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& Tesch-Romer, 1993; Ward, Hodges, Starkes & Williams, 2007). These physi-

ological changes most certainly occur in the body (e.g. muscles develop mass, speed
improves), but they are seen in the brain as well. Neural changes underlying perfor-
mance are thought to separate experts from less skilled individuals. These changes
affect how the brain supports exceptional performance, and can be borne out in
brain structure and/or function.

The classic example of structural changes associated with experience is the case
of London cab drivers. London cab drivers develop extensive knowledge of the
intricate metropolitan streets and how to navigate them (‘The Knowledge takes
years of training and is a requirement for city taxi licensing). Maguire et al. (2000)
showed that the posterior hippocampus, a cortical area important for navigating
and recalling complex routes, is enlarged in London cabbies compared with non-
drivers. The more convincing finding in connecting the role of practice with neural
change is the significant positive correlation between the size of a cab driver’s pos:
terior hippocampus and the number of years spent behind the wheel. The longer a
London cab driver has been on the streets (the more experience accumulated), the
larger the part of his hippocampus involved in successfully finding a route becomes
(Maguire et al., 2000). Similarly, mastering the art of juggling has been found to
be associated with changes in grey matter density. Draganski et al. (2004) found
that, after several months of practice at juggling, participants showed an increase in
grey matter (where cell bodies of neurons are housed) density in areas of the brain
involved with motion perception. This phenomenon generally indicates greater
communication among neurons. When participants stopped their intensive-jug
gling practice, density in those motion perception regions decreased; plasticity in
neural structure relates to sensorimotor experience over time.

Practice-related effects have been studied extensively in musicians as well. One
advantage of studying musical expertise is that experiments testing the abilities
of musicians can independently focus on sensory or motor skill, and this level o
control has led to some interesting observations. One remarkable sensory skill is
absolute or perfect pitch, which is associated with early musical (e.g. piano, violin
training. Absolute pitch - the ability to name the exact note one hears, regardless
of changes in other factors that typically affect pitch perception - is associated with
an increased engagement of dorsolateral pre-frontal cortex during pitch discrim
nation tasks (Zatorre, Perry, Beckett, Westbury & Evans, 1998). This pattern
neural functioning goes hand-in-hand with marked changes in anatomical ¢o
nections within the auditory system. Specifically, people with absolute pitch s
greater connectivity between the primary auditory cortex and other brain regl
that support the processing of sounds (Loui, Li, Hohmann & Schlaug, 2011)
relationship between early musical training and the attainment of absolute
suggests that absolute pitch is not simply an innate sensory skill, but one t
attained through specific (in this case, early) sensorimotor experience (for a &
see Minte, Altenmtller & Jancke, 2002).

Numerous other researchers have substantiated expertise-related physiols
and anatomical differences in musicians and connected these changes t
ing and experience (for a review, see Peretz & Zatorre, 2005). Using o
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playing field. Whereas most arguments for physical education focus on benefits
such as learning teamwork, maintaining cardiovascular health, learning to live a
healthy and active lifestyle, and the expansion of executive function abilities, it may
be the case that a breadth of sensorimotor experiences leaves students with a greater
expanse of the brain available to support subsequent conceptual representation. If
embodied representations can support higherlevel conceptual processing, it stands
to reason that this could be a useful framework for efforts toward educational inter-
ventions and improved achievement. In the next section, we explore the idea that
the neural processes which typically underlie our ability to act also come to subserve
our ability to understand.

Applying sensorimotor experience in the classroom

Work by Glenberg and colleagues (Glenberg, Brown & Levin, 2007; Glenberg,
Gutierrez, Levin, Japuntich & Kaschak, 2004) presents evidence for the potential
educational value of an embodied cognition framework. Glenberg et al. explored
language comprehension in young children in both formal and informal learning
environments. Students worked in action and non-action reading groups. In an
action reading group, each student read a sentence aloud and then acted out the
events of the sentence using objects mentioned in the text. In the non-action group,
students simply read the sentence aloud and then repeated it. On a subsequent
comprehension test, students who had acted out the sentences’ events showed
significantly greater understanding and retention than those who had read the sen-
tences repeatedly (Glenberg et al., 2004, 2007). Sensorimotor experience with the
sentence content enhanced students’ understanding and, also importantly, their

retention of the learned information.

Why would this sensorimotor experience be beneficial for understanding high-
level concepts? One potential theory is that physical experience is beneficial merely
because it serves to engage students with the activity in question. Students may
devote more attention to the entire learning experience and thus understand and
remember more content. However, from an embodied cognition perspective the
more interesting claim is that students’ experiences acting out the events in each
sentence allowed them to call upon a rich set of sensorimotor experiences when |
they were later being tested for comprehension. Perhaps this second mechanism lies
behind the action reading group’s enhanced understanding and retention of th
material. Support for the latter idea comes from related work out of our laboratory

Beilock, Lyons, Mattarella-Micke, Nusbaum and Small (2008; see also Holt ¢
Beilock, 2006) used a case of athletic expertise to test the transfer of embaodi
effects to language comprehension. Beilock et al. (2008) recruited expert and nov
ice hockey players for a behavioural and neuroimaging study. In the scanner,
ticipants passively listened to sentences depicting hockey-specific actions (e:g
hockey player finished the stride’) and everyday actions (e.g. ‘The individual p
the cart). Later, all participants completed a comprehension test outside the
ner that gauged their understanding of the sentences they had heard.

The comprehension task involved the auditory presentation of each: sent
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Most interestingly, the neural data collected when individuals merely listened to the
hockey action sentences explained the relationship between hockey experience and
sentence comprehension. In particular, activity in the left dorsal premotor cortex
(dPMc, Figure 18.2) fully mediated (or accounted for) the relationship between
action experience and comprehension. The more extensive an individual’s hockey
experience, the greater the neural activation in left dPMc for hockey-specitic lan-
guage and the better an individual’s hockey specific language comprehension. These
data support the hypothesis that our understanding of language describing action
is driven by experience-dependent activation of dPMc, a region thought to support
the selection of welllearned action plans and procedural knowledge (Grafton, Fagg,
& Arbib 1998; O’Shea, Sebastian, Boorman, Johansen-Berg & Rushworth, 2007,
Toni et al., 2002).

This work with hockey players exemplifies how sensorimotor experience can lead
to the recruitment of brain areas not typically associated with the cognitive task
at hand (e.g. language processing). This recruitment was shown to be beneficial
for comprehension of action language and probably explains why Glenberg et al.
(2004, 2007) found improved story comprehension for children who had acted

out the events in the stories in question. We propose here a theoretical leap in the

Figure 18.2 Visualization of dorsal premotor regions implicated in Beilock: et al. (2
Reprinted with permission.
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