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Extended cognition is the view that mental processes and mind extend beyond 
the body to include aspects of the environment in which an organism is 
embedded and the organism's interaction with that 
environment.[1] Cognition goes beyond the manipulation of symbols to include 
the emergence of order and structure evolving from active engagement with the 
world.[2] As described by Mark Rowlands, mental processes are:[3] 

 Embodied involving more than the brain, including a more general 
involvement of bodily structures and processes. 

 Embedded functioning only in a related external environment. 

 Enacted involving not only neural processes, but also things an 
organism does. 

 Extended into the organism's environment. 

This contrasts with the view of the mind as a processing center that creates 
mental representations of reality and uses them to control the body's behaviour. 
The field of extended cognition focuses upon the processes involved in this 
creation, and subsumes these processes as part of consciousness. which is no 
longer confined to the brain or body, but involves interaction with the 
environment. At a 'low' level, like motor learning and haptic perception,[4] the 
body is involved in cognition, but there is a 'high' level where cultural factors 
play a role.[5][6] This view of cognition is sometimes referred to as ‘enaction’ to 
emphasise the role of interplay between the organism and its environment and 
the feedback processes involved in developing an awareness of, and a 
reformation of, the environment.[7] 
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The paper The Extended Mind by Andy Clark and David Chalmers (1998) [1] is a 
seminal work in the field of extended cognition. In this paper, Clark and 
Chalmers present the idea of active externalism (similar to semantic or 
"content" externalism), in which objects within the environment function as a 
part of the mind. They argue that it is arbitrary to say that the mind is contained 
only within the boundaries of the skull. The separation between the mind, the 
body, and the environment is seen as an unprincipled distinction. Because 
external objects play a significant role in aiding cognitive processes, the mind 
and the environment act as a "coupled system". This coupled system can be seen 
as a complete cognitive system of its own. In this manner, the mind is extended 
into the external world. The main criterion that Clark and Chalmers list for 
classifying the use of external objects during cognitive tasks as a part of an 
extended cognitive system is that the external objects must function with the 
same purpose as the internal processes. 

In The Extended Mind, a thought experiment is presented to further illustrate 
the environment's role in connection to the mind. The fictional characters Otto 
and Inga are both travelling to a museum simultaneously. Otto has Alzheimer's 
Disease, and has written all of his directions down in a notebook to serve the 
function of his memory. Inga is able to recall the internal directions within her 
memory. In a traditional sense, Inga can be thought to have had a belief as to 
the location of the museum before consulting her memory. In the same manner, 
Otto can be said to have held a belief of the location of the museum before 
consulting his notebook. The argument is that the only difference existing in 
these two cases is that Inga's memory is being internally processed by the brain, 
while Otto's memory is being served by the notebook. In other words, Otto's 
mind has been extended to include the notebook as the source of his memory. 
The notebook qualifies as such because it is constantly and immediately 
accessible to Otto, and it is automatically endorsed by him. 

Going further, the authors ask and answer their own question about the role of 
enculturation: 

"And what about socially-extended cognition? Could my mental states be 
partly constituted by the states of other thinkers? We see no reason why 
not, in principle." 

They bring up the recurrent theme of the role of language: 
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"The major burden of the coupling between agents is carried by 
language...Indeed, it is not implausible that the explosion of intellectual 
development in recent evolutionary time is due as much to this 
linguistically-enabled extension of cognition as to any independent 
development in our inner cognitive resources." 

 

Background 

The "extended mind" is an idea in the field of philosophy of mind, often 
called extended cognition, which holds that the reach of the mind need 
not end at the boundaries of skin and skull. Tools, instrument and other 
environmental props can under certain conditions also count as proper 
parts of our minds. Closely related topics often conjoined with the idea 
of "extended mind" are situated cognition, distributed cognition, 
and embodied cognition. 
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The extended mind thesis (EMT) says that an agent's mind and associated 
cognitive processing are neither skull-bound nor even body-bound, but extend 
into the agent's world.[1] As Clark and Chalmers see it: 

Where does the mind stop and the rest of the world begin?...We propose to 
pursue... an active externalism, based on the active role of the environment in 
driving cognitive processes. 

— Andy Clark and David Chalmers: "The Extended Mind"[2] 

The question is raised as to the division point between the mind and the 
environment. The EMT proposes that some objects in the external environment 
are utilized by the mind in such a way that the objects can be seen as extensions 
of the mind itself. Specifically, the mind is seen to encompass every level of the 
cognitive process, which will often include the use of environmental aids. 

