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Abstract

Multi-modal discourse comprehension involves understanding speech as well as accompany-
ing gestures. Research using event-related brain potentials (ERP) suggests iconic co-speech
gestures activate brain systems for semantic retrieval in a way similar to that of visual
representations such as pictures do. Event-related brain potentials research indicates the
processing of iconic gestures is sensitive to contextual congruity, and that gestures can
facilitate the processing of semantically related speech, as well as that of related picture
probes. Taken together, these studies suggest that both speech and gestures activate concep-
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tual representations in semantic memory, and that language comprehenders can integrate
information from the two channels to form visually enhanced cognitive models of the dis-
course referents.

1. Introduction

Anyone who has had a phone conversation about how to replace the sound card in a
computer, how to change the oil in a car, or how to make lasagna, knows the importance
of explanatory gestures for communication. Multi-modal discourse involves the use of
both visual (gestures) and auditory (speech) information to communicate topics such as
the skilled activities mentioned above. Research in our laboratory concerns the cognitive
and neural basis of multi-modal discourse comprehension, especially how people com-
bine information conveyed by co-speech iconic gestures with that conveyed in the accom-
panying speech. Iconic gestures are body movements that signal visuo-spatial properties
of objects and events described in the accompanying speech. For example, a speaker
might indicate the size of a bowl by holding his hands apart from each other, creating
perceptual similarity between the span of the bowl and the span of the open space
between his hands.

Here we review studies concerning the cognitive and neural substrate of multi-modal
discourse comprehension. In particular, we discuss studies concerning what brain sys-
tems are engaged by iconic gestures, what cognitive processes mediate their comprehen-
sion, and how language users integrate propositional information conveyed by speech
with analogue information conveyed by gestures.

2. Event-related brain potentials (ERPs)

Recent research in our laboratory has used event-related brain potentials (ERPs) to
study the real-time comprehension of multi-modal discourse. Event-related brain poten-
tials represent brain activity in the cortex recorded non-invasively via electrodes placed
on the scalp (see Coulson 2007 for a review). Tiny signals from these electrodes are
amplified and digitized, yielding the electroencephalogram (EEG). By averaging por-
tions of electroencephalogram that are time locked to the presentation of a specific
class of stimuli, it is possible to extract a record of brain activity temporally correlated
with the cortical processes engaged by that type of stimulus. The resulting event-related
brain potentials waveform can be analyzed as a series of positive- and negative-going
deflections (commonly referred to as components) that are characterized by their polar-
ity (negative or positive voltage), time course and distribution across scalp electrode
sites.

2.1. N400 component

An ERP component particularly relevant to semantic processing is the N400, which was
discovered during early research on language comprehension (Kutas and Hillyard 1980).
Kutas and Hillyard recorded ERPs to the last word of sentences that ended either con-
gruously (as in (i)), or incongruously (as in (ii)).

(i) I take my coffee with cream and sugar.
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(ii) I take my coffee with cream and dog.

By averaging the signal elicited by congruous and incongruous sentence completions,
respectively, these investigators were able to reveal systematic differences in the event-
related brain potentials to these stimulus categories. Incongruous sentence completions
elicited a larger negative wave than congruous ones between 300 and 700ms after word
onset, peaking after approximately 400ms (hence the name, N400). Subsequent research
has shown that N400 components are generated whenever stimulus events induce con-
ceptual processing, and reflect brain activity involved in the retrieval of information
from semantic memory. More negative N400 reflects more effortful semantic retrieval,
and the size of the N400 is reduced when contextual factors result in the pre-activation
of relevant semantic features (see Kutas and Federmeier 2011 for a review).

2.2. Word and picture N400

Besides words, an N400-like component has also been elicited by image-based stimuli
such as line drawings and photographs. The two components differ somewhat in scalp
distribution, suggesting different brain areas are active in the processing of words and
pictures. However, both the word and the picture N400 peak 400ms after stimulus onset,
and both components are sensitive to contextual congruency, being larger for stimuli
that follow unrelated than related items. For example, either a pictorial or verbal repre-
sentation of a cat following one of a hamburger elicit a larger N400 than a pictorial or
verbal representation of a cat following a dog (Holcomb and McPherson 1994). More-
over, just as pseudo-words elicit larger N400s than unrelated words, unrecognizable
images elicit larger N400s than do recognizable (unrelated) ones (McPherson and Hol-
comb 1999). Finally, the size of both word and picture N400 is modulated by the global,
discourse level coherence of a word or picture within a story context, being larger for
words and images in incoherent than coherent stories (West and Holcomb 2002). In view
of these similarities, it appears that the word and the picture N400 components index
at least partially overlapping semantic systems that respond to different modalities in
comparable ways.

