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Figure 1.l The transduction ofamodal symbols from modal states in standard cognitive 
architectures (Panel A). Use of transduced symbols to represent the meaning of a word 
(Panel B). See the text for further description. 

the experience of a dog). Although words often stand for transduced amodal 
symbols (e.g., leg), most theories assume that sub-linguistic symbols, often 
corresponding closely to words, are actually the symbols transduced (e.g., in 
Figure 1.]). 

Once established in the brall1, amodal symbols later represent knowledge 
about the category across a wide range of cognitive tasks (Figure 1.1, Panel B). 
During language comprehension, hearing the word for a category (e.g., 
"dog") activates amodal symbols transduced from modal states on previous 
occasions. Subsequent cognitive operations on category knowledge, such 
as inference, are assumed to operate on these symbols. Note that none of 
the modal states originally active when amodal symbols were transduced 
(Figure J.l, Panel A) are active during knowledge representation (Figure l.l, 

Panel B). Instead, <lIl1odal symbols are assuIl1ed to be sufficient, with modal 
states being irrelevant. 

The architecture in Figure l.l underlies d wide variety of standard 
:lpproachcs to representing knowledge, such as feature lists, semantic 
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networks, and frames. This architecture also underlies those neural net archi­
tectures where the hidden layers that represent knowledge are related arbitrar­
ily to perceptual input layers. The architecture in Figure l.l docs not underlie 
neural nets in which input units play roles in knowledge representation. 

The Capture and Simulation of Modal States in Embodied Architectures 

A very different approach to representing knowledge has arisen recently in 
theories of grounded cognition. Actually, this approach has deep roots in 
philosophical treatments of knowledge going back over 2000 years (e.g., Epi­
curus, 341-27oBCI1987). Modern theories can be viewed as reinventions of 
these older theories in the contexts of psychology, cognitive science, and cog­
nitive neuroscience (e.g., Barsalou, 1999, 2008; Prinz, 2002). Interestingly, the 
amodal architectures that currently dominate the field constitute a relatively 
recent and short presence in a historical context where theories grounded in 
the modalities have dominated. 

Figul"'2 1.2 illustrates the grounded approach to representing knowledge. 
On experiencing a member of a category (e.g., dogs), modal states are again 
represented as activations in the visual system, auditory system, motor sys­
tem, somatosensory system, and so on (Panel A). As for Figure 1.1, modal 
states are only shown for sensory-motor systems, but this approach assumes 
hat such states are also captured during the introspection of those motiva­

tional states, affective states, and cognitive states available to consciousness. 
Local association areas then partially capture these modality-specific states 
(shown in Panel A as asterisks). Higher-order cross-modal associations (also 
sho\l'n as asterisks) then integl'ate conjunctive neurons in lower-order asso­
ciation areas to establish a multimodal representation of the experience. 

Once established in the brain, these muhimodal associative structures rep­
resent knowledge about the category across a wide range of cognitive tasks 
(Figure 1.2, Panel B). During language comprehension, for example, hearing 
the word for a category (e.g., "dog") activates conjunctive neurons in higher­
order cross-model association areas that have previously encoded experiences 
of the respective category. In turn, these conjunctive neurons activate lower­
order conjunctive neurons that partially reactivate modal states experienced 
previously for the category. These neural reenactments attempt to simulate 
the modal states likely to occur when actually encountering category mem­
bet·s. As the dashed arrows in Panel B illustrate, the modal states are only 
partially re'Tnacted, not fully reenacted. For the remainder of this chapter, 
these reena~ments will be referred to as simli/a/ioIIS, given that they result 
frolll the brain attempting to simulate previous experience. 
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Figure 1.2. Conjunctive units in hierarchically organized association areas capture 
modal states across modalities in grounded theories of kno\vledge (Panel A). Cap­
tured IDultimodal states are simulated to represent the meaning of a word (Panel B). 
See the text for further description. 

The capture-and-simulate architecture in Figure 1.2 underlies a wide 

variety of traditional and modern approaches to representing knowledge. 

Whereas some of these approaches focus on mental images, others focus 

on neural reenactments of modal states In the brain, which may often be 

unconscious. All share the common assumption that the representation of 

knowledge is grounded in modal states rather than in amodal symbols trans­

duced from them. All share the common assumption that simulations of 

previous experience are central to cognition. 

