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Abstract
Distributed cognition is a theoretical approach that is concerned with the interactions between
people, artifacts and both internal and external representations. Rather than focusing
exclusively on an individual’s internal cognitive processes, that traditional cognitive
approaches do, it focuses on the processes that take place in an extended ‘cognitive system’.
These include verbal and non-verbal behavior, the coordinating mechanisms used by social
actors, the forms of communication that take place and the way tacit and explicit knowledge
is shared and accessed. One major benefit is the explication of the complex interdependencies
between people, artifacts and technological systems that can be often overlooked when using
traditional theories of cognition.

Keywords
Distributed cognition, verbal communication, cognitive science, representations,
ethnographic studies, collaborative work, coordination, knowledge, distributed
problem solving.

The distributed cognition approach was developed by Hutchins and his colleagues in
the mid to late 80s as a new paradigm for conceptualising cognition (Hutchins, 1995).
Its theoretical and methodological bases are derived from the cognitive sciences,
cognitive anthropology and the social sciences. The focus is on explicating cognitive
systems, which are the interactions between people, artifacts and both internal and
external representations. Rather than focusing exclusively on an individual’s internal
cognitive processes, that traditional cognitive approaches do, it focuses on the
processes that take place in an extended cognitive system. 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 scientists have
historically created. One major benefit is the explication of the complex
interdependencies between people, artifacts and technological systems that can be
often overlooked when using traditional theories of cognition.

Hutchins argues that what is problematic with the classical cognitive science approach
is not its conceptual framework per se, but its frame of reference being only the
mental processes that occurs within an individual. He suggests that the same
conceptual framework be applied to larger ‘cognitive systems’, namely, those where
there are multiple people interacting with each other and a range of artifacts to
perform an activity. Part of the rationale for this extension is that, firstly, Hutchins
believes it is possible to determine the processes and properties of such cognitive
systems more reliably – since they can be observed directly in ways not possible
inside a person’s head – and, secondly, they may actually be different and thus unable
to be reduced to the cognitive properties of an individual.
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Thus, distributed cognition continues to use concepts derived from traditional
cognitive theories of the mind (i.e., representations, processes), but applies them to
cognitive systems at large, notably, the interactions between people and the artifacts
they use for a given activity. In addition, other concepts derived from the social
sciences are utilized to account for the socially distributed cognitive phenomena.
These include notions such as inter-subjectivity, organizational learning and the
divison of labor.

Cognitive systems that consist of more than one individual have properties that differ
from the individuals that participate in them (Hutchins, 1995). For example,
individuals working together on a collaborative task 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, individuals in a cognitive system
have overlapping and shared access to knowledge that enables them to be aware of
what others are up to. This enables the coordination of expectations to emerge that in
turn form the basis of coordinated action (e.g., glancing and nodding at someone to
signal it is their turn to do something rather than explicitly asking or telling them).

To reveal the properties and processes of a particular cognitive system involves
conducting an in-depth ethnographic study of a setting, paying close attention to the
activities of people, their communications with each other and their interactions with
different media. These are conceptualized in terms of ‘the propagation of
representational state across media’. The propagation of representational state refers
to how information is transformed during the conduct of an activity. The media refer
to both internal (e.g., an individual’s memory) and external representations (including
both computer and paper-based displays.). So, for example, the information displayed
by a computer system transforms its state in response to an operator keying in a
command. To analyse how the various representational states are propagated,
attention is focused on the transformations of information between the different
media. For example, consider the activity of flying to a higher altitude in a plane that
takes place through the coordinated activity of an air traffic controller, a co-pilot and a
pilot. The air traffic controller tells the co-pilot over the radio when it is safe to fly to
a higher altitude. This is an instance of a propagation of representational state,
involving verbal communication. The co-pilot then alerts the pilot, who is flying the
plane, by moving a knob on the instrument panels in front of them, indicating that it is
now safe to fly. This is the next step of the propagation of representational state, but
this time in terms of a physical change in the position of an instrument.

In addition to this level of analysis, the distributed cognition approach involves
explicating:
• the distributed problem-solving that takes place (including the way people work
together to solve a problem)
•  the role of verbal and non-verbal behavior (including what is said, what is implied
by glances, winks, etc. and what is not said)
• the various coordinating mechanisms that are used (e.g., rules, procedures)
• the various ways communication takes place as the collaborative activity progresses.
• how knowledge is shared and accessed
An important aspect is to identify the problems, breakdowns and the concomitant
problem-solving processes that emerge to deal with them. The analysis can also be
used to predict what would happen to the way information is propagated through a
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cognitive system using a different arrangement of technologies and artifacts and what
the consequences of this would be for the current work setting.

