CHAPTER 14

Situating Concepts

Lawrence W. Barsalou

1. Conceptual Systems

A conceptual system represents an individ-
ual’'s knowledge about the world. Concep-
tual systems differ significantly from record-
ing systems that capture holistic images
(e g, cameras, tape recorders). Rather than
being a collection of holistic images, a con-
ceptual system is a collection of category
representations, with each category rep-
resenting a different component of expe-
rience. Knowledge of these components
includes categories for agents, objects, loca-
tions, times, events, actions, interoceptive
states, relations, roles, and properties

The conceptual system supports the spec-
trum of cognitive activities, During on-line
processing, as people achieve goals in physi-
cal settings, the conceptual system performs
many important functions: (1} it supports
perceptual processing via figure-ground seg-
regation, anticipation, and filling in; (2) it
predicts the entities and events likely to be
present in the current situation, speeding
up their processing; (3) it produces cate-

gotizations by mapping perceived entities
and events to specific categories; and (4) it
produces inferences based on categorization
about ‘the properties of perceived entities
and events, their origin, what they are likely
to do next, how to interact with them, and
so forth.

The conceptual system also supports off-
line processing during memory, language,
and thought, as people represent entities
and events not present. During memory pro-
cessing, the conceptual system elaborates
perceived entities and events at encoding,
organizes them in storage, and produces
reconstructive memory inferences about
them at retrieval. During language compre-
hension, the conceptual system contributes
to the interpretation of words, phrases, sen-
tences, and texts, and to the generation of
inferences that augment these interpreta-
tions. During thought, the conceptual sys-
tem represents the objects, events, and men-
tal states that conmstitute the content of
reasoning, decision making, and problem
solving,
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1.1. The Dominant Theory of the
Conceptual System. Semantic Memory

Although modern researchers have enter-
tained many accounts of the conceptual
system, the semantic memory view has
dominated. This way of thinking about
the conceptual system arises from Tulving’s
(1972) classic distinction between episodic
and semantic memory. According to this dis-
tinction, episodic memory contains mem-
ories of specific episodes whose time and
location can be remembered, along with
other memory content. In contrast, seman-
tic memory contains conceptual knowl-
edge whose episodic origins have been lost.
Many subsequent models of the conceptual
system have instantiated the general con-
struct of semantic memory, including fea-
ture set models (e.g., Hampton, 1979; Rosch
& Mervis, 1975) and network models (e g,
Collins & Loftus, 1975; Collins & Quillian,
1969). E. E. Smith (1978) provides an inte-
grative review of these early accounts. Since
then, the central assumptions of seman-
tic memory models continue to shape how
researchers think about the conceptual sys-
tem. Throughout cognitive science and cog-
nitive neuroscience, researchers continue to
incorporate various forms of the semantic
memory view into their research.

From the perspective of the alternative
view developed here, four critical assump-
tions underlie the semantic memory view
(for further detail, see Barsalou, 2003b}.
First, semantic memory is a modular sys-
tem, being autonomous relative to episodic
memory, and relative to systems in the brain
for perception, action, and interoception.
From this perspective, the conceptual sys-
temn does not share representation and pro-
cessing mechanisms with these other brain
systems but is an independent module that
operates according to different principles.

Second, representations in semantic
memory are amodal. Semantic memory rep-
resentations are redescriptions or transduc-
tions of modality-specific representations
into a new representation language that
differs from representations in modality-

specific systems (e.g, for vision, action,
affect). Instead, these representations con-
tain arbitrary symbols that stand in for
modality-specific representations and for the
entities in the world that produce them.

Third, semantic memory representations
are decontextualized. In a typical theory, a
category representation is a prototype (or
definition) that extracts probable (or defini-
tive) properties across exemplars. Idiosyn-
cratic properties of exemplars and back-
ground situations are typically lost in the
distillation process. Thus, the representa-
tion of BIRD might be a decontextualized
prototype that includes wings, feathers, and
beak, with idiosyncratic properties and back-
ground situations filtered out.* As a conse-
quence, semantic memory representations
often seem like encyclopedia entries that
describe sets of category members generi-
cally.

Fourth, semantic memory representa-
tions are stable When representing a given
category, different people share roughly the
same knowledge, and the same person uses
the same knowledge on different occasions.

< . 1.2, Overview

A different perspective on the conceptual
system is adopted here. The following two
sections present the theoretical assump-
tions of this approach. Section 2 proposes
that simulations in the brain’s modality-
specific systems underlie conceptual pro-
cessing. Section 3 proposes that these sim-
ulations are inherently situated, tailored to
guide goal-directed action in particular situ-
ations. Section 4 reviews empirical evidence
that conceptual representations are situated.
Section s raises issues for future study.

2. Modality-Specific Simulations
in Conceptual Processing

In this section, three subsections introduce
the constructs of reenactment, simulator,
and simulation, respectively. According to
this account, the conceptual system shares
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mechanisms with modality-specific systems,
such that the conceptual system is not
modular. As a consequence, conceptual rep-
resentations are at least partially modal, not
completely amodal.

2.1. Reenactments of Perception, Action,
and Interoception

Modal reenactments of perceptual, motor,
and interoceptive states constitute the cen-
tral mechanism of the theory presented
here (for further detail, see Barsalou, 1999b,
20033; Damasio, 198¢g). The reenactments
that underlie knowledge are assumed to be
approximately the same as the reenactments
underlying mental imagery in working mem-
oty (e.g., Farah, 2000, Finke, 198¢; Grézes
& Decety, 2001; Kosslyn, 1994; Zatorre,
Halpern, Perry, Meyer, & Evans, 1996). The
process of reenactment has two phases: (1)
storing modality-specific states and (2} par-
tially reenacting these states at later times.
Each is addressed in turn,

2.1.1. STORING MODALITY-SPECIFIC
STATES

When an entity or event is experienced, it
activates feature detectots in the modality-
specific systems that perceive and act on it.
While processing a dog visually, for exam-
ple, neurons in the visual system fire for
edges and planar surfaces, whereas oth-
ers fire for color, movement, and config-
ural properties. The activations across this
distributed, hierarchically organized system
represent the entity visually (eg., Zeki,
1993). Analogous activations in other sen-
sory systems represent how the dog feels to
the touch and how it sounds. Activations
in the motor system execute actions while
interacting with the dog. Other activations
underlie the interoceptive states that arise
during the interaction, such as activations in
the amygdalae and orbitofrontal cortex that
represent emotional reactions.

As feature representations become active
in a modality, conjunctive neurons in asso-
ciation areas capture them for representa-
tional purposes on later occasions. A pop-
ulation of conjunctive neurons codes the

pattern, with each neuron typically coding
many different patterns (i.e , coarse coding;
but see Quiroga, Reddy, Kreimen, Koch,
& Fried, 2005). Damasio {1989) refers to
these association areas as convergence zones
and reviews evidence for their presence
at multiple hierarchical levels in the brain
(for further development of this account,
see Simmons & Barsalou, 2003). Initially,
convergence zones near a modality cap-
ture patterns that become active within it.
Association areas near the visual system cap-
ture visual representations, whereas associa-
tion areas near the auditory system capture
auditory represeéntations. Later, cross-modal
association areas in the temporal, parietal,
and frontal lobes integrate activations from
different modalities to establish multimodal
representations.

2.1.2. REENACTING MODALITY-SPECIFIC
STATES
The architecture just presented has the abil-
ity to partially reenact the multimodal rep-
resentations it captures, Once conjunctive
neurons across association areas capture a
collection of modality-specific features, they
can later reactivate these features for repre-
sentational purposes. To remember an expe-
rience with a dog, for example, conjunc-
tive neurons partially reactivate the visual
states active while perceiving it. To remem-
ber an action performed on the dog, con-
junctive neurons partially reactivate the rel-
evant motor states. The reenactment process
nevet produces a complete reinstatement of
the original experience. In addition, a wide
variety of biases may enter in and distort
it. Almost always, reenactments tend to be
partial and somewhat biased. Most impor-
tant, however, some semblance of the orig-
inal state is teenacted. Amodal symbols are
not deployed 3

Conscious experiences do not always ac-
company the reenactment process. Al-
though conscious reenactment is typically
assumed to accompany mental imagery,
reenactments need not produce conscious
mental images. Instead, the reenactments
that underlie memory, conceptualization,
comprehension, and reasoning may often
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be unconscious to a large extent (Barsalou,
1999b).

2.3, Simulators and Simulations

Barsalou (1g9gb, 2003a) proposed that a fully
functional conceptual system can be built on
reenactment mechanisms (for a briefreview,
_see Barsalou, Simmons, Barbey, & Wilson,
2003b) As these articles illustrate, reenact-
ment mechanisms can be used to implement
the type-token distinction, categorical infer-
ence, productivity, propositions, abstract
concepts, and a wide variety of basic cogni-
tive processes, including working memory,
short-term memory, language comprehen-
sion, and various forms of thought. Because
these phenomena are not relevant here, they
will not be addressed further

The two central constructs of this
approach are simulators and simulations.
Whereas simulators integrate multimodal
information across a category’s instances,
simulations represent specific conceptual-
izations of the category. Each construct is
addressed in turn.