Additional Assumptions 

Several misunderstandings often arise about the simulation architecture in 

Figure 1.2. First, this architecture is often viewed as an instantiation of classic 

empiricist theories. Second, this architecture is often viewed as a recording 

system incapable of interpretation. Third, this architecture is often \ iewed 

as capturing knowledge only from perception of the external world. Each of 

these misunderstandin~swill be addressed in turn. 
hrst, tbe :lrcbitecture in Figure 1.2 need not be a classic empiricist the­

ory. In principle, ~~x~cifi..:: ::.imutations could be geneticall)' determined ruther 

Grounding Symbolic Operations in the Brain's Modal Systems 

than being acquired from experience. If particular simulations had evolu­

tionary significance, they could be genetically encoded into the brain such 

that they are ready to become active in relevant situations. A more likely 

possibility is that strong genetic constraints determine the feature systems 

and association areas that exist in the brain. Because certain categories of 

objects, events, and introspective states were important over evolution, a 

neural architecture evolved,that is optimally prepared to represent and pro­

cess these particular categories (cf. Caramazza & Shelton, 1998). Although 

experience wi th categories is necessary to establish representations of them in 

memory, the feature systems relevant for representing these categories orig­

inate genetically, as do the associative systems for integrating them. Indeed, 

nativists have often assumed that images are central to cognition (e.g., Kant, 

178711965; Reid, 178Sh969). There is no a priori reason why a system that uses 

simulation to represent knowledge cannot have strong genetic constraints as 

weil. 

Second, the architecture in Figure 1.2 need not be a recording system. 

Unlike a camera or video recorder, this architecture is not limited to cap­

turing holistic bit-mapped records of experience. Instead, the interpretation 

of experience lies at the heart of this account, where interpretation arises 

from the application of symbolic operations (Barsalou, 1999, 2003a, 200sa). 

Because this account is the focus of this chapter, it is not described further. 

As \.vill become clear, this architecture is highly capable of implementing 

interpretation. 

Third, the architecture in Figure 1.2 need not only acquire knowledge from 

perception of the external world. Instead, it can capture extensive amoun ts 

of knowledge from introspection, namely, from the internal perception of 

affect, motivation, proprioception, pain, pleasure, cognitive states, cognitive 

operations, and so on. Because the human brain is capable of perceiving 

internal states (to some extent), it captures these states and simulates them 

on subsequent occasions. just as it captures and simulates the perception 

of external states. As described later, the capture and simulation of internal 

states appears central to the representation of abstract concepts, specifically, 

and to human cognition, more generally. Thus, the architecture in Figure 1.2 

can be applied to the capture and simulation of both external and internal 
states. 

The Status ofEmpirical Evidence for Grounded Knowledge 
Accumulating empirical evidence supports the simulation architecture in 

Figure 1.2. ~any findings indicate that the brain's modal systems for per­
ception, action, and introspection are active during the higher cognitive 
activities of memory, knowledge, language. and thought. for reviews of 
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such as occlusion should affect the combination process. Wu and Barsalou 
manipulated occlusion by asking half the participants to generate proper­

ties for isolated noun concepts (e.g., lawn) and by asking the other half to 

generate properties for the same concepts preceded by revealing modifiers 

(e.g., rolled-up lawn). Wu and Barsalou predicted that if people simulate lawn 
to generate its properties, they should rarely produce its occluded properties, 

such as dirt and roots. As in actual perception, occluded properties should not 

receive much attention because they are hidden behind an object's surface. 

Conversely, Wu and Barsalou predicted that when people combine rolled-up 
and lawn, previously occluded properties would become salient in simula­

tions and be produced more often. 
Amodal theories of conceptual combination do not readily make this 

prediction, given that they do not anticipate effects of perceptual variables 

like occlusion. To the con trary, these theories typically assume that concep­

tual represen tations abstract over perceptual variation associated with occlu­

sion, size, shape, and orientation. Furthermore, amodal theories are relatively 

compositional in nature (e.g., Smith, Osherson, Rips, & Keane, 1988 ). When 
people combine rolled-up with lal\'n, for example, the meaning of the concep­

tual combination should be roughly the union of the individual meanings. 

Unless additional post hoc assumptions are added that produce interactions 

between nouns and modifiers, the properties for lawn are not obviously 

cha.nged by rolled-up (e.g., the accessibility of dirt and roots does not vary). 