A much quoted example of an extensive distributed cognition analysis is the
navigation of a ship (Hutchins, 1995). Here, the focus is on the cognitive and
communication processes that take place when steering a ship into harbor. 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 harbor at regular intervals of three minutes. It is a highly
routinized activity, requiring the complex coordination of people and artifacts - all of
which is crucial for ensuring the ship is on course. He 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”.

The distributed cognition approach has been used to analyze collaborative work
practices for a number of different application areas, including cockpits (Hutchins &
Klausen, 1996), call centers (Ackerman & Halverson, 1998), control centers (Garbis
& Waern, 1999), software teams (Flor & Hutchins, 1992) and design and engineering
teams (Perry, 1997; Rogers, 1992). More recently, Hutchins and his colleagues
(Hollan et al., 2000) have set an agenda explaining how distributed cognition can be
applied to wider contexts. In particular, they maintain it is well suited both to
understanding the complex networked world of information and computer-mediated
interactions and to informing the design of digital work materials and collaborative
workplaces. Others have also shown how the approach can be adapted for more
applied concerns. Kirsh (2004) and Rogers and Brignull (2003), for example, have
recently shown how ideas from distributed cognition can be used to inform the design
of interactive multimedia applications and new physical workspaces. The distributed
cognition approach has also been used as a basis for a user modeling technique,
known as the ‘resources model’ (Wright et al., 2000). It provides a method for
analyzing and comparing how interfaces work through identifying the way different
interaction strategies exploit different information structures as resources for action.
It has been particularly useful for showing the limitations and problems of poorly
designed dialog-based interfaces that assume too much on behalf of the user as to
know what to do next.

In sum, the distributed cognition approach seeks to explicate the complex
interdependencies between people and artifacts in their work activities, of which an
important part is identifying the problems, breakdowns and the distributed problem-
solving processes that emerge to deal with them. In so doing, it provides multi-level
accounts, weaving together “the data, the actions, the interpretations (from the
analyst), and the ethnographic grounding as they are needed” (Hutchins & Klausen,
1996, p.19).



To appear in Encyclopedia of Language and Linguistics (2nd ed.)

Bibliography

1. Ackerman, M. S. & Halverson, C.A. (1998). ‘Considering an Organization's
Memory.’ In Proceedings of the ACM Conference on Computer Supported
Cooperative Work (CSCW '98), New York: ACM, 39-48.

2. Flor, N.V. & Hutchins, E. (1992). ‘Analyzing Distributed Cognition in
Software Teams: a Case Study of Collaborative Programming During
Adaptive Software Maintenance.’ In Koenemann-Belliveau, J., Moher, T., &
Robertson, S (eds.) Empirical Studies of Programmers: Fourth Workshop,
Norwood, NJ: Ablex.

3. Garbis, C. & Waern, Y. (1999). ‘Team Co-ordination and Communication in a
Rescue Command Staff - The Role of Public Representations.’ Le Travail
Humain 62 (3), 273-291.

4. Halverson, C.A. (1995). ‘Inside the cognitive workplace: new technology and
air traffic control’. Unpublished PhD Thesis. Department of Cognitive
Science, University of California, San Diego.

5. Halverson, C.A. (2002). ‘Activity theory and distributed cognition: Or what
does CSCW need to DO with theories?’ CSCW 11, 243-275.

6. Harris, S. (2004). ‘Distributed Cognition’.
http://www.slis.indiana.edu/faculty/yrogers/dist_cog/

7. Hazelhurst, B.L. (1994). ‘Fishing for Cognition: An ethnography of fishing
practice in a community on the west coast of Sweden.’ Unpublished PhD
Thesis. Department of Cognitive Science, University of California, San Diego.

8. Hollan, J., Hutchins, E. & Kirsch, D. (2000). ‘Distributed Cognition: Toward a
New Foundation for Human-Computer Interaction Research’ A C M
Transactions on Computer-Human Interaction 7 (2), 174-196.