2.2.1. SIMULATORS

The properties of a category’s members tend -

to be correlated (e.g., McRae, de Sa, & Sei-
denberg, 1997; Rosch & Mervis, 1975). As
a result, interacting with different instances
of the same category should activate similar
neural patterns in feature systems (cf Cree
& McRae, z003; Farah & McClelland, 1993;
McCrae & Cree, 2002). In turn, similar popu-
lations of conjunctive neurons in association
areas tuned to these particular conjunctions
of features should tend to capture these sim-
ilar patterns (Simmons & Barsalou, 2003).
Across different category members, a multi-
modal representation of the category results,
distributed across relevant feature systems
and the association areas that integrate
them. According to Barsalou (1999b) each
of these distributed systems is a simulator
that functions as a conceptual type, because
it integrates the multimodal content of a cat-
egory across its experience members. Later,
when an instance of the category is per-
ceived, the simulator becomes bound to it,

construing it as a category member and pro-
viding inferences based on previous mem-
bers (Barsalou, 20032). The simulator func-
tions as a type that interprets the instance as
a token in a type-token relation.

Consider the simulator for the category
of DOGS. Across experiences with different
dogs, visual information about dogs becomes
integrated in the simulator, along with audi-
tory information, somatosensory informa-
tion, motor procedures, affective responses,
and so forth. Over time, a distributed sys-
tem develops throughout the brain’s feature
and association areas that accumulates con-
ceptual content for the category.

2 2.2, SIMULATIONS

Once a simulator exists for a category, it
reenacts subsets of its content as simula-
tions. Not all of the content in a simulator
becomes active at once. Instead, only a small
subset becomes active to represent the cat-
egory in a given situation (for further detail,
see Barsalou, 1987, 1989, 1993). Thus, the
DOG simulator might simulate a sleeping
puppy on one occasion, whereas on others it
might simulate a working sheepdog or a dog
pulling its master along a sidewalk Because
a tremendous amount of experienced con-
tent for dogs resides in the DOG simulator,
diverse subsets are simulated across different
situations.

Simulations can serve many different cog-
nitive functions (Barsalou, 1999b, 20032}.
Simulations can represent a category’s in-
stances during memory, language, and
thought. Simulations can produce infer-
ences about a category’s perceived instances,
using the pattern completion procedure
described later. Simulations can combine
productively to construct infinitely many
conceptual combinations. Simulations, to-
gether with simulators, can represent the
classic truth-evaluable propositions that
underlie interpretation and comprehension.

Simulations can also represent novel cate-
gory instances not stored in a simulator from
previous experience. For example, instances
stored previously may merge together dur-
ing retrieval to produce reconstruction and
averaging effects. Remembering a previous
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dog seen just once might be distorted toward
a similar dog seen many times. Additionally,
deliberate efforts to combine simulations of
conceptual components can produce simu-
lations that do not correspond to an expe-
rienced category member. Someone could
simulate a dog and then vary simulations
of its color and patterning systematically to
represent a wide variety of novel dogs never
experienced.

2.2.3. TYPES OF SIMULATORS
A potentially infinite number of simula-
tors can become established in the cog-
nitive system. Simulators can develop for
all aspects of experience, including agents,
objects, properties, settings, events, actions,
interoceptions, and so forth. In general, a
simulator develops for any component of
experience that attention selects repeatedly
(Barsalou, 199gb, 2003a). For example, if
attention focuses repeatedly on a type of
object {e.g.,, DOGS), a simulator develops
for it Analogously, if attention focuses on
a type of action (e.g.,, SCRATCHING]}) or
on a type of interoception (e.g., LOVE),
simulators also develop to represent them.
The open-ended potential to establish sim-
ulators is consistent with Schyns, Goldstone,
and Thibaut’s (1998) proposal that the flex-
ible use of selective attention creates new
primitive properties that become relevant
for categorization. Notably, these proper-
ties do not result from combining existing
properties productively, but instead result
from focusing attention on regions of per-
ception for which no primitive property
currently exists. Whenever the flexible and
open-ended process of attention selects a
component of experience repeatedly, a sim-
ulator develops for the component, repre-
senting it conceptually in a wide variety of
cognitive processes.*

Another central issue is how simula-
tors represent abstract concepts. According
to Barsalou (1999b), simulators for abstract

concepts are grounded in situations. Con-.

sider how a simulator might represent one
everyday sense of TRUTH. Imagine that a
speaker makes a claim about a situation,
such as, “It’s sunny outside ” Further imagine

that a listener represents the claim (perhaps
as a simulation), compares it to percep-
tion of the actual situation, and decides
whether the claim interprets the situation
accurately. If the simulated claim repre-
sents the perceived situation accurately, the
claim is interpreted as true. Thus, TRUTH
is grounded in a complex multimodal sit-
uation extended over time. According to
this account, people simulate situations like
these to represent abstract concepts and
focus attention on relevant content within
them For TRUTH, people focus on the
speaker’s claim, their simulation of its mean-
ing, their perception of the corresponding
situation, their comparison of the simulated
claim to the perceived situation, and their
conclusion about whether the two match.
Although much of the situation is back-
grounded, it frames the focal content dis-
tributed across multimodal content in per-
ception, action, and interoception.

Besides offering this simulation-based
account of TRUTH, Barsalou (1999b) also
offers accounts of NEGATION and
DISJUNCTION, and suggests similar ap-
proaches for implementing mathematical

. and logical reasoning. In general, many

abstract concepts, such as FREEDOM and
INVENTION, can be viewed as grounded
in complex simulations of multimodal
situations, with simulated content about
events, interoceptive states, and the rela-
tions between them being foregrounded.
Barsalou and Wiemer-Hastings (2005)
and Wiemer-Hastings, Krug, and Xu (z001)
offer preliminary support for this proposal.
First, they show that the meanings of both
abstract and concrete concepts are situated.
In general, people appear to frame concepts
in terms of situations, often producing broad
situational content when asked to describe
concepts. Just as people frame abstract con-
cepts in situations, they similarly situate
concrete concepts in situations, as when rep-
resenting HAMMER in the context of its
functional use. Second, these researchers
show that subjects focus on aspects of the
situation central to the meaning of spe-
cific concepts, describing these aspects more
than less relevant ones. Whereas subjects
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focus on the physical aspects of situations
when representing concrete concepts (e.g,
objects, settings, simple actions), they focus
on other aspects of situations for abstract
concepts (e g, events, interoceptions, the
relations between them). Clearly, much fur-
ther theory and research is necessary to
develop this account of abstract concepts

3. Situating Concepts

This section begins with an analogy: con-
ceptual representations are situated because
perceptions are situated. A second sub-
section suggests that concepts are situ-
ated because of evolutionary convenience
and computational efficacy. A third section
presents definitions for concepts, situations,
and the relations between them. The final
section presents the central construct of sit-
uated conceptualization.

3.1. A Situational Analogy from Perception
to Conception

If simulation underlies conceptual process-
ing, a potential implication for the repre-
sentation of concepts follows: if a concep-
tual representation simulates a perceptual
experience, it should simulate a situation,
because situations provide the background
of perceptual experiences To see this anal-
ogy, consider the content of perception.
At any given moment, people perceive the
space around them, which may include
agents, objects, and events. Their percep-
tual experience is multimodal, potentially
containing visual, auditory, tactile, gusta-
tory, olfactory, proprioceptive, and intero-
ceptive information. Most important, when
people focus attention on a particular entity
or event in perception, they continue to per-
ceive the background situation. The situa-
tion does not disappear, leaving the focal
entity or event in a perceptual vacuum.

If perceptions take the form of situa-
tions, and if conceptual representations sim-
ulate perceptions, then conceptual repre-
sentations should take the form of perceived
situations. When people construct simula-

tions to represent a category, they should
simulate the category in relevant percep-
tual situations, not in isolation When peo-
ple conceptualize DOG, for example, they
should simulate not only a dog but also a
more complete perceptual situation, includ-
ing the surrounding space, along with any
relevant agents, objects, events, actions, and
interoceptions.

3.2. Origins of Situated Concepts

The situational analogy between perception
and conception may reflect two origins: evo-
lutionary convenience and optimizing pre-
diction. Each is addressed in turn.

3.2.1, EVOLUTIONARY CONVENIENCE

As described earlier, the human concep-
tual system appears to be grounded in the
brain’s modality-specific systems. One rea-
son for this relation between perception and
cognition may be that evolution capitalized
on existing brain mechanisms to implement
conceptual systems rather than creating new
mechanisms (e g., Gould, 1991).

If so, the importance of situations in
conception could simply reflect the impor-
tance of situations in perception, such that
the presence of situations in conception
is largely accidental and inconsequential.
As described next, however, there is good
reason to believe that situations play fun-
damentally important roles in optimizing
cognitive processing. Rather than merely
being an accident, situational representa-
tions make cognitive computation tractable.

