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Chapter 9

Experiential traces and mental
simulations in language
comprehension

Rolf A Zwaan

9.1 Experiential traces

The goal of this chapter is to put forth a framework for an embodied, experiential view of
language comprehension. The claim is not that the elements of this framework are
entirely new. The contribution lies more in the integration from insights from the diverse
literatures on concepts, episodic and semantic memory, psycholinguistics, computational
linguistics, motor control, and action observation. The key notion in the framework is
that of the experiential trace. Experimental traces are laid down in multiple modality-
specific cortical areas (e.g., Barsalou 1999; Damasio 1999). As such, they are multimodal
records of experience. Importantly, linguistic constructions such as words and standard
phrases are also multimodal experiential traces (Sadoski and Paivio 2001). For ease of
exposition, a distinction will be made between linguistic traces and referential traces, but
the key is that the two types of traces are not intrinsically different from one another
(Zwaan and Madden 2005).

Associations between co-occurring linguistic traces and referential traces, LR associa-
tions, are formed via Hebbian learning. Often, such co-occurrences emerge during
embedded comprehension (Spivey and Richardson, in press), in which language is used to
refer to the immediate environmental context and reference is established via joint atten-
tion (e.g., eye gaze, pointing). Developmental research has established that in such
contexts young language learners use certain heuristics in resolving reference. For exam-
ple, they tend to associate new linguistic constructions with whole objects rather than
with their parts. They also associate new linguistic constructions with new entities, rather
than with items for which they already have a lexical associate.

An additional way in which L-R associations can be formed is via referential bootstrap-
ping. For example, a website for elementary school students features the following riddle:
““What has horns like a giraffe, a deer head, a horse neck, and legs like a zebra?’ The
answer is, of course, an okapi. Although it may not be possible to construct a completely
accurate visual representation of an okapi based on the riddle, this representation will
probably be sufficiently accurate to enable one to recognize an okapi upon being exposed
to this rare mammal, either in the flesh or in the form of a picture.

.
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Fig. 9.1a

In addition to L-R associations, the brain forms L-L and R-R associations. Again,
Hebbian learning is the mechanism. Computational techniques of large corpora of text,
such as latent semantic analysis (LSA; Landauer and Dumais 1997), can be used to
uncover patterns of L-L co-occurrences. These co-occurrences can be temporal or spatial
(linguistic constructions occurring in similar contexts, without necessarily temporarily
co-occurring in such contexts). Just as linguistic traces can co-occur in time and space,
so referential traces can co-occur in time and space (Zwaan and Madden 2005). For
example, tomatoes and lettuce can be found together in salads; staplers and notepads on
desktops; and guitars and drums in recording studios. Given that language most often
describes situations in the real world, or in realistic environments, L-L co-occurrences
tend to reflect R—R co-occurrences.

Techniques such as LSA can capitalize on such second-order correlations between
co-occurrences. For example, Figure 9.1a shows the correlation (r=0.55) between the
distance from Miami for 27 cities in the United States and the LSA cosine in the

Distance from the Netherlands (# of intervening countries)

Fig. 9.1b
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encyclopaedia corpus (http://Isa.colorado.edu/).! Using the same corpus, Figure 9.1b
shows the correlation between the ordinal distance from the Netherlands — 0 for border-
ing countries, 1 for countries separated from the Netherlands by one other country, and
so on — and the cosines between them (r=0.79).

Similar substantial correlations can be found for states in the US and South American
countries. These correlations presumably reflect the fact that cities or countries in close
spatial proximity are more likely to be described in similar contexts than more remote
cities or countries. This could be for a variety of reasons including geological, geographi-
cal, and historical overlap, and the greater likelihood of interactions via trade, travel, and
war: all of these are common topics in encyclopaedias. Although impressive, and poten-
tially useful, such second-order correlations do not allow the inference that meaning is
grounded in co-occurrences of linguistic constructions. Rather, they suggest that L-L
associations often mirror R—R associations and, due to this correspondence, can be used
to enhance language comprehension, for example with regard to enhancing the ability to
anticipate upcoming information. The notion of anticipation in comprehension will be

developed below.