 

Criticism 

Philosophical arguments against the extended mind thesis include that:[3] 

1. When focusing on cognition, the thesis confuses claims about what is 
constitutive about the concept of cognition with claims about causal 
influences on cognition (the "causal-constitutional fallacy"), for example, 
Adams and Aizawa (2010) ask "Question: Why did the pencil think that 2 
+ 2 = 4?, Clark’s Answer: Because it was coupled to the mathematician"; 

2. It stretches the limits of our ordinary concept of cognition too far 
("cognitive bloating") potentially implying that everything on the internet 
is part of individual cognitive systems; 

3. It uses a coarse-grained functionalism about the mind that ignores 
plausible differences between internal and external processes, such as 
differences between beliefs and external props and devices; or for 
creating a notion of cognition too heterogeneous to make up a scientific 
natural kind. 

Each of these arguments is addressed in Clark (2008), in which he notes that:[4] 

1. While coupling is important for cognition, that is not to say that it is 
sufficient - the coupling must play a functional role in cognition. Many 
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couplings do not do so and thus would not be 'extensions' (and this is 
consistent with a strong extended mind thesis). 

2. If we take any putative part of a system – internal or external – is unlikely 
to yield “cognition”, thus examples such as calculators, pencils, should be 
considered in parallel with neural regions. Simply looking at the part is 
not enough for cognition. 

3. One can imagine circumstances under which a biological being might 
retain information in non-neural ways (suggesting a Martian with a 
bitmap based memory, or humans with prosthetics to support memory), 
thus being neural cannot be a necessary condition for being cognitive. 

While in Supersizing the Mind, Clark defends a strong version of the hypothesis 
of extended cognition (contrasted with a hypothesis of embedded cognition) in 
other work, some of these objections have inspired more moderate 
reformulations of the extended mind thesis. Thus, the extended mind thesis may 
no longer depend on the parity considerations of Clark and Chalmers' original 
argument but, instead, emphasize the "complementarity" of internal and 
external elements of cognitive systems or processes. This version might be 
understood as emphasizing the explanatory value of the extended mind thesis 
for cognitive science rather than maintaining it as an ontological claim about the 
nature of mind or cognition. [4] 
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Distributed cognition is an approach to cognitive science research that deploys 
models of the extended mind (see, for example, the paper The Extended Mind) 
by taking as the fundamental unit of analysis “a collection of individuals and 
artefacts and their relations to each other in a particular work practice” (Rogers 
and Ellis, 1994 ). “DCog” is a specific approach to distributed cognition (distinct 
from other meanings[1]) which takes a computational perspective towards goal-
based activity systems.[2] Dcog frameworks employed were originally developed 
in the mid-1980s by Edwin Hutchins, who continues to be the leading pioneer 
and whose research is based at the University of California at San Diego. 

Using insights from sociology, cognitive science, and the psychology 
of Vygotsky (cf. cultural-historical psychology) it emphasizes the ways that 
cognition is off-loaded into the environment through social and technological 
means. It is a framework for studying cognition rather than a type of cognition. 
This framework involves the coordination between individuals, artifacts and the 
environment. According to Zhang & Norman(1994),[3] the distributed cognition 
approach has three key components: 

1. Embodiment of information that is embedded in representations of 
interaction 

2. Coordination of enaction among embodied agents 

3. Ecological contributions to a cognitive ecosystem 

‘Dcog’ studies the “propagation of representational states across media” 
(Rogers and Ellis, ibid.). Mental content is considered to be non-reducible to 
individual cognition and is more properly understood as off-loaded and 
extended into the environment, where information is also made available to 
other agents (Heylighen, Heath, & Overwalle, 2003). It is often understood as an 
approach in specific opposition to earlier and still prevalent “brain in a vat” 
models which ignore “situatedness, embodiment and enaction” as key to any 
cognitive act (Ibid.). 

These representation-based frameworks consider distributed cognition as “a 
cognitive system whose structures and processes are distributed between 
internal and external representations, across a group of individuals, and across 
space and time” (Zhang and Patel, 2006). In general terms, they consider a 
distributed cognition system to have two components: internal and external 
representations. In their description, internal representations are knowledge 
and structure in individuals’ minds while external representations are 
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knowledge and structure in the external environment (Zhang, 1997b; Zhang and 
Norman, 1994). 

