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Situatedness/Embeddedness

The situated movement—situated languayB/)ATED COG-
NITION AND LEARNING, Situated behavior—views intelligent

in that material aspects of agents’ bodies are taken to be
both pragmatically and theoretically significacwncretejn

the sense that physical constraints of realization and circum-
stance are viewed as of the utmost importahceated,
implying that context-dependence is a central and enabling
feature of all human endeavagngaged,in that ongoing
interaction with the surrounding environment is recognized
as primary; andpecific,in that what people do is seen as
varying, dramatically, depending on contingent facts about
their particular circumstances.

Within these broad outlines, situated approaches vary
widely, from incremental proposals incorporating a degree
of context-dependence within largely classical frameworks
to more radical suggestions with substantial methodological
and metaphysical commitments.

Closest to traditional models are “situated language” pro-
posals for treatingNDEXICALS, tense, and other context-
dependent linguistic constructs (Barwise and Perry 1983).
Terms such akere I, andnow are used on different occa-
sions, by different individuals, to refer to different people
and places, in ways that depend systematically on the cir-
cumstances of use. Formally, treating such context-depen-
dence requires a two-stagemMANTICS, distinguishing the
MEANING of a word or sentence (the stable “rule” or pattern
that the child learns, such as that “I” is used to refer to the
speaker) from thenterpretationof any particular utterance.
Thus when two people shout “I'm right! You're wrong!”
their utterances are said to coincide in meaning, but to differ
in interpretation. Similarly, “4:00 p.m.” can be assigned a
single, constant meaning, mapping utterance situations onto
times, depending on the date and time zone.

This general strategy of treating meaning as a function
from context to interpretatior (context . interpretation) has
been applied to other forms of circumstantially determined
interpretation, including anaphora and ambiguity (Gawron

human behavior as engaged, socially and materially embodand Peters 1991). Methodologically, it requires a shift in
ied activity, arising within the specific concrete details of focus from sentence types to individual utterances, and a
particular (natural) settings, rather than as an abstractgeneralization of inference from truth-preservation to refer-
detached, general-purpose process of logical or formal rati-ence-preservation (e.g., to understand why tomorrow we use
ocination. “yesterday” to refer to what today we refer to with “today”).
Situatedness arose in the 1980s as a reaction against thidevertheless, such treatments remain largely compatible
then-dominant classical view of mind. The classical with classical views of cognition as individualistic, deduc-
approach, inherited from the logical and metamathematicaltive, even relatively abstract (Se®IVIDUALISM ).
traditions (dubbed “GOFAI” by Haugeland 1997, for “good Many, however, feel that situated intuitions run deeper. A
old fashioned artificial intelligence”), views cognition as: further step, embodied in research OQGNITIVE ARTI-
individual, in the sense that the essential locus of intelli- FACTS, recognizes that an agent’s embedding situation is not
gence is taken to be the solitary persmtional, in that only a semantical resource for determinREFERENCE but
deliberative, conceptual thought is viewed as the primaryalso a material resource for simplifying thought itself.
exemplar of cognitiomabstract,in the sense that implemen- Agents need not remember what remains in their visual
tation and the nature of the physical environment are treatedields, nor measure what they can directly compare. More
as of secondary importance (if relevant at alétachedjn generally, as captured in Brooks's (1997) slogan that “the
the sense that thinking is treated separately from perceptiorworld is its own best model,” it is more efficient for an agent
and action; andeneral,in the sense that cognitive science to let the world do the computing, and determine the result
is taken to be a search for universal principles of generalby inspection, than to attempt to shoulder the full load
intellection, true of all individuals and applicable in all cir- deductively. Moreover (see, e.g., Kirsh 1995), if the world
cumstances. happens not to provide exactly what one wants, one can
Situated approaches reject one or more of these assumpsometimes rearrange it a bit so that it does. Lave, Murtaugh,
tions, arguing instead that cognition (indeed all human and de la Rocha (1984) cite a near-mythic example of some-
activity) is: social, in the sense of being located in humanly one who, when asked to make 3/4 of a recipe that called for
constructed settings among human communiéegyodied, 2/3 of a cup of cottage cheese, measured out 2/3 of a cup,
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smooshed it into a flattened circle, and cut away 1/4 of thedent on facts about our circumstances, but alse the
resulting patty. world is—the very objects and properties in the world we
As these examples suggest, situated approaches tend tiherein talk about and live in and get at—are also taken to
shift theoretical focus from abstract deduction onto concretedepend on (interpretive) context (Cussins 1992; Smith
activity: cooking dinner, making one's way across a 1996). Taken to its logical extreme, that is, situatedness
crowded subway platform, negotiating turn-taking in a con- leads to a view of an ontologically plastic (though perhaps
versation. Situated theorists take these activities not only tostill highly constrained) world that, in contrast with the
be nontrivial achievements, but also to be paradigmatic ofnaive realism implicit in the classical picture, is at least par-
human intelligence. With respect to action, furthermore, tially socially constructed. Not surprisingly, such views
several writers advocate a shift in emphasis from (rational) reflect back onto our understanding of the nature of science
advance planning to on-the-fly improvisation. Thus Brooks itself (see, e.g., Haraway 1991). This is situatedness with a
(1997), Agre and Chapman (1987), and Rosenschein (1995y¥engeance.
argue that embodied agents can inventively exploit facts At the broadest level, the basic tenet of the situated
about their physical circumstances to avoid explicit repre- movement has been accepted. That language, cognition, and
sentation and reasoning. Suchman (1987) claims that mosactivity are fundamentally context-dependent is by now a
human activity, rather than implementing preconceptualized theoretical truism. What remains a matter of debate is how
plans, consists of incessant, creative, improvisational mobi-far this situated intuition should be taken. Everyone agrees
lization and appropriation of the vast array of resources thatthat language is indexical, a smaller number are prepared to
environments regularly make available. Not only do people dethrone ratiocination as the hallmark of the mental, and
rarely “figure it all out in advance,” she argues, but their sto- those who are prepared to take context-dependence through
ries should be understood not as veridical reports of howto metaphysics remain a distinct minority. How the issues
activity comes to be, but as after-the-fact reconstructionsare resolved may depend on the extent to which the various
whose role is to retrospectively render activity intelligible communities advocating a situated approach—Iinguistics,
(and perhaps accountable). cognitive science, Al, sociology, philosophy, feminism, sci-
These shifts in focus have substantial methodological ence studies, and so on—collaborate in following out the
implications. In part, they involve the rejection of long- consequences of this transformation to our traditional self-
standing Cartesian intuitions that although movement, sen-conception.
sation, and adaptive reaction to the physical world lie within  See alSOANIMAL NAVIGATION ; ECOLOGICAL PSYCHOL-
the province of “mere brutes,” high-level conceptualization 0GY; FRAME PROBLEM; INTELLIGENT AGENT ARCHITEC-
is challenging and paradigmatic of what it is to be human. TURE; MOBILE ROBOTS PLANNING
They also reflect a change in disciplinary affiliation, from . .
LoGic, mathematics, computer science, and (individual) —Brian Cantwell Smith
psychology, toward sociology, anthropology, science stud-
ies, general epistemology, and philosophy of science. MoreReferences
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in late-night conversation, shape the meanings of their words CA: Center for the Study of Language and Information.