3.2.2. OPTIMIZING PREDICTION

Researchers across multiple disciplines have
argued that situating cognition greatly
enhances cognitive processing. During lan-
guage comprehension, a text can be incom-
prehensible if the relevant situation is not
apparent (e.g, Bransford & Johnson, 1973).
During conversation, shared situations help
human speakers establish common ground
(e.g., Clark, 1992); shared situations also help
nonhuman communicators (e.g, Smith,
1977). Extensive evidence demonstrates
that situation models underlie people’s
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representations of text meaning (e g., San-
ford & Garrod, 1981; Zwaan & Kaschak,
this volume; Zwaan & Radvansky, 1998).
In general, language comprehension appears
to be a heavily situated process (Barsalou,
19992). During problem solving and reason-
ing, drawing valid conclusions without the
support of concrete situations is often diffi-
cult (e.g, Cheng & Holyoak, 1985; Gick &
Holyoak, 1980; Johnson-Laird, 1983). In cog-
nitive development, situations appear cen-
tral to acquiring cognitive and social skills
(e.g, Vygotsky, 1991). During social inter-
action, situations are central to predict-
ing behavior (e g, Mischel, 1968; Smith &
Semin, 2004; Smith & Conrey, this volume).
In linguistics, situations underlie the theory
of construction grammar, with the content
and relations of syntactic structures evolv-
ing out of the analogous structure in situa-
tions (e.g., Goldberg, 1995). In philosophy,
situations motivated the theory of situation
semantics, with logical inference being opti-
mized in the context of specific situa-
tions (e g., Akman, this volume; Barwise &
Perry, 1983). In artificial intelligence, situ-
ating robotic cognition in physical environ-
ments greatly enhances practical intelligence
(Brooks, 1991; Kirsh, 1991). At a broader
level, general arguments about the central-
ity of situations in cognition have been pre-
sented by Clark (1997), Dunbar (1991), Glen-
berg (1997), Greeno (1998), Barsalou et al.
(1993}, and Barsalou (2003b).

Situations appear to enhance cognitive
processing by optimizing prediction. Specif-
ically, these benefits appear to result from
increasing the breadth and specificity of
inference. Situations broaden inference by
extending processing beyond a focal object
or event. When representing TABLE, for
example, a conceptual system could sim-
ply infer the likely properties of a table per
se. Such isolated inferences, however, omit
broader situational information that may be
highly useful for processing. If one wishes
to find a table, for example, it is helpful to
know locations that contain them. By repre-
senting tables conceptually in their respec-
tive situations, agents can draw immediate
inferences about where to find them (e.g,,

kitchens, dining rooms, offices). Such infer-
ences also provide important information
about nearby objects and likely actions.
Representing a table in a dining room, for
example, is likely to also represent nearby
chairs, which could be helpful while plan-
ning actions in the situation, such as sitting
at the table to eat. As this example illus-
trates, situating an object concept produces
a broad range of inferences useful to goal-
directed pursuit.

Framing concepts with respect to situa-
tions also increases the specificity of infer-
ences. Once the background situation for
a focal object is known, specific inferences
about the object’s properties follow. For
example, when one expects to find a chair in
a dining room, the chair is likely to have four
long legs, a relatively flat and rigid seat, and a
relatively upright back. In general, knowing
the situation produces a variety of specific
inferences about everything found in the sit-
uation, along with specific relations between
them. Drawing inferences about a particular
chair and its relations to other setting objects
depends on whether the chair is found in a
dining room, living room, office, theater, jet,
ski lift, and so on.

By organizing knowledge around situa-
tions, the cognitive system greatly simpli-
fies the many tasks it faces. Rather than
searching through everything in memory,
the system need only focus on the knowl-
edge and skills relevant for the current
situation. Knowing the current situation
makes it easier to recognize objects and
events, to retrieve relevant knowledge and
skills, to understand language, to solve prob-
lems, and to predict the actions of other
agents. Clearly, entities and events can occur
in unexpected situations. As the literature
illustrates overwhelmingly, however, such
occurrences challenge processing consider-
ably. In contrast, when entities and events
occur in their expected situations, process-
ing is relatively easy and effective >

3.3. Definitions

Now that the relation between concepts and
situations has been introduced, each can be
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defined a little more carefully. As will be
apparent, developing such definitions is crit-
ical, because a central question is whether
situational content resides inside or outside
concepts. As will be seen, the latter possibil-
ity is pursued.

3.3.1. CONCEPTS
It is first important to distinguish between
. concepts acquired from experience versus
concepts established by means of produc-
tivity and reasoning. Of primary interest
here are concepts acquired from experi-
ence. Nevertheless, it is possible for people
to combine concepts acquired from experi-
ence to represent concepts that they have
never experienced (e.g., STRIPED WATER-
FALLS), concepts that do not exist {e g,
UNICORNS), and concepts that are impos-
sible (e.g, SQUARE CIRCLES). Barsalou
(1999b, 20033} proposes how simulation-
based approaches can represent these latter
concepts. Wu and Barsalou (2008) offer pre-
liminary evidence.

Within the framework developed here,
a concept acquired from experience is
the accumulated information in memory

extracted for a category via selective atten-
tion, where a category is a set of things’

perceived as the same type for one of
many possible reasons. As described ear-
lier, a multimodal simulator implements a
concept, where a simulator is an organized
body of knowledge that produces specific
simulations of 2 category’s instances. For
example, the simulator for CHAIR might
simulate a DINING ROOM CHAIR, a
LIVING ROOM RECLINER, an OFFICE
SWIVEL CHAIR, and so on. What links
all these different conceptualizations of
CHAIR together is the fact that a common
simulator produces them. Although tremen-
dous variation exists at the level of simula-
tions, stability exists at the level of simula-
tors, because a relatively discrete simulator
represents a cate,groxy6

A central assumption is that the simulator
for a category does not include background
situations. Instead, the simulator represents
only information abstracted from category
exemplars per se. As described shortly, other

simulators for settings, agents, events, and
interoceptive states become linked to simu-
Jators for objects, thereby representing their
background situations.

3.3.2. SITUATIONS

Within the framework developed here, a sit-
uation is a region of perceived space that
surrounds a focal entity over a temporal
duration, perceived from the subjective per-
spective of an agent. The space surrounding
the entity may include various entities and
events, and the agent's subjective perspec-
tive on the region may contain a variety of

interoceptive states. For detailed accounts of

situational content, see the coding schemes
in Wu and Barsalou (2008), Cree and McRae
(2003), and Barsalou and Wiemer-Hastings
(2005).7

Within this framework, simulators for
settings, events, mental states, and so forth
combine to represent background situations
(e.g., Barsalou, 2003b; Barsalou et al, 1993;
Barsalou, Niedenthal, Barbey, & Ruppert,
20033). When people represent someone
working in an office chair, simulators for the
setting (OFFICE), the action (SITTING),
and the interoception (e.g., THINKING)
might all contribute simulations to the over-
all representation of the background situ-
ation for this particular chair. When the
exemplar of the category changes, so do
the simulations that combine to represent
its background situation. When people con-
ceptualize sitting in a living room chair, for
example, simulators for LIVING ROOM
and RELAXING might contribute to the
background situation, and the simulator for
SITTING contributes a different simulation
of sitting.

3.3.3. RELATIONS BETWEEN CONCEPTS
AND SIMULATIONS

As these definitions illustrate, this approach
assumes that information about concepts
is abstracted. Nevertheless, this abstracted
content remains tightly coupled with the
background situations that framed it origi-
nally. As we shall see in the literature review
to follow, these relations between concepts
and situations constantly come into play
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during conceptual processing, thereby pro-
ducing ubiquitous situation effects.

3.4. Situated Conceptualizations

Barsalou (2003b) contrasts two theoretical
perspectives that researchers have taken on
concepts (see also Barsalou, 19992) Many
researchers view concepts implicitly as
detached databases, as in traditional seman-
tic memory theories. According to this per-
spective, the properties and exemplars of a
category are integrated during learning into
a database of information about the category
that is relatively detached from the goals and
situations relevant to specific agents. These
databases capture the statistical properties
of a category and can be consulted when
these statistical tendencies are of interest. In
many such theories, but not all, it is often
turther assumed that a person uses the same
general abstraction established for a cate-
goty to represent it in different situations.
For example, the same prototype or rule
for CHAIR is used to represent a currently
experienced chair, regardless of whether it
is an office chair, living room chair, jet chair,
or theater chair. .

Alternatively, concepts can be viewed as
agent-dependent instruction manuals. On a
given occasion, a concept delivers a spe-
cialized package of inferences to guide an
agent’s interactions with a particular cate-
gory instance in the current situation. Across
different situations, the same concept deliv-
ers different packages of inferences, each tai-
lored to current instances, goals, and other
situational constraints, Because a single gen-
eral description would be too vague to sup-
port all the relevant inferences in a particular
situation, more specialized representations
are constructed instead. From this perspec-
tive, a concept is neither a static database nor
a single abstraction. Instead, it is an ability or
competence to produce specialized category
representations that support goal pursuit
in the current setting, where each special-
ized representation is akin to an instruction
manual for interacting with a particular cat-
egory member 3

Barsalou (2003b) referred to a particu-
lar package of situation-specific inferences
as a situated conceptualization. For exam-
ple, the simulator for DOG can activate
many different situated conceptualizations,
each tailored to helping an agent interact
with dogs in different contexts. No general
description of the category exists, although
attempts to construct ad hoc generalizations
can occur online (Barsalou, 2003a}. One
conceptualization for DOG might support
interacting with a timid puppy, whereas oth-
ers might support interacting with a defen-
sive guard dog, or with a dog that wants to
chase a ball. From this perspective, the con-
cept for DOG is not a detached statistical
database of category information. Instead,
the concept is the ability to construct a wide
variety of situated conceptualizations that
support goal achievement in diverse con-
texts.