9. Hutchins, E. (1991). ‘Organizing Work by Adaptation.’ Organizational
Science 2, 14-39.

10. Hutchins, E. (1995). Cognition in the Wild. Mass: MIT Press.

11. Hutchins, E. (1995). ‘How a cockpit remembers its speed.’ Cognitive Science
19, 265-288.

12. Hutchins, E. & Klausen, T. (1996). ‘Distributed Cognition in an Airline
Cockpit’. In Middleton, D & Engeström, Y. (eds.). Communication and
Cognition at Work. Cambridge: Cambridge University Press, 15-34.

13. Hutchins, E. & Palen. L. (1997). ‘Constructing meaning from space, gesture,
and speech.’ In Resnick, L.B., Saljo, R., Pontecorvo, C. & Burge, B. (Eds.)
Discourse, Tools, and Reasoning: Essays on Situated Cognition. Heidelberg,



To appear in Encyclopedia of Language and Linguistics (2nd ed.)

Germany: Springer-Verlag, 23-40.

14. Kirsh, D. (1999). ‘Distributed Cognition, Coordination and Environment
Design.’ In Proceedings of the European Conference on Cognitive Science,
LEA. 1-11.

15. Kirsh, D. (2004). ‘Metacognition, Distributed Cognition and Visual Design.’
In Gardinfas, P. & Johansson, P. (eds.) Cognition, Education and
Communication Technology, Lawrence Erlbaum.

16. Latour, B. (1996). ‘Review of E. Hutchin’s Cognition in the Wild.’ Mind,
Culture and Activity 3 (1,) 54-63.

17. Nardi, B.A. (1996). ‘Studying Context: A Comparison of Activity Theory,
Situated Action Models and Distributed Cognition.’ In Nardi, B. (ed.) Context
and Consciousness: Activity Theory and Human-Computer Interaction. MIT
Press.

18. Nardi, B.A. (2002). ‘Coda and response to Christine Halverson.’ CSCW 11,
269-275.

19. Nickerson, R.S. (1993). ‘On the distribution of cognition: some reflections.’ In
Saloman, G. (ed.) Distributed Cognitions. Cambridge: CUP.

20. Perry, M. (1997). Distributed cognition and computer supported collaborative
design:  the organisation of work in construction engineering. Unpublished
PhD Thesis. DISC, Brunel University, UK.

21. Perry, M. (2003). ‘Distributed Cognition’ In Carroll, J. M. (ed.) HCI Models,
Theories and Frameworks: Toward a multidisciplinary science. San
Francisco: Morgan Kaufmann, 194-233.

22. Rogers, Y. (1992). ‘Ghosts in the Network: Distributed Troubleshooting in a
Shared Working Environment.’ In Proceedings of the Conference on
Computer-Supported Cooperative Work, Turner, J. & Kraut, R. (eds.) New
York: ACM, 346-355.

23. Rogers, Y. (1993). ‘Coordinating computer-mediated work.’ Computer-
Supported Cooperative Work 1, 295-315.

24. Rogers, Y. (2004). ‘New Theoretical approaches for Human-Computer
Interaction.’ Annual Review of Information, Science and Technology 38, 87-
143.

25. Rogers, Y. & Ellis, J. (1994). ‘Distributed Cognition: an alternative
framework for analysing and explaining collaborative working.’ Journal of
Information Technology 9(2), 119-128.

26. Ross, S., Ramage, M., & Rogers, Y. (1995). ‘PETRA: Participatory
Evaluation Through Redesign and Analysis’, Interacting with Computers 7,
335-360.



To appear in Encyclopedia of Language and Linguistics (2nd ed.)

27. Rogers, Y. & Brignull. H. (2003). ‘Computational offloading: Supporting
distributed team working through visually augmenting verbal
communication.’ In Proceedings of the 25th Annual Cognitive Science Society
Conference, Boston.

28. Scaife, M. & Rogers, Y. (1996). ‘External cognition: how do graphical
representations work?’ International Journal of Human-Computer Studies 45,
185-213.

29. Wright, P.C., Fields, R.E. & Harrison, M.D. (2000). ‘Analysing human-
computer interaction as distributed cognition: the resources model’. Human
Computer Interaction, 15 (1), 1-42.

30. Zhang, J. & Norman, D. (1994). ‘Representations in Distributed Cognitive
Tasks.’ Cognitive Science 18, 87-122.