As Wu and Barsalou predicted, internal properties were produced relatively 

infrequently for isolated nouns. Conversely, internal properties increased 

significantly \-\'hen revealing modifiers \\'ere present during conceptual com­

bination.Internal properties were also produced earlier in the protocols and 

in larger cluslers. 
In a second experiment, Wu and Barsalou showed that occlusion affected 

conceptual combination in both familiar and novel noun phr<1ses. One 

possibility is that people store amodal descriptions of familiar conceptual 

combinations based on past experience with their referents. When peo­

ple encounter instances of half watermelon and see the properties of red 
and seeds, amodal symbols for red and seeds are activated and stored with 

half watermelon. On later occasions, red and seeds become active when half 
watermelon is processed. In contrast, red and seeds become active much 
less often when half and watermelon are processed in isolation, given that 

red and seed.' are less relevant for the Iwl! and watermeloll when processed 

individually. 
I[this aC((lU ilt is correct, then occl lIsion effects should be less likely to occu r 

for novel nounlJhrases, given that lJeolJ\c have not seen their instances and $0 
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would not have had the opportunity to store properties associated with them. 

Instead, people would have to rely on their existing amodal representations of 
hal! and waterl11e1on to represent the combination. Occlusion effects should 

not occur, given that the rate of producing internal properties of a noun 

should be the same for the noun in isolation as when combined with a novel 

modifier. For example, the rate of producing engine should be approximately 

equal when producing properties for car and for the novel combination, 

glass car. 
Wu and Barsalou however, observed occlusion effects for novel combi­

nations, suggesting that participa.n ts simulated their referents to perform 

conceptual combination. Because occluded properties (e.g., engine) were 

produced more often for novel combinations (e.g., glass car) than for iso­

lated noun concepts (e.g., car), participants appeared to be simulating the 

novel combinations, such that in ternal properties of the head nouns became 

unoccluded. 

In a third experiment, \lVu and Barsalou assessed another amodal account 

ofthe occlusion effect. Perhaps rules stored ....lith the modifiers are responsible 

for the increase in occluded properties. Whenever participants encounter a 

revealing modifier, a rule becomes active that increases the weight of the 

amodal symbols that represent internal propertjes of the following head 

noun. For example, when rolled-up is combined with lawn, the rule associated 

with rolled-up increases the activation of internal features of lawn, such as 

dirt and roots. As a result, these properties are produced at higher rates than 

when properties are produced for the head noun in isolation. 

If such rules are responsihle for occlusion effects, a given modifier should 

generally increase the salience of occluded properties, regardless of the head 

noun. vVu and Barsalou showed however, lhat for many noun phrases, the 

presence of a revealing modifier did not increase the salience of internal 

"-- properties. When rolled-up was combined with snake to create rolled-up snake, 
internal properties were not generated more often than for snake in isolation. 

Thus, a rule associated with rolled-up does not increase the salience of the 

internal properties for whatever head noun is modified. Instead, internal 

properties only become more salient when a revealing modifier becomes 

combined with only those entities whose internal parts become unoccluded 
when the modifier is combined with them. 

This finding further implicates simulation in conceptual combination. 
Because internal properties do not become unoccluded in a simulatIOn of 
a rolled-up snake, participants do not produce them more often during 
property ?,eneration. Because internal pl'opcrties do become unoccluded in 
a simulation of a rolled·up lawn, lJarticilJants IJI'oduce them more oftell. 
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Across Wu and Barsalou's experiments, the resul ts support the conclusion 

that people manipulate simulations to represent conceptual combinations. 

vV'hen a simuJ ation reveals occluded properties, they are produced more often 
than when they remain occluded. Occlusion affects conceptual combination 

even for novel combinations, suggesting that simulations are being con­

structed online to represent them. Occlusion effects do not occur when com­

bining a revealing modifier with a head noun does not refer to something 

whose internal properties become unoccluded. Clearly, much more evidence 

is required to establish that simulation plays a central role in conceptual 

combination. Nevertheless, the initial evidence suggests that this possibility 

has some Iikelihood of being correct. 

Abstract Concepts 

Similar to conceptual combination, very little research has addressed the role 

of simulation in abstract concepts. Again, the initial evidence suggests that 

simulation may be important. 