3.4.1, MULTIMODAL SIMULATIONS
IMPLEMENT SITUATED
CONCEPTUALIZATIONS

Within the framework developed here, a
complex simulation becomes active across
modalities to implement a situated concep-
tualization (for further detail, see Barsalou,
2003b; Barsalou et al,, 2003a). Consider a sit-
uated conceptualization for interacting with
a dog that seeks petting. This conceptualiza-
tion simulates how the dog appears percep-
tually. When dogs want petting, their bodies
adopt particular shapes, they perform cer-
tain actions, and they produce distinctive
sounds. All of this perceptual content can
be represented as modal simulations in the
situated conceptualization.

A situated conceptualization about a dog
that seeks petting is also likely to simulate
actions that the agent could take in the situ-
ation, such as petting the dog. Again, modal
simulations can represent these aspects of
the situated conceptualization, this time via
simulations in the motor system.

A situated conceptualization about a dog
that seeks petting is also likely to include
simulations of interoceptive states. Because
people experience particular internal states
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while petting dogs, the respective situated
conceptualizations include simulations of
motivations, goals, emotions, and so on.

Finally, a situated conceptualization for a
dog that seeks petting is also likely to simu-
late a setting in which the event could take
place. The event is not simulated in a vac-
uum. Thus, petting a dog might be simu-
lated in a kitchen, yard, park, and so on.
Again, such knowledge is represented with
a simulation, this time as a reenactment of a
particular setting.

In summary, a situated conceptualization
is defined as typically simulating four basic
types of situational content: (1) perceptions
of relevant people and objects, (2) agentive
actions and other bodily states, (3) intero-
ceptive states, such as motivations, emo-
tions, and cognitive operations, and (4) likely
settings. Thus, a situated conceptualization
is a multimodal simulation of a multicompo-
nent situation, with each modality-specific
component simulated in the respective brain
areas. Barsalou (2005) conjectures that situ-
ated conceptualizations provide continuity

of the conceptual system across species, on

the basis of evidence for situated conceptu-
alizations in monkeys (Gil-da-Costa et al,
2004), and the likely presence of them in
other organisms.

Finally, a situated conceptualization
places the conceptualizer directly in the
respective situation, creating the experi-
ence of being there (Barsalou, 2002). By re-
enacting agentive actions and interoceptive
states during the process of representing cat-
egories, situated conceptualizations create
the experience of the conceptualizer being
in the situation. The situation is not repre-
sented as detached and separate from the
conceptualizer. The conceptualizer is in the
representation.

3.4.2. ENTRENCHED SITUATED
CONCEPTUALIZATIONS

Over the course of their lives, people expe-
rience many situations over and over again
in their interactions with people, artifacts,
social institutions, and so on. In the process,
knowledge about these familiar situations

becomes entrenched in memory, thereby
supporting automated performance in
them. Entrenched knowledge can also be
extended analogically to interactions in
novel situations that are similar to famil-
iar situations (e.g., Andersen & Chen, 2002).
Although entrenched knowledge may not
always fit perfectly, it may often it well
enough to provide useful inferences.

Within the framework developed here,
situated conceptualizations represent peo-
ple’s entrenched knowledge of repeated
situations. As a situation is experienced
repeatedly, multimodal knowledge accrues
in the respective simulators for the rel-
evant objects, people, actions, interocep-
tions, and settings. Specifically, the com-
ponents of the situated conceptualization
become entrenched in the respective sim-
ulators, as do associations between these
components. Over time, the situated con-
ceptualization becomes so well established
in memory that it comes to mind automati-
cally as a unit when the situation is detected.
After petting a particular dog on many occa-
sions, for example, the situated conceptuali-
zation that represents this situation becomes
entrenched, such that minimal cuing acti-
vates it on later occasions.

Once situated conceptualizations be-
come entrenched in memory, they play im-
portant roles throughout cognition. In per-
ception, they support efficient processing of
familiar scenes (e g, Biederman, 1981). In
memory, they produce reconstructive mem-
ory retrieval (e.g., Brewer & Treyens, 1981).
In language, they produce situation mod-
els and diverse forms of inference (eg,
Zwaan & Radvansky, 1998). In reasoning,
they provide background content that facil-
itates deduction (e g, Johnson-Laird, 1983).
In social cognition, they provide inferences
about myriad aspects of interpersonal inter-
action (e.g., Barsalou et al., 2003a).

3.4.3. PATTERN-COMPLETION
INFERENCES

Entrenched situated conceptualizations sup-
port these diverse forms of cognition via
a pattern completion inference process. A
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situated conceptualization can be viewed as
a pattern; namely, a complex configuration
of multimodal components that represents
the respective situation. When a compo-
nent of this pattern matches something in a
perceived situation (e.g., a person, a setting,
an object), the pattern becomes active in
memory, with the unobserved pattern com-
ponents constituting inferences about what
else could be present. Because the remaining
components have occurred frequently with
the perceived components in the past, infer-
1ing the remaining components is plausible.
Thus, when a partially viewed situation acti-
vates a situated conceptualization, the con-
ceptualization completes the pattern that
the situation suggests. It is useful for the
agent to anticipate what will happen next,
so that optimal goals can be adopted and
optimal actions taken. The agent attempts
to draw inferences that go beyond the
information given (e g., Bruner, 1957).

Consider the example of seeing a partic-
ular dog. Imagine that the dog’s face, fur,
and bark initially match modality-specific
simulations in one or more situated concep-
tualizations that have become entrenched
in memory for DOG. Once one concep-
tualization comes to dominate the activa-
tion process, it provides inferences via pat-
tern completion, such as actions that this
particular dog is likely to take, responses
that the agent typically makes, interoceptive
states that typically result, and so forth. The
unfolding of these pattern completion infer-
ences — realized as simulations — produces
useful prediction.

3 4.4. THE STATISTICAL CHARACTER

OF INFERENCE

All aspects of the pattern completion infer-
ence process have a statistical character (e.g,,
Barsalou, 1987, 1989, 1993; Smith & Samuel-
son, 1997). Each simulator that contributes
to a situated conceptualization is a dynam-
jcal system capable of producing infinite
simulations (Barsalou, 199gb, 2003a, 2003b}.
In a given situation, each simulation con-
structed reflects the current state of the sim-
ulator, its current inputs, and its past history.
An entrenched situated conceptualization is

essentially an attractor, that is, an associ-
ated collection of simulations that is easy
to settle on because the associations linking
them have become strong through frequent
use. Infinitely many states near the attrac-
tor, however, offer different versions of the
same conceptualization, each representing a
different adaptation to the situation. Thus,
the entrenched conceptualization for inter-
acting with a dog that seeks petting is not
a static representation, but rather the abil-
ity to produce many related simulations. On
encountering the same situation on differ-
ent occasions, the situated conceptualiza-
tions that guide processing vary dynamically,
depending on a widé variety of factors that
influence the contributing simulators.

As a consequence, the inferences that
arise via pattern completion also vary
dynamically. As the conceptualizations that
represent a situation vary across occasions,
the pattern completions that follow also
vary. Somewhat different inferences result
from completing somewhat different pat-
terns.

_ 4. Evidence for Situated Concepts

This section reviews evidence for the
account of situated concepts just presented.
Although evidence for the modality-specific
nature of concepts is not presented, it is
reviewed elsewhere (e g., Barsalou, 2003b,
2008; Barsalou, Simmons, Barbey, & Wilson,
2003b; Martin, 2001; Thompson-Schill, 2003;
see also Pecher & Zwaan, 2005) The review
of situation effects here, however, assumes
that multimodal simulations represent situ-
ated conceptualizations.

The first evidence reviewed for situa-
tion effects illustrates classic effects in mem-
ory and conceptualization. When concepts
become active, accompanying representa-
tions of situations become active as well.
In turn, situational representations dynam-
ically affect the content of the concepts
they frame. The second and third sub-
sections review evidence for situated con-
ceptualizations in cognitive psychology and
social psychology, respectively. In each case,
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situated inferences about objects, people,
settings, action, interoceptions, and perspec-
tives become active to guide goal pursuit in
specific situations. The fourth and final sub-
section reviews evidence for the central role
of situations in representing abstract con-
cepts. Although all concepts appear to be
framed in relevant situations, abstract con-

cepts appear to rely on them particularly

heavily.

4.1. Evidence for Situated Representation
in Memory and Conceptualization

Yeh and Barsalou (2006) review classic sit-
uation effeéts in memory and conceptual
processing. In particular, the literature that
they review supports two theses about the
relations between concepts and situations.?
According to thesis 1, situational informa-
tion is linked to concepts, producing the
following two consequences. When a con-
cept becomes active, it activates associ-
ated situations. Conversely, when a situation
becomes active, it activates associated con-
cepts. Because tables are stored with dining
rooms, activating the concept for DINING
ROOM is likely to activate TABLE. Con-
versely, activating TABLE is likely to acti-
vate DINING ROOM. Thus, concepts tend
to be processed not in a vacuum but in a
situated manner.

According to thesis 2, 2 concept produces
different conceptualizations in different sit-
uations, with each form relevant to the cur-
rent situation Thus, the concept TABLE
may be represented as an attractive wooden
table in a dining room or as a more functional
but less attractive table in an office. Con-
versely, activating the concept of DINING
ROOM tends to produce conceptualizations
of TABLE that are attractive and wooden,
whereas activating OFFICE tends to acti-
vate conceptualizations of TABLE that are
more functional and less attractive. Most
important, concepts are not represented as
generic, highly abstracted data structures.
Instead, their content is tailored to the cur-
rent situation.

