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This article describes a representation-based framework of distributed cogni-
tion. This framework considers 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. The
major issue for distributed research, under this framework, are the distribu-
tion, transformation, and propagation of information across the components
of the distributed cognitive system and how they affect the performance of
the system as a whole. To demonstrate the value of this representation-based
approach, the framework was used to describe and explain an important,
challenging, and controversial issue — the concept of affordance.
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1. Introduction

Distributed cognition is a scientific discipline that is concerned with how cog-
nitive activity is distributed across internal human minds, external cognitive
artifacts, and groups of people, and how it is distributed across space and time
(Hutchins 1995a, 1995b; Norman 1991; Zhang 1997a, 1997b, 1998; Zhang and
Norman 1994). In this view, people’s intelligent behavior results from inter-
actions with external cognitive artifacts and with other people, and people’s
activities in concrete situations are guided, constrained, and to some extent,
determined by the physical, cultural, and social contexts in which they are situ-
ated (Clancey1997; Suchman 1987). The unit of analysis for distributed cogni-
tion is a distributed cognitive system composed of a group of people interact-
ing with external cognitive artifacts. Such a distributed system (e.g., the cockpit
of a commercial airplane) can have cognitive properties that differ radically
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from the cognitive properties of the components, and these properties cannot
be inferred from the properties of the components alone, no matter how much
we know about the details of the properties of those components (Hutchins,
1995b). In general terms, we describe the components of a distributed cogni-
tive system as internal and external representations. Internal representations
are the knowledge and structure in individuals’ minds; and external represen-
tations are the knowledge and structure in the external environment (Zhang
1997b; Zhang and Norman 1994).

The term “distributed cognition” has been used in different ways. In our
own research and in this paper, we use it to refer to the scientific discipline that
is concerned with the distribution of information and knowledge between and
across internal and external representations. It does not necessarily mean “dis-
tributed knowing or distributed thinking” of a distributed system. We do not
argue for or against the assertion that a distributed system has consciousness or
awareness or the assertion that a distributed system can think or reason in the
same way that an individual mind does. This is a philosophical question, one
insightful and deep analysis of which was offered by Harnad (2005). For the
purpose of studying the behavior of a distributed cognitive system it is usually
sufficient to understand how information and knowledge are distributed and
propagated across the various components of the distributed system.

In this paper, we first describe two types of distributed cognition: between
an individual mind and an external artifact and between individual minds.
Then we will show how distributed cognition can be used to offer a novel solu-
tion to a difficult and challenging issue: affordance.

2. Distributed cognition between individuals and artifacts

A wide variety of complex information processing tasks require the processing
of information distributed across internal minds and external artifacts. It is
the interwoven processing of internal and external information that generates
much of a person’s intelligent behavior. Let us consider multiplying 965 by 273
using paper and pencil. The internal representations are the meanings of indi-
vidual symbols (e.g., the numerical value of the arbitrary symbol “5” is five), the
addition and multiplication tables, arithmetic procedures, etc., which have to
be retrieved from memory. The external representations are the shapes and po-
sitions of the symbols, the spatial relations of partial products, etc., which can
be perceptually inspected from the environment. To perform this task, people
need to process the information perceived from external representations and
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the information retrieved from internal representations in an interwoven, inte-
grative, and dynamic manner. Zhang and Norman (1994) developed a frame-
work of distributed representations to account for the behavior in these types
of distributed cognitive tasks.

One important aspect emphasized by distributed cognition research is that
external representations are more than inputs and stimuli to the internal mind.
External representations have many non-trivial properties. For many tasks, ex-
ternal representations are intrinsic components, without which the tasks either
cease to exist or completely change in nature. Zhang (1997b) reviewed and
summarized the following properties of external representations:

- Provide short-term or long-term memory aids so that memory load can be
reduced.

- Provide information that can be directly perceived and used such that little
effortful processing is needed to interpret and formulate the information
explicitly.