The proposal that simulation repnGsents abstract concepts runs counter to 

most current views, which have their roots in Paivio's (1971,1986) Dual Code 

Theory. Based on the ,findiT1g that memory tends to be better for concrete 

concepts than for abstract concepts, Paivio proposed that only the language 

system represents abstract concepts. Because both the language and simula­

tion systems represent concrete concepts (two systems), memory for concrete 

concepts is good. Because only the language system represents abstract con­

cepts (one system), memory for abstract concepts is inferior. Based on a wide 

variety of related findings, many researchers have since echoed this view. In 

particular, nearly all neuroimaging researchers who have assessed the neural 

bases of concrete and abstract concepts have concurred with Dual Code The­

ory (for a review, see Sabsevitz, Medler. Seidenberg, & Binder, 2005). Because 

these studies have generally found left-hemisphere language areas to be more 

active for abstract than for concrete concepts (especially Broca's area), they 

have concluded that language represents abstract concepts. 

A logical problem with this account is that language per se cannot rep­

resent a concept. If people use an unfamiliar foreign language to describe 
the meaning of an abstract concept, they do not understand the concept 

(cf. Searle, 1980). They only understand the concept once they can ground 
the language in experience (also see Schwanenf1ugel, 1991). This suggests 
that simulations of situations should be central to the representations of 
abstract concepts. Thus, Rarsalou (1999) proposed that abstract concepts 
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refer to distributed focal content within a background situation, where the 

focal content often includes introspective states, events, and the relations 

between them. Furthermore, when people are asked to represent an abstract 

concept when a physical situation is not mentioned explicitly, they simulate 
a relevant situation and focus on regions of the simulation relevant to the 
concept. 

Consider how an every~ay sense of truth might be represented from this 
perspective. Imagine that a speaker makes a claim about a situation, such as, 

"It is snowing outside." Further imagine that a listener represents the claim 

(perhaps as a simulation), compares it to perception of the actual situation, 

and decides if the claim interprets the situation accurately. If the simulated 

claim represents the perceived situation accurately, the claim is interpreted as 

true. Thus, this sense of truth is grounded in a complex multimodal situation 
extended over time. 

According to the PSS account, people simulate complex situations like 
these to represent abstract concepts in the absence of actual situations and 

focus attention on relevant content within these simulations. For this sense 

of truth, people focus on the speaker's claim, the listener's representation 

of its meaning, the listener's perception of the corresponding situation, the 

listener's comparison of the represented claim to the perceived situation, and 

the listener's conclusion about whether the two match. Although the rest Gf 
the situation is backgrounded, it frames the focal content. 

Besides offering this simulation-based account of truth, Barsalou (1999) 

also offered similar accounts of negation and disjunction, and suggested simi­

lar approaches for implementing mathematical and logical reasoning. In gen­

eral, many abstract concepts, such as freedom and invention, can be viewed as 

being grounded in complex simulations of multimodal situations, with sim­

ulated content about events, introspective states, and the relations between 

\.. them being foregrounded against backgrounded situational content. 

Evidence from Property Generation 

I3arsalou and Wiemer-Hastings (2005) offered preliminary support for this 

aCCOunt. When participants generated properties of concrete and abstract 
concepts, they generated distributions of properties that contained more 

similarities than differences. For each type of concept, participants tended 
to describe the situCitions in which a concept occurred, including relevant 
information about ,1gents, objects, settings, events, and mental states. Par­
ticipants produced all these different typcs of propenies {or both Concrete 
and abstract concepts, and produced them in comparable distributions. This 
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finding strongly suggests that participants represented both concrete and 

abstract concepts in situations. 
Although strong similarities existed between these distributions for con­

crete and abstract concepts, differences existed in content and complexity as 
well. Regarding content, concrete concepts focused more on objects and set­

tings than did abstract concepts, whereas abstract concepts focused more on 

mental states and events. Regarding complexity, abstract concepts included 

more information, deeper hierarchical structures, and more contingency 

relations than did concrete concepts. 
Overall, these findings are consistent with the view that people situate 

concepts when they represent them, regardless of whether they are concrete 
or abstract. Although people focus on different content within situations, 

situations remain present as background. Importantly, these results do not 

indicate whether people simulate these situations or represent them using 
amodal symbols. However, much indirect evidence is consistent with the view 

that people use simulation to represent background situations (for revie\\'s, 

see Barsalou, 2003b , 2005b; Barsalou, Niedenthal, Barbey, & Ruppert, 2003; 
Yeh & I:larsalou, 2006). The next experimen t offers direct evidence tha t people 

use simulation to represent the situations that underlie abstract concepts. 

