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Embodied Cognition
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“In an embodied cognition perspective, all 
abstractions are understood in terms of  basic 
sensory-motor experiences such as object 
permanence and movement” (Scherr et al, 2012a)
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Our thought is grounded 
in our sensory experience

• Time metaphors

• Representational gestures

• Perspective-taking
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Representing Gestures as Cognitive Artifacts      131 

loops in proteins moving in ways analogous to tangible, dynamic, three-
dimensional objects like fingers. Therefore, B draws on the inferential 
structure provided by her embodied experiences with tangible objects in 
order to formulate conjectures about the dynamic nature of proteins. The 
thrombin hand gesture exists as a stabilizing structure that juxtaposes indi-
rect experimental measurements, which are numerical, the graphical 
model, which is static, and the embodied schematic structure derived from 
the spatio-dynamics of tangible objects and hands. Drawing inferences in 
the tangible world allows B to theorize about what’s going on in the mo-
lecular world.  

Section 2. Formation of a Gestural Symbol 

Table 5.3. Segment 3. 

In Segment 3, shown in Table 5.3, B refers to the experimental evidence 
from another research group that corroborates her theory, and the evidence 
C presented earlier in the lab meeting, which supports the theory that 
thrombomodulin’s binding to thrombin causes a conformational or dynam-
ics change in the loops around the active site of thrombin. It is interesting 
how B reinstantiates the thrombin hand model in her left hand, in order to 
describe the molecular details of the experimental findings of the other re-
search group.7 She uses her right hand as thrombin’s binding partner, 

                                                      
7 The reinstantiation of the left hand as thrombin and B’s repeated use of the gesture 

constitute what McNeill (1992) calls a catchment. A catchment is recognized 
when one or more gesture features recur in at least two (not necessarily consecu-

(Becvar et al, 2008)
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We use our bodies to think
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“The common thread across these accounts is 
that gestures are not simply an external 
manifestation of  what is on the gesturer's mind. 
Instead, the act of  gesturing influences the 
representations and processes that take place in 
the gesturer's mind.” (Alibali, 2005)
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Using our bodies to learn
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“Theories of  embodied cognition and cognitive 
linguistics suggest to us that among all possible 
objects, a particularly cognitively compelling sense 
of  permanence might be attached to the self, and 
that use of  the human body might have special 
significance for learning.” (Scherr et al, 2012b)



DePaul T&L - 2 May 2014 -

We should allow students to 
use their bodies to learn
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Any activity where the body 
is used as a tool for learning!

• Kinesthetic activity

• Embodied representation

• Physical mnemonics

• Embodied interaction

• Embodied Learning Activity (ELA)
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Reasons to use ELAs

• ... make sense of  counter-intuitive scenarios

• ... ground abstract ideas in the concrete world

• ... create their own ideas

• ... develop shared language and community
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Allow students to...
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Motivating the activity
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++

For rotational motion: 

linear momentum = (mass)*(velocity)
                         p = mv  

angular momentum = (moment of inertia)*(angular velocity)
                           L = Iω

What is the 
moment of inertia 

of an object?

Rulers + Binder clips! 

espn.go.com/nhl/tesm/photos
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What did we learn?
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++

++

It is harder to “flip” the ruler the further the binder clip 
is from the pivot point.  
“Harder” means a larger moment of inertia.

If you change the location of the pivot point, you affect 
the difficulty in “flipping” the ruler. 

The moment of inertia of an object depends 
on how the mass of the object is distributed

The moment of inertia of an object depends on 
where the pivot point (or axis of rotation) is.
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What did we learn?
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The two identical solid cylinders shown below are 
spinning about different axes.

Which configuration has the larger Moment of Inertia?

    A                      B
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How does this apply?
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How does this apply to angular momentum and ice skaters?

Compare what is happening
 when the skater first starts spinning, and
 when the skater is about to finish the spin.
What changes?

What can we learn about angular momentum?

(angular momentum) = (moment of inertia) * (angular velocity)
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Activity 2:
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Some ELAs use the body...
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... as a sensor
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opposed to reading about force, seeing forces being 
exerted on someone else, or even measuring forces 
with instruments) can enhance student understanding. 
Lab experiences where students feel physics quantities 
may lead to the recruitment of brain areas devoted to 
sensory and motor (sensorimotor) processing when 
students later think and reason about the physics 
concepts they experienced. When these sensorimotor 
areas are involved in thinking and reasoning tasks, 
people’s understanding of the concepts in question can 
improve. [10-13] 

Just like math anxious individuals activate brain 
areas implicated in pain perception when they are 
thinking about doing math, our idea is that if we can 
engage students’ sensorimotor brain systems when 
they simply think about a physics concept that they 
have experienced previously, they may be better 
equipped to understand and apply that concept even 
when they are not acting.  Moreover, experiences that 
engage the sensorimotor system may be especially 
important at the initial stages of learning when students 
are first being formally introduced to a concept. Initial 
sensorimotor experiences may also help students 
benefit from virtual labs presented later in learning by 
providing added meaning to learning tools such as 
computer simulations. 