(such as when describing a friend as “skewed”), rather in theHaraway, D. (1991). Situated knowledges: The science question in
way that blues players bend notes on a guitar. Such examples feminism and the privilege of partial perspective Simians,

are theoretically challenging because they raise the ontologi- Cyborgs, and Women: The Reinvention of Nathew York:

cal question of what properties such utterances designate. It Routledge. o ,
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text-dependent. On such a view, not only is what we do, Lave, J., M. Murtaugh, and O. de la Rocha. (1984). The dialectic
what we say, and how we get at the world viewed as depen- of arithmetic in grocery shopping. In B. Rogoff and J. Lave,
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Eds.,Everyday Cognition: Its Development in Social Context. constantS; this is simply understood as a situation where

Cambridge, MA: Harvard University Press, pp. 67-94. no actions of interest have yet occurred. The situation that
Rosenschein, S., and L. Kaelbling. (1995). A situated view of rep- results from an action being performed in a situatian

resentation and control. In P. A. Agre and S. Rosenschein, Eds. g represented by the terndo(a,s). For example,

Special Issue on Computational Research on Interaction and : : ; :
Agency,Atrtificial IntelligenceJanuary/February 1995. do(pickup(RobPackagg),S) might represent the situation

Smith, B. C. (1996)On the Origin of ObjectsCambridge, MA: where the roboRobhas performed the action of picking up

MIT Press. the objectPackage in the initial situationS,, similarly,
Suchman, L. A. (1987). Plans and Situated Actibiew York: do(goTo(Roh MailRoom),do(pickup(RohPackagg), ))
Cambridge University Press. might represent the situation wheRob subsequently
Winograd, T. (1985). Moving the semantic fulcrulinguistics moved to theMailRoom.Thus, a situation is essentially a
and Philosophys(1): 91-104. possible world history, viewed as a sequence of actions.
The situation calculus provides a way of specifying what
Further Readings the effects of an action are. For example, the axiom
Agre, P. A. (1997)Computation and Human Experienddew OoUxUs(— Heavy o B
York: Cambridge University Press. - Holding(x a dd pickup xo),s)))