9.1.1 Cross-modal activations

Given that experiential traces are multimodal representations, it follows that when a
trace is activated in one modality, its components in other modalities resonate as well.
For example, phonological representations are activated during reading (e.g., Stone et al.
1997) and orthographic representations are activated during speech comprehension
(e.g., Seidenberg and Tanenhaus 1979) and speech production (Damian and Bowers
2003). Furthermore, there is evidence that auditory representations of words activate the
motor programs used to produce these words and viewing letters activates, in expert
typists, the motor programs used to type them (Rieger 2004; for related evidence see
Beilock, in press; van den Bergh et al. 1990). By the same token, aspects of experience in
one modality may facilitate retrieval of other aspects of the experience. Classic findings
in the memory literature of encoding specificity are cases in point. More recently, it has
been shown that proprioceptive cues facilitate retrieval of posture-congruent autobio-
graphical memories (Dijkstra ef al. 2007). For instance, assuming a reclining posture
facilitates retrieval of memories of visits to the dentist.

9.2 Resonance

Linguistic traces resonate with linguistic input, causing associated referential traces to
resonate as well. The general idea here is consistent with an instance-based view of
memory (e.g., Hintzman 1986), according to which experiential traces resonate to vary-
ing degrees with the input.

1 See Kintsch (Chapter 8, this volume) and Louwerse and Jeuniaux (Chapter 15) for similar analyses
and somewhat different conclusions.

.
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The extent to which experiential traces resonate is a function of their similarity to the
input and their current level of activation. For example, if a referential representation has
recently been activated, it is likely to resonate with a later occurring word, thus inserting
itself in the mental simulation. In support of this idea, we recently found that incidental
exposure to word—picture combinations can affect later reading (Aveyard et al., submit-
ted). The experiment involved two phases: a word—picture verification phase presenting
critical objects in specified shapes or conditions (e.g., a perched eagle), and a subsequent
reading phase (ostensibly unrelated to the first) in which the subjects’ eye movements
were tracked. In this phase, texts were presented that implicitly disambiguated shapes or
conditions of critical objects (e.g., ‘In the sky an eagle ...”). Reading times on the target
word (‘eagle’) were longer when the implied shape in the text mismatched the associated
shape from the first phase (for example, a perched eagle cannot be found in the sky).
Furthermore, total reading times on the prepositional phrase were longer in the
mismatch condition than in the match condition, presumably indicating that the activa-
tion of the contextually inappropriate shape caused subjects to re-encode the location of
the target entity in an attempt to resolve the inconsistency.

Abstractions are an automatic by-product of the resonance process. For example, the
word ‘not’ will activate all instances of having experienced the input “ not’ (e.g., ‘Don’t
pet the doggie;” ‘Do not leave your clothes on the floor;’ ‘Do not talk in class’). Presumably,
the only thing these traces have in common is that a state of the environment has trig-
gered the activation of a goal, the execution of which is subsequently thwarted. This
abstraction process (see also Zwaan and Madden 2005), which may involve a different set
of traces each time, renders the meaning of ‘not’ as a sequence of activation patterns.
First, a representation of an expected or desired state is activated, subsequently activating
the motor programs needed to bring about that state. The execution of these programs is
then blocked, which likely results in an emotional response (e.g., surprise, annoyance,
anger, frustration). Thus, the difference between concrete and abstract words is that
concrete words activate a relatively homogeneous set of traces, whereas abstract words
activate a more heterogeneous set of traces, leading to patterns of activation that differ
more across and within individuals than traces of concrete concepts (see also Barsalou
and Wiemer-Hastings 2005).

9.3 Mental simulation

Activated experiential traces are used in mental simulations of the described situation
(Barsalou 1999).% A notion of mental simulation that is relevant to language comprehension
has been developed in research on motor control and in research on action observation.
Anticipation is a crucial mechanism in motor control. Given the inherent delays in
perception — for example, it takes about one hundred milliseconds to process visual feed-
back — and in action execution, perceptual feedback is not very useful in the control of

2 Elsewhere, I have shown how this view can be viewed as a logical extension of earlier work on situation
models (Zwaan 2004; Zwaan and Radvansky 1998).

.
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motor actions. Instead, the central nervous system produces a mental simulation, called a
forward model, which uses a copy of the efferent signal to the effectors to predict the senso-
rimotor consequences of motor commands. Discrepancies between the predicted and the
observed perceptual input are used to fine-tune the system, by inducing synaptic weight
changes, such that future predictions in similar situations will be more accurate. In one
model, simulation involves a range of motor programs, which are activated in resonance
fashion to the extent that they match the current situation (Wolpert et al. 2003).