3. Semantic retrieval and iconic co-speech gestures

An important issue in iconic gesture comprehension concerns the way in which they
engage the brain’s various semantic systems. On the one hand, iconic gestures involve
movements of the body, and thus might be expected to rely on brain systems engaged
in action recognition. On the other hand, iconic gestures are representational, and thus
might be expected to rely on brain systems engaged in language comprehension. But,
whereas the meaning of words (and signs) depends on conventional associations among
speakers (and signers) of the relevant language, the meaning of iconic gestures relies on
visual similarities between gestures and the things they represent. Because the meaning
of co-speech iconic gestures derives at least to some extent from their visual properties,
one might expect their comprehension to be mediated by similar semantic retrieval proc-
esses to those invoked by line drawings and photographs of real-world objects.

To investigate this hypothesis, Wu and Coulson (2005) recorded participants’ event-
related brain potentials as they watched videos of spontaneously produced iconic ges-
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tures. Stimuli were taken from a corpus of iconic, co-speech gestures that was collected
by videotaping a young man describing cartoon segments. He was told that the experi-
menters were creating materials for a memory experiment and was unaware of the intent
to elicit spontaneous gestures. Occurrences of iconic gesture were digitized into short,
soundless video clips (2.3 seconds each), and these clips were presented either after the
original cartoon segments the speaker was describing (congruous gestures), or after a
different cartoon (incongruous gestures). Consistent with the claim that iconic gestures
activate semantic information in a similar way to pictures or words, Wu and Coulson
observed an N400-like response in participants’ event-related brain potentials. A nega-
tive-going wave that peaked approximately 450ms after gesture onset, the so-called Ges-
ture N450, was larger for incongruous than congruous gestures. These data suggest that
the contextual congruity of spontaneously produced iconic gestures modulated activity
in brain systems mediating semantic memory retrieval.

3.1. N300 and N400 components

One difference between the ERPs to gestures and those to images is that the latter elicit
an anterior negativity peaking around 300ms after the onset of the stimuli (N300), as
well as the more broadly distributed negativity (N400) peaking approximately 400ms
post-stimulus (McPherson and Holcomb 1999). Consequently, the N300 has been argued
to index an image-specific semantic system, while the N400 indexes a more general one
(McPherson and Holcomb 1999). However, given that videos of everyday actions, such
as a man shaving or chopping vegetables, also elicit an N400 without an accompanying
N300 (Sitnikova, Kuperberg, and Holcomb 2003), this difference might simply be an
artifact of the dynamic nature of gestures. That is, image-specific semantic systems are
engaged by static and dynamic images alike, but for technical reasons the N300 is only
evident in event-related brain potentials to static images.

Wu and Coulson (2011) explored this possibility by recording electroencephalogram
as participants viewed cartoons followed by either a video or a still image of a speaker
talking about the clip. Still images were captured from the videos such that they con-
veyed the gist of the gesture. As in the study by Wu and Coulson (2005), gestures shown
in the videos and still images were either congruous or incongruous with the preceding
cartoon. Event-related brain potentials were time-locked to either the onset of the video
or the image. Congruency reduced the amplitude of the N400 component elicited by
dynamic gestures (videos), and both the N300 and N400 components elicited by the
static gestures (still images). The smaller negativities elicited by congruous than incon-
gruous stimuli suggest that, for both sorts of gestures, contextually congruent informa-
tion facilitated semantic processing. Comparison of the two topographic distributions
of congruency effects suggested similar neural generators for dynamic and static gestures,
but larger effects for static ones due to the better time-locking afforded by the presenta-
tion of a static stimulus.

3.2. Images o� gestures versus objects

Wu and Coulson (2011) also compared event-related brain potential congruency effects
for static gestures with ERP picture priming effects for photographs of objects recorded
in a separate experiment with the same participants. The timing and polarity of these
effects were similar (viz. they both yielded N300 and N400 effects), but the scalp topog-
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Fig. 148.1: Artist’s rendition of the cartoon (left) described by the informant’s gesture (right)

raphy suggested somewhat different neural generators were active in the processing of
gestures than the processing of photographs of objects. Observed similarities in the proc-
essing of gestures and photographs suggest that the brain treats gestural information
much as it does other sorts of visual representations. Differences presumably reflect both
the use of neural systems specifically dedicated to the representation of the human body,
and to the more abstract nature of gestures than the visual representations in the pho-
tographs.