Agre, P. A, and S. Rosenschein, Eds. (1995). Special Issue onyg|d be used to state that an agentill be holding an
Computational Research on Interaction and AgeAayficial objecto in the situation that results fromperforming the

IntelligenceJanuary/February 1995. . S L ) . .
Clancey, W. J. (1997Bituated Cognition: On Human Knowledge action of picking upo in situations provided thab is not

and Computer Representationéew York: Cambridge Univer-  h€avy. Note that relations whose truth value depends on the

sity Press. situation, such asleavyandHolding, take a situation argu-
Clark, A. (1997).Being There: Putting Brain, Body and World ment; such relations are calldtients From the above

Together AgainCambridge, MA: MIT Press. axiom and the assumption HeavyPackage,Sy), that is,
Dreyfus, H. (1979)What Computers Can't Do: A Critique of Arti-  thatPackagg is not heavy initially, one could conclude that

ficial ReasonNew York: Harper and Row. Holding(RohPackagg,do(pickup(RohPackage),S), that

Hutchins, E. (1995)Cognition in the Wild. Cambridge, MA: MIT  js, thatRobwould be holdingPackage after picking it up in
Press. o g o the initial situation. One can also use the situation calculus
Latour, B. (1986). Visualization and cognition: Thinking with eyes to represent the preconditions of actions, that is, the condi-

and handsKnowledge and Society: Studies in the Sociology of . I - -
Culture Past and Preseft 1-40. tions under which it is possible to perform the action. Note

Lave, J. (1988)Cognition in Practice: Mind, Mathematics and that a situation calculus model of a system is just a theory in

Culture in Everyday LifeNew York: Cambridge University ~ classical first-order logic and thus an ordinary theorem
Press. proving system can be used to infer consequences from it.

Lave, J., and E. Wenger. (1991). Situated Learning: Legitimate This may be an advantage over the alternative modal logic
Peripheral Participation. New York: Cambridge University  formalisms.
Press. Some of the most problematic features of commonsense
Norman, D. A. (1987)The Psychology of Everyday Thingew reasoning manifest themselves in reasoning about action.
York: Basic Books. . . __ For instance, although it seems reasonable that a model of a
Vera, J., and H. Simon. (1993). Situated action: A symbolic inter- system should include an effect axiom for every action

pretation. With repliesCognitive Scienc&7(1): 7—48. - - :
Winograd, T., and F. Flores. (198&)nderstanding Computers affecting a fluent (actions typically affect very few fluents),

and Cognition: A New Foundation for Desigdorwood, NJ: one should not have to include an axiom for every fluent
Ablex. that remains unchanged by an action (e.g., that going to a
location does not change the color of objects). Yet this is

Situation Calculus just what is required by a straightforward application of

logic to such reasoning. Dealing with the resulting mass of

axioms is error-prone and computationally costly. This
The situation calculus is a language of predicate logic for problem of representing succinctly and computing effec-
representing and reasoning abagtion and change.This tively with the “invariants” of actions has been called the
KNOWLEDGE REPRESENTATION language was originally FRAME PROBLEM by McCarthy and Hayes (1969) and has
developed by John McCarthy (McCarthy 1963; McCarthy been the subject of much recent research (Elkan 1992;
and Hayes 1969) and is commonly used in artificial intelli- Hanks and McDermott 1986; Pylyshyn 1987; Reiter 1991;
gence for purposes such as predicting the effects of actionSandewall 1994; Shanahan 1997). It has been one of the
on a system'’s statel ANNING actions to achieve given goals major motivations for research on nonmonotonic logics
(Green 1969), diagnosing what events might explain somewhere a conclusion may be invalidated by additional
observations, and analyzing the operation of programs thatassumptions (Reiter 1987). A nonmonotonic logic might
perform such tasks. Other formalisms used for the sameattempt to solve the frame problem by representing the “per-
purposes include modal logics such as dynamic logic andsistence” assumption that says that fluents remain unaf-
various logics fOITEMPORAL REASONING (Goldblatt 1987), fected by actions unless it is known to be otherwise.
as well as the event calculus (Kowalski and Sergot 1986). Note that some approaches to reasoning about action or

In the situation calculus, the initial situation of the processes such as STRIPS-based planning (Fikes and Nils-

world or system under consideration is represented by theson 1971) and most work in process control and software
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