Similar anticipatory mental simulations are thought to underlie action understanding
and social interaction (Gallese et al. 2003; Wolpert et al. 2003). Empirical evidence
is consistent with this idea. For example, during the performance and observation of a
block-stacking task, the observer’s pattern of eye fixations mirrors that of the performer;
both precede the movement of the blocks (Flanagan and Johansson 2003). This experi-
ment suggests that the observer is using the same anticipatory eye movement program to
understand the action that the actor is using to perform the action. Importantly,
this anticipatory pattern is not found when the actor is hidden from view and the blocks
seem to move by themselves. In this case, eye movements trail the blocks. In other words,
this experiment shows very elegantly that anticipatory processing occurs during action
observation, but only when the observer interprets the actions as being performed by a
conspecific.

Single-cell recordings in the macaque monkey ventral premotor cortex provide
detailed analyses of the recruitment of motor programs during action observation
(e.g., DiPellegrino et al. 1992). In this model, some fire when the monkey observes an
action being performed that it also has in its own action repertoire (e.g., grasping a food
item). These neurons have been termed mirror neurons. Mirror neurons have also been
shown to fire when the monkey hears a sound associated with an action in its repertoire,
for instance cracking a nut (Kohler et al. 2002).

Importantly, mirror neurons are responsive to an understanding of the goal of an
action. When the monkey knew there was food behind a screen, its mirror neurons
responded when the experimenter’s hand moved towards the food, even though the
hand disappeared behind a screen. The activation pattern was similar to a condition
without the screen; some mirror neurons responded equally strongly in both conditions,
whereas others responded more strongly in the full vision condition. In contrast, mirror
neuron activity did not occur, with or without screen, if there was no food, but the exper-
imenter made the same grasping movement (Umilta et al. 2001). Thus, in the monkey
brain, having a mental representation of the goal of a grasping action seems both neces-
sary and sufficient for mirror neuron activation; however, this restriction does not seem
to hold for the human brain (Greézes, Armony et al. 2003).

A recent computational approach (Keysers and Perrett 2004) suggests how sensory
information becomes associated with motor programs due to the anatomical connec-
tions between the superior temporal sulcus area, which responds to visual and auditory
stimulation, and areas PF and F5, which receive input from superior temporal sulcus.
Because a subset of neurons in these areas show some degree of viewpoint independence,
the monkey learns to associate not only the sights and sounds of its own actions with

.
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motor programs, but also the sights and sounds of the same actions performed by others.
Converging evidence has been provided in brain imaging studies of humans (correspon-
ding human areas are Brodmann areas 44 and 6, posterior parietal lobe, and superior
temporal sulcus). When humans observe a facial action that is within their repertoire
(e.g., human or monkey lip smacking), blood flow increases in the premotor cortex.
However, when a facial action is observed that is outside the human repertoire
(e.g., barking), activation of the visual, but not premotor, cortex occurs (Buccino
et al. 2004). The human mirror system appears to be more flexible than the monkey’s
in that it responds to a broader range of actions, including mimed ones in which no
goal object is present, as well as to the visual presentation of manipulable objects (Grezes,
Armony et al. 2003).

If motor resonance occurs during the direct observation of actions, then one might
also hypothesize that it is used in the understanding of actions that are conveyed
via language (e.g., Gallese and Lakoff 2005; Rizzolatti and Arbib 1998). This hypothesis
predicts that exposure to words denoting or sentences describing actions or objects
associated with actions would result in motor resonance. Neuroimaging (for a review, see
Pulvermiiller, Chapter 6, this volume) as well as behavioural research (e.g., Bub ez al.,
in press; Glenberg and Kaschak 2002; Tucker and Ellis 2003; Zwaan and Taylor 2006)
supports this prediction (see Fischer and Zwaan, in press, for an extensive review of this
literature).