Thesis 2 could be implemented compu-
tationally in at least two ways. According to

one view, all information for a concept is
active in every situation. However, informa-
tion that is relevant in the current situation
is weighted more heavily than information
that is not irrelevant. According to a sec-
ond view, only a small subset of a concept’s
content is active in a given situation (Barsa-
lou, 1987, 1989, 1993). Only a small subset is
active for two reasons. First, because much
of the possible content for a concept is likely
to reside at low levels of accessibility in
memoty, it is unlikely that it all becomes
active simultaneously Second, if all of this
information did become active at once,
it would produce a computational night-
mare. While processing an office chair, for
example, activating information about living
room chairs, jet chairs, and theater chairs
would be distracting and potentially mis-
leading. Although current evidence proba-
bly does not distinguish between these two
accounts of how thesis 2 is implemented,
the second account is probably more plau-
sible. Regardless, both views are consistent
with thesis 2, proposing that the information
most functional for a concept varies across
situations. Exactly how the functionally rel-
evant content of a concept is implemented

~ remains an important issue.

Yeh and Barsalou {2006) first review evi-
dence from the episodic memory literature
that supports theses 1 and 2. One might
wonder why findings from episodic memory
are relevant to situation effects on concepts.
Because concepts enter centrally into mem-
ory during encoding, storage, and retrieval,
however, episodic memory provides a win-
dow on conceptual processing. People do
not simply store and retrieve surface stim-
uli, such as pictures and words, in the way
that cameras and audio recorders do (Barsa-
lou, 1999b). Instead, concepts become active
at encoding as people process stimuli, such
that the stored memory contains concep-
tual information as well as the actual infor-
mation presented (e.g., Craik & Lockhart,
1972). Furthermore, concepts become active
at retrieval, producing extensive effects of
reconstructive memory (e g, Bartlett, 1932).
For these reasons, phenomena from the
episodic memory literature provide a rich
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window onto situation effects in conceptual
processing.

Consider an example for episodic mem-
ory of visual objects. In Mandler and Stein
(1974), children viewed a pictured set of
objects either arranged as in a real-world sit-
uation or arranged randomly. Several pieces
of furniture, for example, might be shown
arranged as in a living room, or they might be
shown spatially scrambled. When the chil-
dren later recalled the objects, they remem-
bered more from the meaningfully arranged
sets than from the randomly arranged ones.
Consistent with thesis 1, viewing mean-
ingfully organized objects activated scene
schemata, which organized and elaborated
the presented visual objects. As a result,
the children were later able to remem-
ber the objects and their positions better
than when they had not imagined situations
for the scrambled scenes. As this finding, and
many others like it, illustrates the episodic
memory literature provides extensive sup-
port for thesis 1. As people encode stimuli
into long-term memory, situational repre-
sentations become active, such that situa-
tional information is stored in the resultant
memory representation.

Much evidence from the episodic mem-

ory literature is also consistent with thesis
2, namely, the situation present at encod-
ing — either actual or inferred — affects the
content stored for the stimulus. Consider
a classic experiment by Barclay, Bransford,
Franks, McCarrell, and Nitsch (1g74). Partic-
ipants studied a critical word (e g., “piano”)
in a sentence that stressed either its physi-
cal properties (“The man lifted the piano”)
or its musical properties (“The man tuned
the piano”). At test, participants received
a cue for recalling the critical word (e g,
“piano”). For some participants, the cue was
related to the specific meaning of the criti-
cal word in the sentence (e.g., “heavy” for
the sentence about moving a piano). For
other participants, the cue was unrelated
(e.g., “nice sound” from the sentence about
moving a piano) Consistent with thesis 2,
recall was better with related cues than with
unrelated cues. When the cue activated the
situation stored with the target word, the

situation provided access to the episodic
memory.

Yeh and Barsalou (2006) also review
research that assesses the role of situations
in conceptual processing more directly. In
particular, they review situation effects in
classic conceptual tasks, such as categori-
zation, lexical decision, property verifica-
tion, and property generation. As in episodic
memory, people exhibit widespread situa-
tion effects that are consistent with theses 1
and 2. Because conceptual knowledge devel-
ops from episodic memories, these parallels
are not surprising. Just as episodic memo-
ries exhibit a situated character, so does the
conceptual knowledge that evolves out of
them. During the abstraction of concepts
from experience, concepts do not discard
their situational histories.

Consider one example each from the
visual object processing and language pro-
cessing literatures. Classic work by Bieder-
man (1972) found that people categorize a
visually presented object faster in a coher-
ent background scene than in a jumbled
one, when the object’s location in the dis-
play is cued beforehand. Consistent with
thesis 1, the ability to process the object
in a coherent scene facilitated object cate-
gorization. Recognizing the scene produced
top-down activation to associated object cat-
egories that facilitated recognizing the tar-
get object Conversely, when the ability to
process the scene was compromised (ie, in
the jumbled scenes), categorization suffered
because top-down support was not avail-
able,

Classic work by Miller and Isard (1963)
similarly showed that the ability to identify
spoken words was more accurate when the
words belonged to a meaningful sentence
than when the words belonged to an anoma-
lous sentence. Again, when associations
between focal categories and backgrounds
situations remained intact, categorization
benefited. Analogous to categorizing objects
in coherent scenes, categorizing words in
coherent sentences produced beneficial top-

down support.
Many other findings from the visual-
object and language-processing literatures
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further document the tight coupling be-
tween categories and background situations.
Thus, theses 1 and 2 apply to diverse stimu-
lus domains and diverse forms of process-
ing performed on them. In general, con-
cepts and situations are closely coupled,
such that each activates the other, and situ-
ations dynamically affect the content repre-
sented for a concept on a particular occasion.

4.2. Evidence for Situated
Conceptualizations from Cognitive
Psychology

Barsalou (2003b) reviews evidence that sup-
ports the construct of situated conceptual-
ization presented earlier, specifically, evi-
dence showing that conceptualizations of
categories often contain four types of situ-
ated information:

1. Properties of the focal category that are
relevant in the current situation

2. Information about the background set-
ting

3. Possible actions that the agent could
take to achieve an associated goal

4. Possible interoceptive states that the

agent might have while interacting -

with the category, including evalua-
tions, ermotions, cognitive operations,

and so forth.

As described earlier, it is assumed that
these four types of inferences are repre-
sented via neural simulations in the respec-
tive modality-specific systems. For example,
contextually relevant object properties are
simulated in the ventral stream, settings are
simulated in parietal areas, actions are simu-
lated in motor areas, and interoceptive states
are simulated in areas that process emotion,
reasoning, and so forth. Together, simula-
tions of these four inference types produce
the experience of being there conceptually
{Barsalou, 2002). When a person processes
a category, the concept that represents the
category triggers a situated conceptualiza-
tion, which represents the multimodal expe-
rience of what it would be like to process the
category in the current situation ** Evidence

for the four types of inference that under-
lie situated conceptualization is reviewed in
turn.

4.2.1, CONTEXTUALIZED CATEGORY
INFERENCES

Evidence from multiple literatures shows
that concepts do not produce the same rep-
resentation in a situation invariant man-
ner {e.g., Barsalou, 2003b; Yeh & Barsalou,
2006). Instead a concept produces one of
many possible representations tailored to
the current context. In on-line studies of
sentence processing, context effects on lex-
ical access are widespread (e g, Barsalou,
1082; Kellas, Paul, Martin, & Simpson, 199;
Tabossi, 1988). For example, reading the
word “basketball” does not normally activate
the feature floats in most contexts. “Basket-
ball” does activate floats, however, when a
context makes it relevant, as when in need
of a life preserver and a basketball is nearby.
Similar inferences occur in memory (e.g.,
Barclay et al., 1974; Greenspan, 1986; Tulv-
ing & Thompson, 1973). As described earlier,
when people read the word “piano” in a sen-
tence about moving a piano, the property
heavy is more active than the property nice
sound, with the opposite occurring when
people read about playing a piano.

In category learning, background knowl-
edge about a situation constrains the proper-
ties of objects salient in them (e.g., Murphy,
2000). For example, if people are learning
about a vehicle that is to be used for trans-
portation in the Arctic, they acquire features
relevant to the situation (e.g., skis, insula-
tion), not features that are irrelevant (e.g,
tives, netting).

In general, concepts are not represented
in a vacuum, nor are they represented in a
generic, abstract manner. Instead, concepts
are contextualized such that they contain
information relevant in the current situa-
tion.

4.2.2. SETTING INFERENCES

When the conceptual system represents a
category, it typically situates the category
in a background setting. The category is
not represented in isolation. Again much
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work supports this conclusion (Barsalou,
2003b; Yeh & Barsalou, 2006). Numerous
researchers have found that when people are
asked to perform various tasks on individ-
ual concepts, information about background
settings is activated implicitly. For example,
Vallée-Tourangeau, Anthony, and Austin
(1998) found that when people produce
instances of categories, situations become
active to guide the search process (see also
Bucks, 1998; Walker & Kintsch, 1985). When
participants produced instances of FURNI-
TURE, for example, they imagined situ-
ations in which furniture is found (e.g,
LIVING ROOM), scanned across the situ-
ations, and reported the category instances
observed (e.g, SOFA, TABLE) Similarly,
Wu and Barsalou (2008) found that when
people are asked to generate the features
of objects, they also describe background
situations, which appear to be represented
implicitly (see also Barsalou & Wiemer-
Hastings, 2005). For example, when par-
ticipants were asked to produce features
of APPLE, they produced features about
associated settings (e.g., kitchen), events
(e.g, eating), and interoceptive states (e.g.,
enjoyable). Although the explicit instruc-
tions were to describe features of the target
object, participants appeared to implicitly
simulate a background situation, scan across
it, and describe features encountered out-
side the object. As we saw earlier, much
work on visual object processing similarly
shows that representing objects activates
background scenes (e.g, Biederman, 198;
Bar & Ullman, 1996; Intraub, Gottesman, &
Bills, 1998; Mandler & Parker, 1976; Mandler
& Stein, 1974; Murphy & Wisniewski, 1989).
When an isolated object is perceived, a back-
ground scene is typically inferred immedi-
ately if one is not present. Bar (2004) reviews
brain areas that underlie the representation
of background settings.