- Provide knowledge and skills that are unavailable from internal represen-
tations.

- Support perceptual operators that can recognize features easily and make
inferences directly.

- Anchor and structure cognitive behavior without conscious awareness.

- Change the nature of a task by generating more efficient action sequences.

- Stop time and support perceptual rehearsal to make invisible and transient
information visible and sustainable.

- Aid processibility by limiting abstraction.

- Determine decision making strategies through accuracy maximization
and effort minimization.

3. Distributed cognition across individuals

Cognition can also be distributed across a group of individuals. For this type
of distributed cognition, there are two different views. The reductionist view
considers that the cognitive properties of a group can be entirely determined
by the properties of individuals. In this view, to understand group behavior,
all we need is to understand the properties of individuals. In contrast, the
interactionist view considers that the interactions among the individuals can
produce emergent group properties that cannot be reduced to the properties
of the individuals. In this view, to study group behavior, we need to examine
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not only the properties of individuals but also the interactions among the indi-
viduals. Examples of emergent group properties include group affect (George
1990), collective efficacy (Bandura 1986), and transactive memory systems
(Wegner 1987).

One important issue in distributed cognition across a group of individuals
is the group effectiveness problem (Foushee and Helmreich 1988). A group
of minds can be better than one (process gain) because in a group there are
much more resources, task load and memory load are shared and distributed,
errors are cross-checked, and so on. The performance of a group can also be
worse than that of an individual (process loss) because in a group communica-
tion takes time, knowledge may not be shared and different strategies may be
used by different individuals. This phenomenon has been shown in a clinical
environment where people work face to face, sharing Tacit knowledge (Patel
et al. 2000) and at a distance in an internet based co-laboratory (Patel et al.
1999). Using the framework of distributed representations developed by Zhang
and Norman (1994), Zhang (1998) demonstrated empirically that whether two
minds were better or worse than one mind depended on how the knowledge
was distributed across the two minds. The issue of group effectiveness is espe-
cially important in healthcare and has received some attention recently (Patel
et al. 1996).

4. Affordance as distributed dognition

Gibson’s (1977, 1979) “affordance” is an intriguing, useful, but controversial
concept. According to Gibson, the environment not only serves as the surfaces
that separate substances from the medium in which the animals live, but also
affords animals in terms of terrain, shelters, water, fire, objects, tools, animals,
human displays, etc.; and there is not only information for the perception of
the environment, but also information for the perception of what the environ-
ment affords. Gibson’s affordance has the following properties:

- Affordances provided by the environment are what it offers, what it pro-
vides, what it furnishes, and what it invites.

- The “values” and “meanings” of things in the environment can be directly
perceived. The “values” and “meanings” are external to the perceiver.

- Affordances are relative to animals. They can only be measured in ecology,
but not in physics.

- An affordance is an invariant.
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- Affordances are holistic. What we perceive when we look at objects are
their affordances, not their dimensions and properties.

- An affordance implies complementarity of the perceiver and the environ-
ment. It is neither an objective property nor a subjective property, and at
the same time it is both. It cuts across the dichotomy of subjective-objec-
tive. Affordances only make sense from a system point of view.

Gibson’s affordances capture a fundamental aspect of human perception and
cognition, that is, the fact that much information needed for perception and
action is in the environment as invariants which can be picked up directly.
Gibson’s notion of affordances was developed primarily in the study of visual
perception, and his affordances are basically for environmental things such
as substances, media, layouts, events, etc. Gibson hinted that affordances are
not only for visual perception, but also could be for biological (e.g., toxin and
nutrition) and cultural (e.g., mail box) processes. However, he did not fully
explore these implications. In this section, we use the concept of distributed
cognition to develop a theoretical framework of affordances.