9.4 Presonance

What is all this activation good for? It allows organisms to anticipate to a certain degree
upcoming states of the environment and of the organism itself. Elsewhere, we have called
this anticipatory skill, presonance (Zwaan and Kaschak, in press). The notion of preso-
nance captures two components of anticipation: prediction and resonance. Experiential
traces are activated by way of resonance with a stimulus in a manner that allows the
organism to maximize its ability to anticipate future states of the environment and of
itself. Presonance should not be thought of as slow and deliberate forecasting. Rather,
it should be thought of as fluency — it is fast and involuntary. The idea of anticipation as a
highly adaptive cognitive mechanism has been proposed by various other researchers
(e.g., Berthoz 2000; Knoblich and Wilson 2005; Wolpert et al. 2003; Zacks et al., in press).
In language, presonance takes on a dual form. Anticipatory processes operate at two
different levels. First, they operate at the linguistic level. For example, co-articulation is an
anticipatory process at work in language production. The way in which a phoneme is
articulated is influenced by the gesture our articulatory system makes in anticipation of
the phonemes that follow. There is a long history in psycholinguistics on research into
syntactic strategies which allow the language processing system to anticipate upcoming
constituents, thereby minimizing processing effort, except in relatively rare cases of
syntactic ambiguity (e.g., Frazier 1979). Similar resource-efficient anticipatory strategies
have been identified at the level of connected discourse (e.g., Kintsch and van Dijk 1978;
van Dijk and Kintsch 1983). The language processing system uses these strategies to antic-
ipate referents in upcoming clauses, thus facilitating the processing of upcoming clauses.

.
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The idea that language processing involves the rapid use of information to anticipate
likely next states in the linguistic input is consistent with constraint-satisfaction views of
language processing (e.g., MacDonald et al. 1994; McRae et al. 1998; Jurafsky 1996).
According to constraint satisfaction models, sentence processing proceeds by activating
many possible interpretations for the sentence. These interpretations compete for activa-
tion on the basis of probabilistic information from the comprehender’s experience with
language. The likelihood of a particular word being used in a particular syntactic
function (MacDonald et al. 1994), the likelihood of a particular syntactic structure being
used (Jurafsky 1996), the preceding context (e.g., van Berkum et al. 2005; Spivey and
Tanenhaus 1998), and other such factors simultaneously constrain the unfolding inter-
pretation of the sentence.

The second level at which anticipatory processes operate is that of the referential
situation. Comprehenders generate anticipations on their experience with events in the
real world, for example, with regard to the chronology and temporal contiguity of the
described events (e.g., Zwaan 1996), with regard to the goals and plans of story protago-
nists (e.g., Graesser et al. 1994), and with regard to a number of other situational dimen-
sions (Zwaan et al. 1995; Zwaan and Radvansky 1998). Shifts on these dimensions lead to
increases in on-line processing load (Zwaan et al. 1995; Zwaan et al. 1998), presumably
because they bring about a decrease in predictability.

Two questions can be asked regarding the relation between presonance and language
comprehension: (1) what can presonance do for language comprehension, and (2) what
can language comprehension do for presonance? A plausible answer to the first question
is: to facilitate the processing of incoming information, thereby enhancing the fluency of
the comprehension (or production) process and minimizing the demand on cognitive
resources. A plausible answer to the question of what language comprehension can do
for presonance might be: to acquire, without any physical danger to the organism, antici-
patory mechanisms that can be used in real-world situations. Suppose someone tells you
‘Don’t eat those red berries or you'll get very sick. This knowledge allows you to antici-
pate what will happen when you eat the berries, and will in all likelihood prevent you
from trying to eat them in the first place. Importantly, language comprehension can
result in anticipatory processes that operate at a much finer level of granularity. This is a
promising way of viewing the role of language comprehension because it provides an
answer to the question: what is comprehension for??

9.5 Is comprehension ornamental or instrumental?

Even if one is convinced by the rapidly growing amount of empirical evidence that
perceptual and motor representations are activated during language use, several signifi-
cant obstacles to embodied theories of language use remain. I will address two of them.
Even if perceptual and motor activation occur routinely during language comprehen-
sion, it does not immediately follow that they are necessary for comprehension.

3 Glenberg (1997) raised — and proposed an answer to — the same question about memory.

.
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They could be ornamental, or epiphenomenal, rather than instrumental to comprehen-
sion. At the theoretical level, the epiphenomenon question can be tackled by making an
appeal to parsimony. If a theory based on perceptual and motor representations can
account for all the findings that amodal, abstract, and arbitrary (AAA) symbol systems
can account for, then why should we postulate the latter, given the wealth of evidence for
the former and the paucity of evidence for the latter (Barsalou 1999)? Moreover,
if perceptual and motor representations are routinely activated during comprehension,
but do not play a meaningful role, we can ask, echoing Wilson and Knoblich (2005):
‘What is the purpose of this neurological extravaganza?’ It does not seem theoretically
parsimonious to assume that there are AAA symbols that are doing all the work and that
the embodied representations are just along for the ride. Moreover, no brain region has
been found that features as the locus for converting analogue perceptual information
into abstract representations (Barsalou 1999).