That is, the relationship between photographs and the objects they depict depends on
basic perceptual similarity, while that between the cartoons and our informant’s gestures
derived from shared relational structure. As an illustration, consider a cartoon segment
in which Nibbles, Jerry’s mischievous young cousin from Tom and Jerry cartoons, jumps
onto the rim of a candlestick and begins chomping at the base of the candle. His actions
cause the candle to topple, much in the manner of a tree being felled, onto Jerry’s head.
The subsequent gesture is shown in Fig. 148.1, next to an illustration of a single frame
from the cartoon. The speaker’s left forearm and extended hand depict the long, straight
shape of the candle, as well as its horizontal orientation. Further, the largely parallel
configuration of his left forearm above his right one is analogous to the parallel relation-
ship between the fallen candle and the plate of doughnuts beneath.

From a purely perceptual perspective, however, there are few similarities between the
gesture and the cartoon. The candle points to the right while the speaker’s hand points
to the left; the candle is cylindrical in shape, whereas the speaker’s hand is flat; moreover,
the candle in the original cartoon was red, whereas the speaker’s arm was covered by
the sleeve of a plaid shirt. The similarity between the gesture and the cartoon derive
from shared relations between sets of features, such as the shape and orientation of the
speaker’s left forearm and the candle, or from higher order relations between sets of
items, such as the speaker’s right and left forearms, and the candle and the table.

4. Iconic gestures and word processing
Despite the somewhat schematic nature of iconic gestures, our research indicates they
engage the brain in a way similar to that of visual images, displaying sensitivity to visual
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context, and activating the semantic retrieval processes indexed by the N400 component
in the event-related brain potential. Gestures embedded in multi-modal discourse
contexts might thus serve to activate stored knowledge about their referents, priming
related words and concepts. Given that interpretation of gestures can proceed based on
their visual properties, such priming might be expected to occur even in the absence of
contextual support. To test this hypothesis, Wu and Coulson (2007b) recorded event-
related brain potentials as healthy adults watched silent videos of spontaneously pro-
duced iconic gestures followed by probe words that were either related or unrelated to
them. Related probe words elicited less negative N400 than unrelated probes, suggesting
they were easier to process. These data imply that even in the absence of supporting
linguistic context, iconic gestures activate information in semantic memory about the
phenomena they depict.

However, a more pertinent question might be whether co-speech iconic gestures affect
the processing of the speech that accompanies them. To address this question Wu and
Coulson (2010) recorded participants’ electroencephalogram as they viewed short seg-
ments of spontaneous discourse accompanied either by iconic gestures or an uninforma-
tive image of the speaker. Each discourse segment was followed by either a related or
an unrelated picture probe. Event-related brain potentials were computed time-locked
to the onset of all content words throughout the audio stream, and to picture probes.
We found that gestures modulated event-related brain potentials to content words co-
timed with the first gesture in a discourse segment, relative to the same words presented
with static freeze frames of the speaker. Effects were observed 200�550ms after speech
onset, a time interval associated with semantic processing. Gestures also increased sensi-
tivity to picture probe relatedness, as indexed by event-related brain potentials to the pic-
tures.

5. Speech-gesture integration

Research reviewed above suggests that iconic gestures activate information in semantic
memory via abstract perceptual similarities between the gestures and the objects and
actions they represent. In multi-modal discourse, gestures can activate information about
discourse referents, thus facilitating semantic processing of relevant speech. In fact, in
such contexts, gestures often provide information that goes beyond that presented in the
accompanying speech. For example, describing the foyer to his house, a man said “When
you go in there’s an oriental rug,” while tracing a circle in the air. Integrating the infor-
mation presented in speech with that in the gesture yields the inference that the oriental
rug in question is round. In this way, complementary information presented in speech
and gesture result in enhanced understanding of the discourse referent, as listeners inte-
grate knowledge about oriental rugs that is activated by the speech with visual informa-
tion activated by the gesture to yield a more specific cognitive model than that prompted
by either channel alone.

