Within the distributed cognition framework, therefore, one can adopt different units of
analysis, to describe a range of cognitive systems, whereby some subsume others
(Hutchins, 1995). One can focus on the processes of an individual, on an individual in
coordination with a set of tools or on a group of individuals in interaction with each other
and a set of tools. At each level of description of a cognitive system, a set of cognitive
properties can be identified; these properties can be explained by reference to processes
that transform states inside the system.

Within each system, cognitive activities are viewed as computations which take place via
the "...propagation of representational state across media" within a functional system,
whereby the 'representational media may be inside as well as outside the individuals
involved". (Hutchins, 1995, p. 373). Hence, the media refer to both internal (e.g. an
individual's memory) and external representations (maps, charts, computer database,
scribbles etc.). The states of the representation refer to how the various resources of
knowledge and information are transformed in the conduct of an activity.



General Properties of Cognitive Systems
A general assumption of the distributed cognition approach is that cognitive systems
consisting of more than one individual have cognitive properties that differ from those
individuals that participate in those systems.

Another property is that the knowledge possessed by members of the cognitive system is
both highly variable and redundant. Individuals working together on a collaborative task
are likely to possess different kinds of knowledge and so will engage in interactions that
will allow them to pool the various resources to accomplish their tasks. In addition much
knowledge is shared by the individuals, which enables them to adopt various
communicative practices (e.g. not having to spell out every time they meet someone what
they know about a practice, procedure or state of affairs).

Another important property is the distribution of access to information in the cognitive
system. Sharing access and knowledge enables the coordination of expectations to
emerge which in turn form the basis of coordinated action.

Examples
i) Hutchins (1995) study of navigation on a ship
An example provided by Hutchins (1995) of a distributed cognition analysis of a
cognitive system is the navigation of a ship. Here, his focus is on the cultural-cognitive
processes that take place when steering a ship into harbour. At a micro-level of analysis,
Hutchins describes the detailed coordination of representational states across media that
take place for the relatively simple, but critical coordinating activity of plotting a fix. This
involves several members of the navigation team taking and plotting bearings of the ship
as it comes into the harbour at regular intervals of every 3 minutes or so. It is a highly
routinized activity, requiring the complex coordination of people and artefacts - all of
which is crucial for ensuring the ship is on course. At a macro level of analysis, Hutchins
also describes how these coordinated activities of plotting a fix provide a structured
experience for the team members enabling more generally, individual learning of
procedures and the cultural practices of the navy. As noted by Hutchins (1995, p374):
"...since most learning in this setting happens in the doing, the changes to internal media
that permit them to be coordinated with external media happen in the same processes that
bring the media into coordination with one another. The changes to the quartermasters'
skills and the knowledge produced by this process are the mental residua of the process".
Hutchins goes into great detail analysing how the various representational state are
propagated across media for this collective navigation activity and in so doing show how
'the properties of this computational system are as much determined by the nature of the
representational media and the pattern of interconnection among representations as they
are by the cognitive properties of the individual actors". (Hutchins, 1992, p.2).

This distinction is critical for the distributed cognition approach, emphasising again the
importance of focusing on the distribution of cognition through analysing the interactions
between the different 'components' (i.e. the changes in representational state) of the
system over time and place.



2) Hutchins and Klausen (1996) study of cognition in the cockpit
The study analyses the interactions of internal and external representational structure and
the distribution of cognitive activity among members of a cockpit flight crew. The
analysis shows a pattern of cooperation and coordination of actions among the crew
which is viewed at one level as a structure for propagating and processing information
and at another level a system of activity in which shared cognition emerges.

3) Rogers (1992, 1993) study of engineering practice
Rogers carried out a study of how networking technology has changed the working
practices of an engineering company. Through doing a Distributed Cognition analysis she
was able to reveal various breakdowns that occurred in the work activities and the
mechanisms by which the group had adapted their working practice to overcome them.

4) Halverson's (1995) study of air traffic control
Halverson carried out a study of how air traffic controllers interact with a radar system
when controlling air traffic. From her observations and analysis she was able to make
recommendations of what was important to retain of the existing design with a view
towards developing future automated decision-making tools for the controllers.

Methodology
The distributed cognition approach uses a number of methods: from detailed analysis of
video and audio recordings of real life events, to neural network simulations and
laboratory experiments. The type of methodology adopted depends on the unit of analysis
that is being adopted and the level at which the cognitive system is being explained.

For cognitive systems that are being described at the 'work setting' level it is imperative
to carry out extensive field work and become familiar with the work practice. This entails
observing the work, making copious field notes, recording events and then transcribing
and encoding these. An important part of this kind of ethnographic analysis is re-
representing the raw data collected at different levels of abstraction and detail, focusing
on the changes in representational state in the cognitive system. Theoretical analyses are
also carried out in relation to the assumed properties of distributed cognitive systems.

Discussion
One of the key questions often asked about the distributed cognition approach is how
does it differ from a traditional cognitive science explanation of human activity.
Furthermore, what leverage is gained from giving an account of collaborative activities in
terms of 'propagation of representational state across media'? In support of the distributed
cognition approach it can be said that it provides a framework and analytic methodology
for examining the interactions between people and artefacts which is not possible with
traditional approaches to cognitive task analyses. In doing so, it can highlight the
complex interdependencies between people and between people and artefacts in their
collaborative activities, which in turn, can lead to a better understanding of why



seemingly trivial breakdowns in the communications and interactions between them can
have significant and sometimes drastic consequences.

A problem with the distributed cognition approach is that it is not a methodology that one
can readily pick off the shelf and apply to a design problem. Moreover it is no panacea
for CSCW or HCI. A lot of time needs to be spent understanding the concepts and
learning to interpret and re-represent data captured in work settings. For example, a
tremendous amount of time can be spent analysing just a 2 second clip of video. One
might reasonably ask is it worth it? Is there a more pragmatic approach to using the
framework for applied means?

A challenge for the distributed cognition approach, therefore, is how to integrate concepts
from the social and organisational sciences with the cognitive analysis of
'representational states'. In particular, it is difficult to combine macro-level theories, such
as organisational learning, with micro-level detailed descriptions of the intersubjectivity
that goes on between two people during a two second encounter. The goal is to find an
appropriate level of analysis and explanatory description for the problem that is being
addressed.

Application to CSCW
Whilst primarily a framework for providing an explanatory account of distributed
cognition, the distributed cognition approach has great potential for being applied to
CSCW. Rogers and Halverson (1995, 1996) have given tutorials with this endeavour in
mind at ECSCW'95 (Stockholm) and CSCW'96 (Boston). At one level, it can be very
useful in identifying problems with existing work practices and use of technological
artefacts. At another, it can highlight what is salient and important in existing system
designs, that needs to be retained in subsequent designs intended to augment, enhance or
replace current systems and ways of working.
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