However, none of this should be taken to imply that lexical representations and the
associations between them do not have a role to play in an embodied view of language
use. Lexical representations are just another type of experiential trace. Moreover, lexical
(and sublexical) associations augment comprehension in at least three ways. First,
they enhance our ability to anticipate upcoming information — to presonate — by provid-
ing an additional stream of anticipatory information. Not only do we anticipate upcom-
ing information by activating relevant situational information, we also generate
anticipations based on lexical associations and typical constituent sequences. Second,
lexical associations allow us to create new experiential traces by way of referential boot-
strapping. For example, linguistic descriptions help us form experiential traces of unfa-
miliar animals, such as okapis, or nonexistent animals, such as griffins, by instructing us
how to use L-L combinations to create R—-R combinations via the already stored L-R
associations. Third, L-L associations lower the demands on attention and short-term
memory. For example, if we have to memorize a sequence of actions to be performed, it
may be efficient to use the associated words as a shorthand.

9.6 What's next?
Several questions should be high on the research agenda for the coming years. Among
them are the following:

(1) in addition to showing that perceptual and motor representations are activated in
language comprehension, we need to specify when and how this occurs,

(2) we need to examine whether and how perceptual and motor simulations interact in
language comprehension,

(3) we need to develop theories about different levels of comprehension. For example,
deeper comprehension should be attainable if we have the described actions in our
repertoire than if we do not, and

(4) we need to examine more closely the role of prior experience (not just declarative
knowledge) in language comprehension.

.
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In my laboratory, we have begun addressing some of these questions. I will conclude
with a brief description of a series of experiments aimed at examining the waxing and
waning of motor resonance during sentence comprehension. Glenberg and Kaschak
(2002) showed that motor resonance occurs when subjects make sensibility judgments
about sentences (‘does this sentence make sense, yes or no?’). However, this does not
directly implicate motor resonance in comprehension. In order to address this question,
we asked subjects to read sentences one segment (two or three words) at a time by rotat-
ing a knob, with every four degrees of rotation resulting in the presentation of a new
segment (Zwaan and Taylor, 2006; experiment 4).4

The critical sentences implied a manual rotation action, for example, ‘After/ lighting/
the candles/ for the/ romantic/ evening,/ he/ dimmed/ the/ lights.’ Each sentence had a
critical region (‘dimmed’ in the example). We hypothesized that reading times on the
critical region should be longer if the actual and implied rotation were in different direc-
tions — for example, turning down the volume requires counterclockwise motion and so
should be read more slowly when read via clockwise rotation than when read via coun-
terclockwise rotation. The idea that motor resonance should occur immediately is
consistent with constraint-based theories of sentence comprehension and with the view
outlined here. Also of interest was the question of what would happen to motor reso-
nance in the regions after the critical region — an article and a noun in all critical
sentences. Figure 9.2 shows the reading times per segment for the critical sentences, the
regions before the verb having been collapsed into one.

The results show motor resonance first appearing on the critical verb and then
disappearing after the verb. The immediate occurrence of motor resonance relative to
the semantic content of the sentence was in accordance with our expectations. However, the

4 Reading by turning a knob at first sight may seem awkward. However, as pilot testing revealed, in fact
it feels surprisingly natural, especially compared with advancing through the sentence via key presses.

.
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disappearance of the effect after the verb is intriguing. One potential explanation of this
finding is that motor resonance only occurs when the action is what is focused on by the
sentence: we call this the linguistic focus hypothesis (LFH). In a recent series of experi-
ments (Taylor and Zwaan, in press), we put the LFH to the test. The sentences in the
previous experiment all shifted attention away from the performance of the action itself
to the acted-upon object (e.g., turning back the clock, dimming the light, screwing in a
lightbulb, turning down the volume).> According to the LFH, if a sentence maintains
focus on the action itself, for example, by modifying it with an adverb, motor resonance
should extend beyond the verb. We tested this prediction by using sentence pairs of the
following type: ‘The runner/ was very/ thirsty./ A fan/ handed him/ a bottle/ of cold/
water/ which he/ opened/ quickly” According to the LFH, motor resonance should now
occur on both the verb and the adverb, and the results support this prediction (Taylor
and Zwaan, in press; experiment 1).