Affordances are the allowable actions specified by the environment cou-
pled with the properties of the organism. In distributed cognition, affordances
can be considered as distributed representations extended across the environ-
ment and the organism. The structures and information in the environment
specify the external representation space. The physical structures of the organ-
ism and the structures and mechanisms of internal biological, perceptual, and
cognitive faculties specify the internal representation space. The external and
internal representations together specify the distributed representation space,
which is the affordance space (Figure 1). The external and internal representa-
tion spaces can be described by either constraints or allowable actions. Con-
straints are the negations of allowable actions. That is, the allowable actions are
those satisfying the constraints, and the constraints set the range of the allow-
able actions. If the external and internal representation spaces are described by
constraints, then the affordances are the disjunction of the constraints of the
two spaces. If the external and internal representation spaces are described by
allowable actions, then the affordances are the conjunction of the allowable
actions of the two spaces.

Gibson’s original affordances are basically those that are specified by the
relations between the physical structures of the environment and the physique
of the organism (e.g., chairs afford sitting for people). Two of the fundamental
properties of affordances are the complementarity of the environment and the
organism and the direct, effortless pickup of affordances. These two properties
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Figure 1. The distributed cognition framework of affordances. (A) The representa-
tion spaces are described by constraints. The affordance space is the disjunction of
the external and internal representation spaces. (B) The representation spaces are
described by possible actions. The affordance space is the conjunction of the external
and internal representation spaces.

exist not only at the level of organism’s body structures, but also at many other
levels. The distributed cognition framework of affordance can extend Gibson’s
original affordances to phenomena at other levels.

Under the distributed cognition framework, affordances are distributed
representations extended across external (the environment) and internal (the
organism) representations. External representations belong to the environment;
and internal representations belong to the organism. External representations
can be at the levels of chemical processes, physical configurations, spatio-tem-
poral layouts, and symbolic structures, which correspond to the levels for in-
ternal representations: biological mechanisms inside the body, the physique of
the organism, perceptual systems, and cognitive structures and processes.

This framework can generate a categorization of affordances:

- Biological Affordance. Biological affordance is based on biological pro-
cesses. For example, a healthy mushroom affords nutrition, while a toxic
mushroom affords dying. This is at the level of biology.
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Figure 2. A categorization of affordances from the perspective of distributed cognition.

- DPhysical Affordance. Physical affordance is for tasks that are mainly con-
strained by physical structures. For example, the flat horizontal panel on
a door can only be pushed. As another example, an open environment af-
fords locomotion in any direction over the ground, whereas a cluttered
environment affords locomotion only at opening.

- Perceptual Affordance. In this category, affordances are mainly provided by
spatial mappings. For example, if the switches of the stovetop burners have
the same spatial layout as the burners themselves, the switches provide
affordances for controlling the burners. Another example is the pictorial
signs for ladies” and men’s restrooms in airports.

- Cognitive Affordance. Affordances of this type are provided by cultural
conventions. For example, for traffic lights, red means “stop’, yellow means
“prepare to stop’, and green means “go”.

- Mixed Affordance. Many affordances are provided by a combination of
more than one module. For example, shoelace affords tying shoes. This af-
fordance is a conjunction of physical affordance and cognitive affordance:
the physical property of shoelace and the knowledge of how to make a
tie. The “mailbox” example given by Gibson is also a mixed affordance.
A mailbox does not provide the affordance of mailing letters for a person
who has no knowledge about postal systems. In this case, knowledge (cog-
nitive affordance) and structure of a mailbox (physical affordance) are both
involved in constructing the affordance for mailing and receiving letters.
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5. Conclusion

Distributed cognition, in our view, is a term for a branch of cognitive science
that is concerned with a special type of cognitive systems whose structures and
processes are distributed between internal minds and external environment,
across a group of individual minds, and across space and time. From the dis-
tribute cognition perspective, the unit of analysis is the interaction between the
components of the system, not the components themselves. We applied the dis-
tributed cognition framework to address an important, challenging, and con-
troversial issue — the concept of affordance originally proposed by Gibson.
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