42.3. ACTION INFERENCES

As we have seen, conceptual representa-
tions contain contextually relevant content
and are framed against background settings
The findings in this subsection and the next
show that the conceptual system represents

agents in these settings, producing infer-
ences about the actions they could take
on situated objects and interoceptive states
likely to occur, respectively. A variety of
neuroimaging experiments show that the
motor system becomes active when people
process pictures of functional objects (e g,
Chao & Martin, 2000; Kellenbach, Brett,
& Patterson, 2003) and when they process
words for actions (eg, Hauk, Johnsrude,
& Pulvermiiller, 2004). Martin {2001, 2007)
reviews additional findings. For example,
viewing a picture of a manipulable object
{e.g, HAMMER) for a few seconds and
naming it does not simply activate visual and
linguistic areas, it also activates the grasp-
ing circuit in the brain, indicating that the
brain is preparing for situated action with
the object {Chao & Martin, 2000). Similarly,
reading the word for a mouth action (e g,
“lick”} or a foot action (e g., “kick”) activates

‘the respective area of motor cortex for mov-

ing a foot or the face (Hauk et al, 2004).
Again, representing a concept does not just
activate an abstract semantic representation
but instead induces preparation for situated
action. In related behavioral research, Glen-
berg and Kaschak (2003} found that when
people read sentences that describe actions
(“You open a drawer”), they represented the
meanings of these sentences as simulations
in their motor systems.

Other research demonstrates that lesions
in motor and somatosensory areas disrupt
motor inferences (e.g., Adolphs, Damasio,
Tranel, Coopet, & Damasio, 2000; Martin,
2001}, For example, lesions in somatosensory
cortex compromise the visual categorization
of emotional expressions on faces (Adolphs
et al, 2000} Although the task appears
purely visual, the motot system immediately
mimics the perceived expression in prepa-
ration for situated action, with feedback
from the somatosensory system offering an
important cue for the particular emotion
being perceived. When somatosensory feed-
back is not available, categorization suffers.
Much related work in social psychology sim-
ilarly shows that the motor and somatosen-
sory systems become active as people per-
ceive social objects, in preparation for social
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interaction (e.g., Niedenthal, Brauer, Hal-
berstadt, & Innes-Ker, 2001; Wallbott, 1991).

Developmental psychologists have also
argued that the motor system is central
to higher cognitive processes (e.g, Smith
& Gasser, 2005; Smith, Thelen, Titzer, &
McLin, 1999; Thelen, 2000). For example,
the A-not-B, etror in children’s reasoning
results, in part, from perseveration of action
representations in the motor system

Together all these findings demonstrate a
close coupling between the motor and con-
ceptual systems When people conceptual-
ize a category, they infer relevant actions
that they could take on it. Barsalou et al.
(z0033) review many further findings in
social psychology that yield the same con-
clusion. )

4.2.4 INTEROCEPTIVE AND PERSPECTIVE
INFERENCES

People not only represent themselves in
situated conceptualizations by simulating
actions but further represent themselves in
situated conceptualizations by simulating
interoceptive states likely to arise, and by
simulating subjective perspectives that they
could take on settings. First consider intero-
ceptions. Wu and Barsalou (2008) found
that when participants are asked to gener-
ate the features of target objects, they also
described interoceptions that they would
be likely to have while interacting with
these objects (see also Barsalou & Wiemer-
Hastings, 2005). Specifically, participants
often described emotions, evaluations, and
cognitive operations relevant to interacting
with a target object. Although the explicit
instructions were to describe the object’s
features, participants appeared to implicitly

simulate accompanying interoceptions from -

the background situation, which then leaked
into their feature listings.

Another class of findings demonstrates
that people simulate the subjective perspec-
tive that they would adopt on the situation
that frames a target concept. Rather than
represent the situation in a detached, objec-
tive manner, people represent it from a par-
ticular interoceptive perspective. For exam-
ple, Spivey, Tyler, Richardson, and Young

(2000) found that participarits simulated a
particular perspective when hearing descrip-
tions of settings (e.g., listening to a descrip-
tion of a skyscraper and then looking up
as if they were there). Barsalou, Barbey,
and Hase (2008) obtained a similar result
as people produced features of concepts
(e.g, describing features of BIRDS and
looking up). Many other findings in the
comprehension literature demonstrate sim-
ilar effects (e g., Anderson & Pichert, 1978;
Black, Turner, & Bower, 1979)

4.2.5. BEING THERE CONCEPTUALLY

The findings reviewed in the previous four
subsections support the conclusion that
the conceptual system does not repre-
sent categories in an abstract, detached,
generic manner. Instead, the conceptual
system constructs situated conceptualiza-
tions dynamically, tailoring them to the
current needs of situated action Further-
more, the brain appears to implement
these situated conceptualizations via simu-
lations in the relevant modality-specific sys-
tems, such that experiences of being there
with category members result Together
these packages of simulated inferences pre-
pare agents for situated action Because
these inferences have similar representa-
tional forms as perceptions, actions, inte-
10ceptive states, and perspectives, they can
be used to monitor and guide goal-directed
performance as it unfolds in the current
situation.

4.3. Evidence for Situated
Conceptualizations from Social

Psychology

Much further evidence for situated concep-
tualizations comes from decades of research
that has documented the effects of bodily
states on social cognition. On the basis
of these findings, Barsalou et al. (2003a)
concluded that people establish entrenched
simulations of frequently experienced situ-
ations, where a given simulation includes
(among many other things) a variety of
bodily states, such as facial expressions,
arm movements, and postures (see also
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Niedenthal, Barsalou, Winkielman, Krauth-
Gruber, & Ric, 2005) Barsalou et al. (2003a)
proposed that these situated conceptualiza-
tions play a variety of important roles in pro-
cessing social information.

4.3 1. SOCIAL INFORMATION PROCESSING
PRODUCES EMBODIED STATES

Many experiments show that activating
knowledge about a social concept gener-
ates associated bodily states For example,
Bargh, Chen, and Burrows (1996) activated
various stereotypes by asking participants to
process associated words. To activate the
ELDERLY stereotype, for example, partic-
ipants processed words for elderly proper-
ties like gray, bingo, and Florida, and were
then asked them to use them in a sentence.
Once the elderly stereotype became active,
people walked more slowly to the elevator
when they thought that the experiment was
over, relative to when no stereotype was
activated. In a related study, activating the
elderly stereotype slowed the time to verify
that létter strings are words (Dijksterhuis,
Spears, & Lepanasse, 2001).

Other stereotypes produce analogous:

embodiments. Priming the OBNOXIOUS-
NESS stereotype, for example, makes par-
ticipants increasingly likely to interrupt a
conversation (Bargh et al, 1996). Prim-
ing the POLITICIAN stereotype inCreases
participants’ long-windedness in writing an
essay As Dijksterhuis and Bargh’s (2001)
review of this literature demonstrates, acti-
vating a stereotype readily activates associ-
ated embodied states. As we will see in the
next subsection, these embodiments have
causal effects on social cognition, suggest-
ing that they play central, not peripheral,
roles (Barsalou et al,, 20033, provide further
discussion on this issue).

Other social stimuli besides words for
stereotypes also trigger embodied responses.
As people view positive versus negative
scenes, their facial musculature adopts pos-
itive or negative expressions, respectively
(e.g., Cacioppo, Petty, Losch, & Kim, 1986).
As participants view the faces of people
from in-groups, their own faces adopt posi-
tive expressions; as participants view people

from out-groups, their faces adopt negative
expressions (e g, Vanman & Miller, 1993;
Vanman, Paul, Ito, & Miller, 1997). Posture,
too, is affected. When students receive a
good grade, their posture tends to become
erect; when they receive a poor grade, they
tend to slump (Weisfeld & Beresford, 1982).

As these studies show, perceiving social
stimuli triggers associated embodiments.
Social stimuli do not simply activate amodal
data structures that describe social situations
and how to act in them. Instead, social stim-
uli activate simulations of these situations
that include relevant embodied states.

4.3.2. EMBODIED STATES AFFECT SOCIAL
INFORMATION PROCESSING

As we just saw in the previous subsec-
tion, processing social information produces
accompanying embodiments as effects In
this subsection, we see that embodiments
also function as potent causes in social sit-
uations. States of the face, head, arms, and
torso all affect social cognition.