We next performed an even stronger test of the LFH, replacing the action-modifying
adverbs from the previous experiment with subject-modifying adverbs. Consider for
example: ‘The runner/ was very/ thirsty./ A fan/ handed him/ a bottle/ of cold/ water/
which he/ opened/ eagerly” The adverb in this sentence tells us more about the runner’s
mental and physical state than about the manner in which the action is performed.
Therefore, the LFH predicts that motor resonance should occur on the verb, but not on the
adverb. The results support this prediction (Taylor and Zwaan, in press; experiment 2).

We believe that these, and eventually much more fine-grained analyses, are needed to
achieve a better insight into how language orchestrates mental simulations in the
comprehender.

9.7 Discussion

To summarize, I have tried to outline a view of language comprehension that is decidedly
embodied. However, I have also tried to show that this view is not as radical a departure
from earlier disembodied views as might be believed at first sight. There still is an important
role for lexical representations and their associations. However, these are now conceptual-
ized as multimodal embodied mental representations, or experiential traces. I have identi-
fied presonance as a crucial mechanism in motor control, action observation, and language
comprehension. Finally, I have outlined several topics that should be high on the research
agenda, and have briefly sketched how we are currently attempting to address one of them.
These activities lead me to conclude that instead of asking whether cognition, and therefore
language comprehension, is embodied, it is much more fruitful to ask how it is embodied.

Debate

The following is a simulated discussion of this chapter. Because of an unfortunate snafu,
Rolf Zwaan was unable to attend the meeting in Garachico. The editors asked

5 See MacWhinney (2005) on grammatical constituents and perspective shifts.

.
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Max Louwerse to prepare questions of the sort he would have asked if the paper had been
presented at Garachico, and we asked Rolf Zwaan to respond to those questions.

Max Louwerse: Overview papers like these remind me yet again how innovative the
embodied cognition literature is. I am glad that you agree that the question how
language comprehension is embodied is more fruitful than the question whether
language comprehension is embodied. I think, in part, thanks to the embodiment para-
digm reigning over the last decade, the less fruitful question has already been answered:
language comprehension can be embodied. We may, however, disagree on the modal
auxiliaries: can language comprehension be embodied or must it (always) be? You make
the argument that (L-R) associations are formed between linguistic traces and referen-
tial traces, which establish the link between symbolic processing and embodied process-
ing. You also argue for R-R associations and L-L associations. Computational linguistic
techniques like LSA illustrate these L-L associations. These L-L associations are impor-
tant but merely a by-product of R-R associations. And that’s where our points of view
start to differ. I would therefore like to raise four questions.

First, if Hebbian learning explains L-L, R-R, and L-R associations, why is it the
case that for every linguistic trace a referential trace must be activated in order to
assign meaning? We already agreed that, in principle, symbol grounding is needed.
What is your view on a hypothesis that would state that some L-R associations are
formed, which then allow meaning to be bootstrapped through L-L associations? In
other words, could it be the case that some symbol grounding may be needed under
certain circumstances, but not all symbol grounding under all circumstances?

Rolf Zwaan: One important question that needs to be addressed first is whether R repre-
sentations are activated routinely during language processing (production and
comprehension, but in my chapter I focus on comprehension). My answer to this
question would be ‘yes. Evidence is coming out all of the time that supports this view.
I believe you’re asking whether this activation is necessary for comprehension. One
way to examine this is to see what happens if the relevant brain systems cannot be
used for comprehension, for example, because they are otherwise engaged (e.g.,in a
dual-task paradigm) or because they are incapacitated (either permanently as a result
of lesions or temporarily as a result of the administration of transcranial magnetic
stimulation). Absolutely key here is to use or develop comprehension tests that are
sufficiently sensitive. Researchers are beginning to address this issue, but it is still too
early in the game to confidently draw conclusions, although there certainly is some
compelling evidence already that provides an affirmative answer to the necessity
question. Your hypothesis ‘that some symbol grounding may be needed under certain
circumstances, but not all symbol grounding under all circumstances’ doesn’t seem
very testable to me. In order to begin answering it, you would have to specify the
conditions under which you expect symbol grounding to be necessary and those
under which you do not expect symbol grounding to be necessary.

