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Recently, functional Magnetic Resonance Imaging (fMRI) has been
utilized to study the processing of speech accompanied by iconic and
metaphoric gesture in the adult brain (e.g., Green et al., 2009; Kircher et
al., 2009; Straube et al., 2010). Interestingly, the neural mechanisms
underlying the processing of iconic and metaphoric gestures diﬀer. What
is yet unknown is how the processing of gesture develops. Understanding
how children process gesture, as compared to adults, may reveal why
children beneﬁt more from learning with gestures than do adults
(Hostetter, in press), and increase the overall understanding of how the
areas implicated in gesture processing function as an integrated system.
The purpose of the present study is to address the following questions:
(1) Which regions are recruited during iconic and metaphoric gesture
processing in the developing brain?
(2) How does this processing change across development, and with increased understanding of sentence content?

Results

Summary

To identify areas recruited during gesture processing, regardless of speech, a Gesture > Rest contrast was
performed.

The regions recruited during gesture processing
change across development, and in different
contexts of gesture use

Adults activated a much larger network than children: Both groups showed middle temporal gyrus (MTG)
activation, but adults additionally showed bilateral premotor, superior frontal gyrus (SFG) and superior
temporal sulcus (STS) activation, as well as left inferior parietal lobule (IPL) activation.
Two additional whole-brain analyses were conducted to elucidate areas activated for processing gesture in
iconic and metaphoric sentence contexts (SG>S, M or I)
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Participants
• 5-6 yr olds (n = 13, M = 5.47)
• 10-11 yr olds (n = 13, M = 10.50)
• 7.5-8.5 yr olds (n = 13, M = 7.70) • adults (n = 13, M = 24.77)

10 yr olds

Fusiform Gyrus

Adults

(2) Scan (anatomical, functional, DTI)
(3) Behavioral session

The only common area of activation for all age groups across all contrasts was the MTG. A ROI analysis was
performed for the MTG to determine if this activation differed across conditions for different age groups.
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The book spoke to her.
The idea popped into her head.
He was wrapped around her ﬁnger.

Regardless of age or the relation of gesture to
speech, the MTG is recruited during gesture
processing; however, the degree to which the MTG
is recruited in different gesture contexts changes
across development
• Children younger than 10 do not show the same
amount of MTG activation to gesture when it is in
the context of a sentence compared to gesture in
isolation
• Perhaps 10 year olds are transitioning to a state at
which they can understand abstract relations that
younger children cannot, and are beginning to
integrate gesture and speech in an adult-like way
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Example Sentences
Iconic

• The lack of recruitment of this network by children
may indicate a less mature processing system based
on less experience with gesture, or less
understanding of the meanings to the gestures

0.5

Left MTG

The teacher spoke to her.
The bubble gum popped onto her face.
The string was wrapped around her ﬁnger.

(Dick et al., 2009; Green et al., 2009; Kircher et al., 2009; Skipper et
al., 2008; Villarreal et al., 2008; Willems et al., 2007)
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7.5 yr olds

(1) fMRI simulator exposure (children only)

• This adult network includes motor areas,
integration areas, and sensori-motor transformation
areas, previously identified as part of this network in
other studies

• Children DO show recruitment during metaphoric
gesture processing--this could be because making
sense of the sentences, and their connection to the
gestures is more effortful than for adults

5 yr olds

Experimental Session

• When seeing gesture, adults recruit a larger
network of regions than children
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• Children younger than 10 show greater MTG activation when watching gesture by itself, than gesture in
the context of speech.
• At around 10 years of age, children appear to be transitioning to an adult-like state, in which gesture is
processed as easily in the context of a sentence as it is in isolation
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