Evidence from Brain Activation 
As mentioned eark,', neuroimaging research on abstract concepts has largely 

adopted Paivio's (1971, 1986) view that abstract concepts rely on the brain's 

language system, not on the simulation system. Wilson, Simmons, Martin, 

and Barsalou (in preparation) argue however, that previous neuroimaging 

experiments have primarily observed activations in language areas because 

they used tasks that encourage superficial linguistic processing (e.g., lexi­

cal decision, synonym judgment). Because information from the language 

system was sufficient for performing the tasks in these experiments, the si m­

ulation system was not engaged (Barsalou, Santos, Simmons, & Wilson, in 

press; Glaser, 1992 ; Solomon & Barsalou, 2004; Kan et aI., 2003)· 
To engage the simulation system, Wilson et al. presented the name of an 

abstract concept to participants in an fMRI scanner for 5 sec, and then had 
them verify whether the concept applied to a subsequent picture. For exam pie, 

participants received the word "convince" for 5 sec and assessed whether the 
concept convinc,· applied to a subsequent picture of a politician speaking to 
a crowd (or did not apply to a picture of ~l park). \Vilson et al. argued that 
participants had to activate a deep conceptual represcntation of the abstract 
cOllcept during the 5- sec priming period to determine whether the concept 
applied to the subsequcnt picture. if so, tllt'l! arc,,'; in\'ol';ed in simulation 
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should become active as participants prime conceptual representations of 

the abstract concept. 

Wilson et al. confirmed this prediction. Vlhen participants received the 

abstract concept convince and prepared to assess whether it applied to a 

subsequent picture, they activated brain areas involved in representing men­

tal states and social interaction. Similarly, when people prepared to assess 

whether the abstract concept arithmetic applied to a subsequent picture, they 

activated brain areas involved in performing arithmetic operations. For both 

concepts, participants simulated rcle\'ant situations to represent the respec­

tive concept during the priming period prior to receiving a picture. Notably, 

the language system was not more active for abstract concepts than for con­

crete concepts under these task conditions, suggesting that the priming task 

activated deep conceptual representations for the abstract concepts. 

These findings suggest that people use simulation to represent abstract 

concepts. When given the word for an abstract concept, people simulate 

the situations in which the concept occurs. Clearly, much further evidence 

is required to confirm this finding. Combined with previous evidence that 

people usc simulations to represent situations, however, it is reasonable to 

assume that future evidence will show that people represent abstract concepts 

with simulated situations as well. 

Limitations of the Current Evidence 

The findings that support the PSS accounts of symbolic operations are clearly 

limited. At this point in time, very little research has addressed these accounts. 

Although the greatest amount of research performed so far has addressed 

predication, Illuch further work is clearly required to conclude decisively 

that simulation implements this symbolic operation. Given that even less 

research has addressed conceptual combination and abstract concepts, even "­
greater caution is necessary in drawing conclusions about how these sym­

bolic operations arise. Nevertheless, the initial evidence suggests that the PSS 

accounts of these operations are plausible. 

Beside the lack of evidence, a lack of process models and formal mod­

els also currently characterizes research on these issues_ Clearly, models 

must be developed that describe in detail how simulation mechanisms 
implement symbolic operations. The descriptive accounts offered so far in 
Barsalou (1999, 2003a, 2005a) outline architectures and mechanisms that 
could certainly structure these 1l10dek Nevertheless, such architectures and 
mechanisms must be specified in detail illld implemented computationally 
to ensure that they produce symbolic operations. 
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Once such models have been speci fied, they are likely to generate increas­

ingly sophisticated empirical research that goes beyond demonstration exper­

iments. Rather than simply demonstrating the presence of modal activity, 

later generations of experiments should attempt to isolate specific mech­

anisms in these models and the coordination between them (cf. Barsalou, 

Breazeal, & Smith, 2007). 

SYMBOLIC OPERATIONS ARISE FROM INTERACTIONS 

BETWEEN LANGUAGE AND SIMULATION 

In addressing the nature of symbolic operations, the focus has been on sim­

ulation. It is highly likely however, that symbolic operations in humans do 

not result from simulation alone but instead reflect interactions between 

language and simulation. 