Louwerse: Second, you argue that because perceptual and motor representations
are routinely activated during comprehension, they must play a meaningful role

.
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(‘what would otherwise be the purpose of this neurological extravaganza?’). I would
like to pose the same question to you: if language structures show to encode percep-
tual and motor representations and we routinely use language, they must play a
meaningful role in cognition — what would otherwise be the purpose of this linguistic
extravaganza? Are these linguistic structures simply a by-product of embodied cogni-
tion, or are they in fact used by comprehenders as a mnemonic shortcut to meaning?

Zwaan: 'm not sure I understand what you mean when you say that ‘language struc-
tures ... encode perceptual and motor representations.” The way I conceptualize it,
language structures activate perceptual and motor representations. They therefore
play a very important role in comprehension, because they orchestrate the activation
and integration of these representations.

Louwerse: Third, you allude to the claim that the ‘theory based on perceptual and motor
representations can account for all the findings that AAA symbol systems can account
for” We could discuss whether amodal and abstract symbol systems like the language
system are truly arbitrary, but I have a more mundane question. I have not found
evidence that embodiment theories can account for all the findings that AAA symbol
systems can account for. I will not give an overview of the evidence for AAA symbol
systems (see Landauer et al. 2007), but the two studies I know that attempt to account
for abstract words are the ones you refer to: Zwaan and Madden (2005) and Barsalou
and Wiemer-Hastings (2005). To call these exploratory studies (I use Barsalou and
Wiemer-Hastings’ description) evidence that embodiment theories can account for
all the findings that AAA symbol systems can account for is a stretch. Moreover, I am
tempted to make the opposite argument: in various cases my lab has found evidence
that language structures can explain embodiment findings (see Louwerse 2007;
Louwerse et al. 2006, Louwerse and Jeuniaux, Chapter 15, this volume). So what
would be your view on a position stating that a theory based on perceptual and motor
representations can account for some of the findings that AAA symbol systems
cannot account for, and that a theory based on amodal and abstract symbolic repre-
sentations can account for other findings that perceptual and motor representations
cannot account for?

Zwaan: The easy answer would be that amodal models account for concrete and abstract
representations equally badly. They merely transcode the input. For sure, embodied
frameworks are currently doing a much better job accounting for concrete concepts
than they do for abstract concepts. But they have made promising ways to address this
shortcoming, Barsalou’s approach being one of them. But you are obviously right that
a lot more work is needed. I strongly disagree with your self-assessment that the
research you report in the book chapters you mention can explain embodiment find-
ings that have been published in the literature. What your LSA analyses do, and clev-
erly so, is mimic the output of selected embodiment experiments. This does not imply
that they mimic the underlying cognitive processes. To me, this is the fatal flaw in
your approach. Your reasoning amounts to the claim that Deep Blue provides a model
of a human chess grandmaster.

.
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Louwerse: Finally, I would like to conclude with a broader, overarching question.
Psycholinguistic research was dominated by symbolic theories in the 1960s to the
1990s. It now seems to be dominated by embodiment theories, from the 1990s to
2007. Are we perhaps just dealing with mood swings from our colleagues, who move
explanations from one (symbolic) side of the spectrum to the other (embodied) side,
while in all truth the answer lies — blatantly obvious — right in the middle?

Zwaan: I'm not sure I agree that psycholinguistic research is ‘dominated by embodiment
theories. The situation is quite the opposite, actually. In fact I'd go so far as to say that
even the name ‘psycholinguistics, with its focus on syntax, is inherently nonembod-
ied. If we take the area of cognition more generally, however, it is clear that there is an
increasing interest in embodiment. In large part this is because of the influence of
neuroscience, which keeps on piling up evidence about cognitive processes that seem
difficult to explain from a traditional framework, but that can much more easily be
explained by embodied theories. However, I’d still hesitate to say that the cognitive
literature is dominated by embodiment theories.

I don’t think we’re dealing with mood swings. Rather, I think we’re dealing with a
larger-scale change in the field. Symbolic theories from the 1960s to the 1990s were
inspired by the computer metaphor of cognition and by developments in computer
science and linguistics. The brain was largely irrelevant to these theories. The advent
of neuroimaging techniques, which provide a window on ‘the brain in action’ as it
performs cognitive tasks, has made it increasingly clear that theories of cognition
cannot simply ignore the brain and that the brain is not neatly organized in different
modules, each with their own jobs to do, as traditional cognitive theories would have
it. So I see the change to embodied approaches as a biologically rather than linguistic-
philosophically inspired one. I suspect that this trend will continue.

Author note
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