DCog studies the ways that memories, facts, or knowledge is embedded in the 
objects, individuals, and tools in our environment. DCog is a useful approach for 
(re)designing the technologically mediated social aspects of cognition by putting 
emphasis on the individual and his/her environment, and the media channels 
with which people interact, either in order to communicate with each other, or 
socially coordinate to perform complex tasks. Distributed cognition views a 
system of cognition as a set of representations propagated through specific 
media, and models the interchange of information between these 
representational media. These representations can be either in the Mental 
space of the participants or external representations available in the 
environment. 

These interactions can be categorized into three distinct types of processes: 

1. Cognitive processes may be distributed across the members of a social 
group. 

2. Cognitive processes may be distributed in the sense that the operation of 
the cognitive system involves coordination between internal and external 
(material or environmental) structure. 

3. Processes may be distributed through time in such a way that the 
products of earlier events can transform the nature of related events. 

 

Early research 

John Milton Roberts thought that social organization could be seen as cognition 
through a community (Roberts 1964). He described the cognitive aspects of a 
society by looking at the present information and how it moves through the 
people in the society. 

Daniel L. Schwartz (1978) proposed a distribution of cognition through culture 
and the distribution of beliefs across the members of a society.[citation needed] 

In 1998, Mark Perry from Brunel University London explored the problems and 
the benefits brought by distributed cognition to “understanding the 
organisation of information within its contexts." He considered that distributed 
cognition draws from the Information processing metaphor of cognitive science 
where a System is considered in terms of its inputs and outputs and tasks are 
decomposed into a Problem space (Perry, 1998). He believed that information 
should be studied through the representation within the media or artefact that 
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represents the information. Cognition is said to be “socially distributed” when it 
is applied to demonstrate how interpersonal processes can be used to 
coordinate activity within a social group. 

In 1999, Gavriel Salomon stated that there were two classes of distributive 
cognition: shared cognition and off-loading. Shared cognition is that which is 
shared among people through common activity such as conversation where 
there is a constant change of cognition based on the other person's responses. 
An example of off-loading would be using a calculator to do arithmetic or a 
creating a grocery list when going shopping. In that sense, the cognitive duties 
are off-loaded to a material object. 

Later, John Sutton (2006)[4] defined five appropriate domains of investigation for 
research in Dcog: 

1. External cultural tools, artefacts, and symbol systems. 

2. Natural environmental resources. 

3. Interpersonal and social distribution or scaffolding. 

4. Embodied capacities and skills. 

5. Internalized cognitive artefacts. 

 

Applications] 

The application area of DCog is systems design and implementation in specific 
work environments. Its main method is Field research, going into the workplace 
and making rigorous observations, e.g. through capturing work performances 
with video, studying and coding the recorded activities using qualitative 
research methods to codify the various ways in which cognition is distributed in 
the local environment, through the social and technical systems with which the 
workers engage. 

Distributed cognition as a theory of learning, i.e. one in which the development 
of knowledge is attributed to the system of thinking agents interacting 
dynamically with artifacts, has been widely applied in the field of distance 
learning, especially in relation to Computer Supported Collaborative 
Learning (CSCL) and other computer-supported learning tools. For example, in 
the field of teaching English Composition, Kevin LaGrandeur has argued that 
CSCL provides a source of common memory, collaborative space, and a cognitive 
artifact (tool to enhance cognition) that allows students to more easily build 
effective written compositions via explicit and implicit machine-human 
collaboration. Distributed cognition illustrates the process of interaction 
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between people and technologies in order to determine how to best represent, 
store and provide access to digital resources and other artifacts. 

Collaborative tagging on the World Wide Web is one of the most recent 
developments in technological support for distributed cognition. Beginning in 
2004[5] and quickly becoming a standard on websites, collaborative tagging 
allows users to upload or select materials (e.g. pictures, music files, texts, 
websites) and associate tags with these materials. Tags can be chosen freely, 
and are similar to keywords. Other users can then browse through tags; a click 
on a tag connects a user to similarly tagged materials. Tags furthermore 
enable tag clouds, which graphically represent the popularity of tags, 
demonstrating co-occurrence relations between tags and thus jump from one 
tag to another. 