To see this point, first consider the possible presence of simulation mech­

anisms in Ilonhumans who lack linguistic systems. Following evolutionary 

theorists, the basic architecture of the human conceptual system may have 

existed in previous species (e.g., Donald, 1993). From this perspective, the 

simulation system existed long before humans, so that multimodal expe­

rience could be captured to inform situated action (e.g., Barsalou, 200sb). 

Much like humans, nonhumans have attentional systems that could allow 

them to isolate regions of experience and store categorical knowledge about 

these regions in simulators. By establishing simulators in this manner and 

organizing them situationally, nonhumans could simulate anticipatory infer­

ences that support feeding. reproduction, and so on. 

If nonhumans have simulators that correspond to regions of experience, 

then nonh lllllans have simple symbolic abilities. Nonhumans can bind tokens 

to types (i.e.. categorize entities and events in perception). Nonhumans can 

combine concepts to recognize novel combinations offamiliar concepts (e.g., 

a familiar food appearing in a familiar location where the food has not been 

perceived previously). On hearing a communicative call, nonhumans simu­

late an associated referent (e.g., Gil-da-Costa, Braun, Lopes, Hauser, Carson, 

Herscovitch, & Martin, 2004). Clearly, these symbolic capabilities are sim­

pler than those of humans, yet they are symbolic abilities that link conceptual 

knowledge (simuI3tors) with experience. 

Consistenl with evolutionary theorists (e.g., Donald, 1993), symbolic capa­
bilities could have increased dramatically once language evolved to control 

the simulation system in humans. Adding language incr·eased the abilityofthe 
simulation system to represent non-present situations (past, future, coun­
lcrfactual). Adding language increased the ability to reference introspective 
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states, thereby increasing the ability to represent abstract concepts and per­

form metacognition. Adding language increased the ability to coordinate 

simulations between agents, yielding more powerful forms of social organi­
zation. 

The la nguage system appears to play cen tral roles in prod ucing the compo­

sitional structure of simulations (Barsalou, 1999, 2003a, 200sa). For example, 

the syntactic structure of sentences could control the retrieval, assembly, and 

transformation of the componential simulations that are combined to repre­

sent sentences and texts. Similarly, interactions between language and simu­

lation could produce the complex compositional structures that underlie the 

nceptual combinations, productively produced phrases, and recursively 
embedded structures that characterize human cognition. 

A variety ofother complex symbolic interactions mayalso arise from inter­

actions between the language and simulation systems. When a speaker has 

something to say, a simulation represents it initially (e.g., a speaker simulat­

ing an anticipated hike around a lake at sunset). Putting the simulation into 

words requires control of attention across the simulation. vVhen attention 

focuses on a region, a simulator categorizes it. Linguistic forms associated 

with the simulator, such as words and syntactic structures, become active, 

which are then integrated into the evolving motor program for all utterance 

(e.g., the speaker stating, "['m looking forward to hiking around the lake at 

sunset"). In turn, when a listener comprehends the utterance, its words and 

syntactic structures function as instructions to assemble a simulation com­

positionally that should - ideally - correspond to the speaker's simulation 

(e.g., simulating the speaker's anticipated hike around the lake). 

Complex symbolic interactions also occur extensively during reasoning. 

As people try to figure things out during decision making, planning, and 

problem solving, they simulate the relevant situation and verbalize about it 

~ simultaneously (e.g., deciding whdher it would be better to work at home or 

a t the office later in the afternoon). vVhereas simulations represent the content 

of thought, words manipulate and modify these simulations, as possibilities 
are evaluated and decisions made. 

In general, language provides a powerful system for indexing regions of 

simulations (via simulators) and for manipulating simulations in language 

and thought. As the two systems interact, one may dominate momentar­

ily, followed by the other, perhaps cycling many times, with both systems 

active simultaneously at many points. "'[ost importantly, both systems may 
be essential for achieving the powerful wmbolic abilities <'fthe human cogn i­

tive system (BarsaloLl, Santos, Simmons, & Wilson, in pressl. Neither system 
alone is likely to be sufficient. Inslead, the two syslems work logether to 
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produce human symbolic capabilities. Much remains to be learned about 

interactions between the language and simulation systems and the impres­

sive capabilities that these interactions achieve. 
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