Much work has shown that when the
face adopts a particular expression, it trig-
gers associated emotions, which in turn color
social processing (for a review, see Adel-
mann & Zajonc, 198¢). In the typical exper-
iment, participants are induced to adopt a
facial expression under the guise of another
task that obscures the nature of the expres-
sion and its hypothesized effects. Once the
face is configured into a particular expres-
sion, it produces corresponding emotional
states (e g, Duclos et al, 1989) In turn,
these emotions affect other tasks. Induced
facial expressions, for example, affect the
perceived funniness of a joke (Strack, Mar-
tin, & Stepper, 1988), or the perceived fame
of a face (Strack & Neumann, 2000).

Inducing participants to perform various
head movements also affects social process-
ing. In one type of frequently performed
experiment, participants were induced to
either nod their heads forward and back-
ward, or to shake their heads sideways,
believing that they were trying to dislodge
headphones from their heads while listening
to music (e.g, Tom, Pettersen, Lau, Bur-
ton, & Cook, 1991; Wells & Petty, 1980).
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Performing the nodding action led partic-
ipants later to rate messages heard during
this time as more compelling, and to judge
products as more valuable, relative to per-
forming the shaking action. Because nod-
ding is associated with positive affect and
shaking with negative affect, the different
actions produced different affects, which in
turn produced different judgments

Inducing participants to perform arm
actions also affects social cognition An arm
action that pulls an entity toward a person
(approach behavior) produces more positive
judgments than an arm action that pushes
something away (avoidance behavior). For
example, these different arm motions pro-
duce differential liking of novel visual figures
(Cacioppo, Priester, & Bernston, 1993).

Finally, inducing postures also affects
social processing. Adopting an upright pos-
ture produces positive affect and judgment,
whereas adopting a slumping posture pro-
duces negative affect and judgment. For
example, researchers have shown that pos-
ture affects participants’ confidence in task
performance (Riskind & Gotay, 1982) and
how proud they are of it (Stepper & Strack,
1993}

As the results in this subsection illust ate,
embodiment not only results from perceiv-
ing social stimuli but also causally affects
subsequent social processing. When a par-
ticular bodily state is adopted, it activates
situated conceptualizations that contain it
As these patterns become active, they trig-
ger related emotional states that can then
influence a variety of cognitive processes.
In general, these conceptualizations ptepare
agents for situated social interaction.

4.4 Evidence for Situations in the
Representation of Abstract Concepts

4.4.1. SITUATION AVAILABILITY

In a classic series of studies, Schwanenflugel,
Shoben, and their colleagues showed that
it is often difficult to retrieve situations
for abstract concepts (for a review, see
Schwanenflugel, 1991). For example, what
is a situation in which TRUTH occurs?
Although 2 jury trial in courtroom might

come to mind eventually, it often takes
awhile to retrieve a relevant situation. Con-
versely, situations seem to come to mind
more easily for concrete concepts. For
CHAIR, situations like dining rooms and
offices come to mind rapidly »

Schwanenflugel, Shoben, and their col-
leagues showed that the retrieval of situa-
tions affects the processing of both abstract
and concrete concepts across a variety
of cognitive tasks, including lexical deci-
sion, comprehension, and memory (eg,
Schwanenflugel, Harnishfeger, & Stowe,
1988; Schwanenflugel & Shoben, 1983;
Schwanenflugel & Stowe, 1089; Watten-
maker & Shoben, 1987) Their findings led
to two conclusions about processing words.
First, the meanings of words are not estab-
lished in isolation. A word’s meaning is typ-
ically not a stand-alone representation that
describes its associated category. Instead,
words are typically understood against back-
ground situations. When a situation is not
available, a concept is difficult to process.
Many early studies on language compre-
hension reached the same conclusion (for
reviews, see Bransford & Johnson, 1973;
Bransford & McCarrell, 1974). Much recent
work reaches this conclusion as well (eg,
Barsalou, 1999a; Clark, 1992; Clark, 1997). In
general, situations provide essential infor-
mation for representing and understand-
ing concepts. Understanding the meaning of
TABLE relies not only on properties of the
physical object but alsc on the situations in
which it is found (e.g, dining rooms) and
the activities performed in them (eg, eat-
ing). Knowledge about TABLE is inadequate
if a person does not know how to interact
with them in relevant situations.

A second conclusion also follows from the
results of Schwanenflugel, Shoben, and theiz
colleagues: retrieving situations for abstract
concepts is generally more difficult than
retrieving situations for concrete concepts
At least two factors may be responsible.
First, abstract concepts may be linked to
a wider variety of situations (Galbraith &
Underwood, 1973) As a result of greater
interference, retrieving a single situation for
an abstract concept may be more difficult
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than retrieving one for a concrete concept.
Second, when people process abstract con-
cepts during everyday activities, a relevant
situation may typically be in place already
(Barsalou & Wiemer-Hastings, 2005). Peo-
ple may not usually entertain a concept
like TRUTH unless a relevant situation has
already been represented (or perceived) to
which the concept applies. Consequently,
the conceptual system becomes accustomed
to retrieving information about abstract con-
cepts with relevant situations already in
place Conversely, because it is relatively
unusual to process abstract concepts in a
situational vacuum, people draw blanks, at
least initially, when receiving them out of
context.

4.4.2. CONTRASTING THE CONTENT OF
ABSTRACT AND CONCRETE CONCEPTS
It is widely assumed, at least implicitly,
that abstract and concrete concepts have lit-
tle in common. Alternatively, Barsalou and
Wiemer-Hastings (2005) argued that con-
crete and abstract concepts share important
similarities, captured in three hypotheses
that they investigated empirically. Accord-
ing to hypothesis 1, abstract and concrete
concepts share common situational con-
tent. According to hypothesis 2, however,
abstract and concrete concepts differ in their
focus within background situations, with
concrete concepts focusing on objects and
abstract concepts focusing on events and
interoceptions Finally, according to hypoth-
esis 3, abstract concepts are more complex
than concrete concepts, containing more
content and being more distributed across
situations.

Barsalou and Wiemer-Hastings (zocs)
reported evidence that supports these three
hypotheses. Regarding hypothesis 1, abstract
and concrete concepts shared extensive sit-
uational content Both types of concepts
activated information about events, settings,
agents, objects, actions, and mental states.
Indeed, the distributions of this content
were remarkably similar. For both con-
cept types, participants appeared to repre-
sent complete situations, which framed the
focal content of interest. Consistent with

hypothesis 2, however, the distributions of
content were not identical for abstract and
concrete concepts. Whereas abstract con-
cepts produced higher rates of information
about interoceptions and events, concrete
concepts produced higher rates of infor-
mation for objects and settings. Although
both concept types were represen‘ced in
a situated manner, they highlighted dif-
ferent aspects of their background situa-
tions. Regarding hypothesis 3, abstract con-
cepts appeared to be more complex and
distributed across situations than concrete
concepts, with abstract concepts organized
around larger and deeper hierarchical struc-
tures

Together, all these findings further impli-
cate situations in conceptual processing.
Both abstract and concrete concepts appear

~ to be represented in a situated manner.

5. Further Issues

The findings reviewed here strongly sug-
gest that conceptual processing is situ-
ated. Rather than processing concepts in
a vacuum, people activate relevant back-
ground situations. Presumably the purpose
of these situations is to prepare agents
for situated action and to represent the
focal category in a situationally appropri-
ate manner. Although it seems clear that
situations are implicated in conceptual pro-
cessing, we have only begun to understand
situational representations and their interac-
tions with concepts. Several of many out-
standing issues that remain are discussed

briefly.

5.1. Radial Categories

One important problem is explaining how
different conceptualizations of the same
category become linked together. How do
the various conceptualizations of CHAIR,
for example, become integrated into a sin-
gle category? One possibility is that they
become integrated by analogy. When a per-
ceived entity activates a structurally analo-
gous conceptualization in memory, the two
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become linked (e.g, Brooks, 1978; Gent-
ner & Markman, 1997; Holyoak & Thagard,
1989; Nosofsky, 1984). Perceiving an office
chair, for example, may activate the con-
ceptualization of a kitchen chair via their
shared physical structure or via the com-
mon actions performed on it. As a result,
the two conceptualizations become inte-
grated in memory. As different kinds of
chairs are increasingly encountered in dif-
terent situations, their respective conceptu-
alizations become related to similar concep-
tualizations, thereby forming linked chains.
Although core properties could ultimately
become established across the various con-
ceptualizations of a concept, they need not
be When core properties do not develop,
the linked chains of conceptualizations form
a radial concept, with each conceptualiza-
tion being closely related to at least one
other (e.g., Lakoff, 1987; Malt, Sloman, Gen-
nari, Shi, & Wang, 1999)

Essences could constitute another possi-
ble linking mechanism to integrate the dif-
ferent conceptualizations of a category. If all
known conceptualizations of a category are
believed to share a common essence, they
become linked around the essence, even
when their physical appearances differ (e g,
Gelman & Diesendruck, 1999). Depending
on the category, the essence could reflect
a real essence that actually exists across
instances, or it could simply reflect the belief
that an essence exists, even when one does
not.

As these suggestions illustrate, the situ-
ated conceptualizations for a category could
become linked in various ways. Following
Barsalou (199gb, zoo3b), the result is a sim-
ulator capable of producing many situated
simulations of a category (see also Barsalou
etal, 1993).