To test this model of multi-modal discourse comprehension, Wu and Coulson (2007a)
asked participants to watch videos of a man describing everyday objects and events and
recorded event-related brain potentials to two sorts of related picture probes, as well as
pictures which were unrelated to the preceding videos. Related picture probes either
agreed with information conveyed through both speech and gesture (cross-modal
probes) or through speech alone (speech-only probes). For example, one video prime
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Fig. 148.2: Examples of materials from Wu and Coulson (2007a)

showed a man saying, “It’s actually a double door,” while holding his hands vertically
above one another (see Fig. 148.2). The speech-only probe depicted a set of French
doors, while the cross-modal probe depicted a Dutch door (two small, vertically arrayed
doors). To test for intrinsic differences in processing difficulty, all speech-only and cross-
modal probes also served as unrelated probes by appearing after a different video, for
example, in which the man described a couch.

Wu and Coulson (2007a) found that videos of spontaneous discourse involving speech
and gesture led to greater priming for the cross-modal picture probes, which agreed with
information conveyed through both channels (e.g. a picture of a Dutch door), relative
to the speech-only probes (e.g. a picture of a French door). Cross-modal probes elicited
a larger N400 relatedness effect than did speech-only probes. Cross-modal probes also
elicited an N300 relatedness effect, whereas speech-only ones did not. These findings
support McNeill’s (1992) proposal that listeners combine information from speech and
gestures to arrive at an enhanced understanding of their interlocutor’s meaning. They
further suggest that iconic gestures activate image-specific information about the con-
cepts they denote.
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In some cases, gestures in this study provided critical information denoting a certain
kind of item within a class (e.g., a Dutch instead of a French door; a cupboard shelf
instead of a wall shelf; a gas stove knob instead of a door knob). In other cases, they
portrayed salient visuo-spatial features of objects (e.g., the location of a logo on a
T-shirt, the shape of vase, the degree of openness of a car window). Finally, some gestures
demonstrated the manner of action execution (e.g., mixing with a spoon rather than an
electric mixer, writing by hand rather than typing on a keyboard, painting with vertical
rather than horizontal brush strokes). The fact that participants experienced greater ease
in understanding cross-modal than speech-only picture probes suggests that distinctions
such as these were incorporated into participants’ models of the speaker’s intended mes-
sage, even though they were never made overt in speech. An important theoretical conse-
quence of this finding is the idea that during comprehension, listeners integrate meanings
encoded both linguistically and gesturally, resulting in visually specific conceptual repre-
sentations.

6. Conclusions

Here we reviewed experiments using event-related brain potentials that suggest the
contextual congruity of spontaneously produced iconic gestures served to modulate ac-
tivity in brain systems mediating semantic memory retrieval (Wu and Coulson 2005).
Data suggest the brain treats gestures much as it treats other sorts of visual representa-
tions, though the cortical networks engaged by gesture- versus image-based depictions
likely are only partially overlapping. Subtle differences in brain activity elicited by ges-
tures versus pictures of objects may reflect both the recruitment of brain systems dedi-
cated to the representation of the human body, as well as the more abstract nature of
gestures than photographs (Wu and Coulson 2011). Gestures embedded in multi-modal
discourse contexts have been shown to activate stored knowledge about their referents,
priming related words (Wu and Coulson 2007b) and facilitating semantic processing of
accompanying speech (Wu and Coulson 2010). Moreover, when comprehending multi-
modal discourse, language users are able to dynamically combine information conveyed
by speech with that in gestures to formulate visually specific cognitive models of dis-
course referents (Wu and Coulson 2007a).
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Abstract

The perception-action loop provides a way to understand how the continuous outflow of
motor movement changes the continuous inflow of sensory input in ways that carry mean-
ingful information. Sensory input in its own right is information, as is the changes that
occur in between and within the inflow and outflow of information. This interaction of
information is analog and remains analog: the computations performed on this information
are largely undistorted and not carved into discrete digital bits or stages. Whether one is
determining one’s heading while walking, solving a difficult problem with a diagram, or
having a conversation with another person, important movements of the limbs, eyes, and
speech apparatus induce informative changes in the environment that are perceived by the
self and others. The external portion of the perception-action loop, where action directly
influences sensation, is where many cognitive operations (to be distinguished from cognitive
processes) take place, and it is also where the perception-action loops of two or more people
can get entrained to produce joint action, joint perception, and even joint cognition.