Dcog has also been used to understand learning and communication in clinical 
settings and to obtain an integrated view of clinical workplace learning. It has 
been observed how medical actors use and connect gestural practices, along 
with visual and haptic structures of their own bodies and of artifacts such as 
technological instruments and computational devices. In so doing they co-
construct complex, multimodal representations that go beyond the mental 
representations usually studied from a cognitive perspective of learning 
(Pimmer, Pachler & Genewein, 2013).[6] 

Distributed cognition can also be seen through cultures and communities. 
Learning certain habits or following certain traditions is seen as cognition 
distributed over a group of people. Exploring distributed cognition through 
community and culture is one way to understand how it may work. 

With the new research that is emerging in this field, the overarching concept of 
distributed cognition enhances the understanding of interactions between 
individual human beings, artefacts such as technologies and machines, and 
complex external environments. This concept has been applied to educational 
research in the areas of distributed leadership and distributed instruction]. 

 

Metaphors and examples 

Distributed cognition is seen when using paper and pencil to do a complicated 
arithmetic problem. The person doing the problem may talk with a friend to 
clarify the problem, and then must write the partial answers on the paper in 
order to be able to keep track of all the steps in the calculation. In this example, 
the parts of distributed cognition are seen in: 

https://en.wikipedia.org/wiki/Collaborative_tagging
https://en.wikipedia.org/wiki/World_Wide_Web
https://en.wikipedia.org/wiki/Distributed_cognition#cite_note-5
https://en.wikipedia.org/wiki/Tag_cloud
https://en.wikipedia.org/wiki/Distributed_cognition#cite_note-6
https://en.wikipedia.org/wiki/Distributed_Leadership
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 setting up the problem, in collaboration with another person, 

 performing manipulation/arithmetic procedures, both in one's head and by 
writing down resulting partial answers. 

The process of working out the answer requires not only the perception and 
thought of two people, it also requires the use of a tool (paper) to extend an 
individual's memory. So the intelligence is distributed, both between people, 
and a person and an object. 

Another well-researched site for analyzing distributed cognition and applying 
the discovered insights towards the design of more optimal systems is aviation, 
where both cockpits and air traffic control environments have been studied as 
scenes that technologically and socially distribute cognition through systems of 
externalized representational media. It is not the cognitive performance and 
expertise of any one single person or machine that is important for the 
continued operation or the landing and takeoff of airplanes. The cognition is 
distributed over the personnel, sensors, and machinery both in the plane and on 
the ground, including but not limited to the controllers, pilots and crew as a 
whole. 

Hutchins also examined another scene of distributed cognition within the 
context of navigating a US navy vessel.[7] In his book on USS Palau,[8] he explains 
in detail how distributed cognition is manifested through the interaction 
between crew members as they interpret, process, and transform information 
into various representational states in order to safely navigate the ship. In this 
functional unit, crew members (e.g. pelorus operators, bearing takers, plotters, 
and the ship's captain) play the role of actors who transform information into 
different representational states (i.e. triangulation, landmark sightings, 
bearings, and maps). In this context, navigation is embodied through the 
combined efforts of actors in the functional unit. 

In his study on process, representation and task world, Mark Perry (1998) 
demonstrated how distributed cognition analysis can be conducted in a field 
study. His example was design analysis in Civil engineering. In this work, he 
showed how an information processing approach can be applied by carrying a 
detailed analysis of the background of the study - goals and resources, inputs 
and outputs, representations and processes, and transformational activity, 
“how information was transformed from the design drawings and site onto 
tables of measurements (different representations)” and then onto “a graphical 
representation” which provided a clearer demonstration of the relationship 
between the two data sets (Perry, 1998). 

 

https://en.wikipedia.org/wiki/Distributed_cognition#cite_note-7
https://en.wikipedia.org/wiki/Distributed_cognition#cite_note-8
https://en.wikipedia.org/wiki/Civil_engineering
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Quotes 

On educational psychology: 

People think in conjunction and partnership with others and with the help of 
culturally provided tools and implements. 

— Salomon, 1997 p. xiii 

On cognitive science: 

Nervous systems do not form representations of the world, they can only form 
representations of interactions with the world.[9] 

The emphasis on finding and describing "knowledge structures" that are 
somewhere "inside" the individual encourages us to overlook the fact that 
human cognition is always situated in a complex sociocultural world and cannot 
be unaffected by it. 

— Hutchins, 1995 p. xiii 
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