This claim does not simply reduce to
the fact that a category has subordinates
The claim is significantly stronger. A cat-
egory does not just take different subordi-
nate forms Instead, these different forms
accommodate the constraints of different
situations. Conceptualizations of CHAIRS,
for example, take different forms because
the constraints on having somewhere to sit

vary from situation to situation. Further-
more, the key proposal is that conceptual-
izations are represented against background
situations They are not simply subordinates
represented in isolation. Finally, the present
framework extends well beyond subordinate
categories. Consider CARS The present
framework predicts that a single subordi-
nate, such as SEDAN, will be conceptual-
ized in a variety of situations, such as driving
a sedan, watching a sedan drive by, filling
a sedan’s gas tank, parking a sedan, and
so forth. Instead of conceptualizing sedans
as a subordinate in a generic, situation-
independent mannet, people conceptualize
them differently in these various situations,
focusing on different perspectives and prop-
erties in each. In these ways, the theoretical
proposal here extends beyond the fact that
categories have subordinates.

5.2. Dimensions of Situations

Creating 2 taxonomy of relevant phenom-
ena often lays the groundwork for mechanis-
tic models In this spirit, Yeh and Barsalou
(2000) developed a taxonomy of situation
types. Specifically, they proposed that three
factors — grain size, meaningfulness, and tan-
gibility — can be used to construct a taxon-
omy of situations.

5.2.1. GRAIN SIZE

The situations that have been reported to
affect conceptual processing range from
large to small grain sizes. Toward one
extreme, a situation can be an entire phys-
ical setting over an extended period of
time, such as the classroom in which course
material is learned over a one-hour period.
Toward the other extreme, a situation can
be the stimulus immediately adjacent to a
target stimulus for a few moments, such as
a context word that primes a target word
momentarily.

Both spatial and temporal extent under-
lie grain size. Spatially, a situation can range
from a large physical setting (e g., a park) to
a computer that presents a pictured scene,
to an adjacent stimulus within a computer
display (the object next to a target objectina
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pictured scene). Temporally, a situation can
range from the entire learning phase of an
experiment, to the serial presentation of sev-
eral stimuli, to a trial that contains a single
configuration of stimulus elements. Thus,
a situation can vary from a large 1egion of
space over an extended period of time, down
to a small region of space for a moment.

Typically, a given stimulus exists in a hier-
archically organized set of situations across
multiple grain sizes simultaneously. There
is not just a single situation for a stimulus —
typically there are many Furthermore, it is
difficult, if not impossible, to specify the
potential space of situations exhaustively. A
focal stimulus can potentially occur in an
infinite number of situations and be viewed
from an infinite number of perspectives. The
situations that pervade cognition are open
ended and difficult to enumerate. As Yeh
and Barsalou (2006) show, situation effects
at diverse grain sizes affect conceptual pro-
cessing.

5.2.2. MEANINGFULNESS

The relation between a focal object and
a situation can range from arbitrary co-
occurrence to meaningful interdependence.
In arbitrary co-occurrence, there is no expla-
nation for why an object occurs in a situation
and vice versa. Furthermore, predicting that
the situation will contain the object is not
possible. When participants learn random
words in a particular classroom, for exam-
ple, the relation between the words and the
classroom is arbitrary. Knowing the situa-
tion does not explain or predict the focal
elements of interest.

Alternatively, the relationship between
an object and a situation can be meaning-
ful and predictable In these situations, the
object and situation belong to a coherent sys-
tem whose parts have strong dependencies
between them. In a classroom that contains
desks, chairs, and blackboards, for example,
people can explain why these entities belong
together, and they can predict one from per-
ceiving the other.

As Yeh and Barsalou (2006) show, both
arbitrary and meaningful situations produce
situation effects Even if an object only bears

an arbitrary relation to its situation, associa-
tions develop between the object and sit-
uation that produce these effects Impor-
tantly, however, situation effects appear to
be greater in meaningful situations, probably
because stronger relations develop between
situations and objects.

5.2.3. TANGIBILITY
Situations also vary in the extent to which
they are physically present versus imagined.
For any stimulus, a physical situation is
always present. However, people also fre-
quently imagine background situations for
focal stimuli. While recalling a word list in a
new room, for example, participants might
imagine the original room in which the list
was learned, As Yeh and Barsalou (2006)
review, a focal stimulus often induces par-
ticipants to imagine a background situation
that is meaningfully related to the stimu-
lus, especially when a meaningful situation
is not provided Participants might see a hat
above a shirt, for example, and imagine that
a nondepicted person is wearing them. O
a participant might see a picture of a bird
with its wings extended and imagine it fly-
ing through the sky. Many situation effects
result from imagined situations that target
stimuli elicit

5.3. The Cumulative Nature of Situations

As we just saw, situations appear to vary
in grain size, meaningfulness, and tangibil-
ity. A potential implication is that people
often perceive and imagine a complex set of
hierarchically organized situations simulta-
neously for a given focal stimulus. At this
time, we do not have accounts of what
a hierarchically organized set of situations
contains, or how it is constructed. What
situations are present at what grain sizes?
How do they originate? Are some always
present in perception, perhaps because they
reflect obligatory processing during percep-
tion? Are others created in an ad hoc manner
as they become relevant to current goals?
A related issue concerns how all of the
situations represented simultaneously at a
given time become integrated to create the
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illusion of a single coherent situation. Also,
how do situations at small grain sizes come
and go while situations at large grain sizes
remain relatively constant? These are just a
few of the many fundamental issues asso-
ciated with situated conceptualization that
remain not just unresolved but unaddressed.
Hopefully, issues such as these will receive
significant attention in future research.
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Notes

1 Interoception will refer to the perception of
internal states, including affects {e.g., calm-
ness), emotions {e.g., happiness), motivations
(e.g, hunger), pains (e g, headache}, cogni-
tive states (e.g., belief), cognitive operations
(e.g, comparison), and so forth. Interocep-
tion will not include somatosensory states,
given their close coupling with the motor sys-
tem.

2 Quotes will be used to indicate linguistic
forms, and italics will be used to indicate
conceptual representations. Within concep-
tual representations, uppercase italic font will
indicate categories, whereas lowercase italic
font will indicate properties of categories.
Thus, BIRD indicates a category, whereas
feathers indicates a property, with “bird” and
“feathers” indicating the respective linguistic
forms.

3 I do not mean to rule out the possibility
of amodal symbols in the brain, although I
am increasingly skeptical that they exist in
classically postulated form. Perhaps a more
likely possibility is that patterns of active neu-
rons in association areas constitute amodal
recodings of activations in modality-specific
areas. Should such patterns exist, however,

they may not operate as stand-alone symbols
but may primarily serve to activate modality-
specific patterns that play central roles in the
representation process Furthermore, these
patterns are likely to have modality-specific
tunings, such that they are actually not
amodal. Indeed, the fact that association
areas often lie within modality-specific sys-
tems argues against their being completely
amodal . For further discussion of these issues,
see Damasio (198¢) and Simmons and Barsa-
lou (2003).

4 Why does selective attention focus on some
components of experience but not others?
Many factors influence this process, includ-
ing genetics, language learning, cultural trans-
mission, and goal pursuit. Explaining these
mechanisms lies beyond the scope of this
chapter. Furthermore, this is the classic prob-
lem of relevance (eg, Murphy & Medin,
1985; Sperber & Wilson, 1986), and any theory
of knowledge (not just this one) must address
it.

s The mechanism of situational constraint may
also play a significant role in minimizing the
frame problem, along with related problems
associated with nonmonotonic reasoning.

6 Although this definition of concepts stresses
empirical factors, genetic factors undoubt-
edly play central roles as well There is no
a priori reason, for example, why a simu-
lator could not originate genetically. More
plausibly, genetic factors probably play major
roles in specifying the feature and associa-
tion areas that underlie the empirical acqui-
sition of simulators (e.g, Simmons & Barsa-
lou, z003) Furthermore, these genetic factors
may reflect evolutionary history by anticipat-
ing features and conjunctions of features that
are important for acquiring relatively con-
stant categories in the environment, action,
and interoception (cf Caramazza & Shelton,
1998)

;7 The definition of situation adopted here is
designed to handle everyday situations that
people encounter during daily activity. It
does not attempt to cover more specialized
situations that occur in technical and formal
activities {e.g , mathematics). Situations are
likely to be just as important in these other
domains (e g., Barwise & Perry, 1983; Chi, Fel-
tovich, & Glaser, 108; Greeno, 1998). How-
ever, they are not pursued here.

8 As described later in the section on radial
categories, this proposal about situated
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conceptualizations is not equivalent to stan-
dard accounts of subordinate categories.
Rather than simply represent a subordinate as
an isolated category, the proposal here is that
specific types of instances (including subordi-
nates) are represented in background settings,
such that a given subordinate might be repre-
sented separately in many possible situations
in which it occurs regularly

9 Yeh and Barsalou also propose a third the-
sis not discussed here, which states that the
first two theses hold only when people per-
form conceptual processing and do not rely
on supetficial processing strategies, such as
using familiarity to guide performance.

10 The expression “being there conceptually”
could be understood as claiming that agents
experience these situations consciously. The
sense of being there conceptually intended
here, however, is that neural systems ready
themselves for perceptions, actions, and in-
teroceptions likely to be 1elevant in the cur-
rent situation Although these neural systems
may often produce conscious states, the focus
remains on the neural processing that under-
lies consciousness.

1 In this literature, Schwanenflugel and other
researchers refer to “situation availability” as
“context availability ” Situation is used here
instead, because it has roughly the same
meaning and is the central construct in this
chapter
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