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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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