We have performed several experiments that 
represent an initial exploration of whether labs where 
students become an active part of a physical system 
can be used to increase student proficiency. The first of 
these focuses on student understanding of the concept 
of angular momentum. 

The angular momentum of a spinning object is 
defined as the product of the moment of inertia of the 
object and the angular velocity of the object. The 
moment of inertia of an object depends on its mass and 
on the way the mass is distributed. The farther the mass 
is from the axis of rotation of the object, the larger the 
moment of inertia. The angular velocity corresponds to 
the speed of rotation, and might be given in 
revolutions/second.  

Our study used a system of two bicycle wheels that 
spun independently about a single axle (see Figure 2) 
to demonstrate these concepts. In this system, a set of 
larger radius wheels will have a larger moment of 
inertia than a set of smaller radius wheels. The faster a 
wheel spins, the larger its angular velocity and angular 
momentum. When the wheels do not spin at all, the 
angular momentum is zero. But angular momentum 
has the additional feature of being a vector quantity 
with an associated direction. For our bicycle wheels, 
the angular momentum vector always points along the 
axle of the wheels. It is the consequences of this vector 
nature of angular momentum that one feels directly by 
handling the spinning wheels and tilting the axle. In 
our studies, students systematically varied the wheel 

size, tilt speed of the axle, spin speed, and spin 
direction as they repeatedly changed the orientation of 
the wheels from vertical, to horizontal, and back to 
vertical. 

 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2.  Spinning bicycle wheel demonstration 

 
We have demonstrated the benefits of sensorimotor 

experience for students’ understanding of the angular 
momentum concept across several experiments in the 
psychology laboratory, physics classroom, and using a 
neuroimaging technique called fMRI (functional 
Magnetic Resonance Imaging). We refer to the ability 
of sensorimotor experience to modify sensorimotor 
representations – and for students to call upon these 
modified representations even when they are not acting 
(in this case, handling the wheels) – as embodied 
learning.  

Specifically, our work has shown that students who 
became part of the physical system and felt the effects 
of a changing angular momentum themselves (i.e., 
sensorimotor or action experience) developed better 
understanding of factors influencing angular 
momentum than students who only observed a 
demonstration of angular momentum and torque (i.e., 
observation experience).  Importantly, visual input and 
attentional demands were always equated across our 
learning experiences, suggesting that sensorimotor 
experience drove learning differences.  

We have shown a positive impact of our 
sensorimotor experience on student understanding of 
the factors which influence angular momentum and 
torque in both the psychology laboratory (where 
subjects are not students in a physics course) and in 
authentic physics classroom settings on traditional quiz 
and homework assignments. Moreover, using fMRI to 
look at neural activation of students who had motor 
experience versus those that did not when they were 
later solving quiz questions on the topic of angular 
momentum, we found that the degree of involvement 
of sensorimotor brain systems relates to understanding. 
In particular, we found that sensorimotor training 
(relative to observation) leads to increased activation of 
sensorimotor systems important for representing 
dynamic physical concepts when just thinking about 
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Feeling 1-dimensional motion

Using a bicycle wheel to feel 
changes in angular momentum
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... to change perspective
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“building” DNA

Energy Theater

activities, are artifacts with both material (physical) 
and ideal (conceptual) elements [13].  The conceptual 
features of a representation are the meanings or ideas 
that are conveyed, whereas material features are 
physical aspects related to the representation’s 
construction. Material features are particularly relevant 
in kinesthetic activities in that they can transform how 
tasks are accomplished with the representation.  For 
example, the procedures for calculating a derivative 
using an equation and using a graph are much 
different. As Hutchins puts it, “each tool presents the 
task to the user as a different sort of cognitive problem 
requiring a different set of cognitive abilities or a 
different organization of the same set of abilities” [12, 
p. 154]. Therefore, material features are important in 
the pedagogical affordances of a representation. 

We will use the term tangible metaphor to refer to 
the deliberate use of a representation which can be 
explored kinesthetically (either because the 
individual’s own body is part of the representation or 
because the representation can be physically touched) 
to mediate understanding of the relationship between a 
physics situation and the associated mathematical 
structures.  We are particularly interested in the 
classroom use of tangible metaphors where we have 
found the social aspects of negotiating the meaning of 
the metaphor (both student↔student and student↔ 
teacher discussions) to be pedagogically helpful. 

In this paper, we give three examples of tangible 
metaphors that we have chosen from different physics 
subdisciplines in order to demonstrate their 
universality.  We have also chosen examples that vary 
in the natural intuitiveness of their use and we have 
chosen some examples where students use their bodies 
exclusively in the metaphor and others where the 
metaphor is primarily carried by external 
manipulatives which the students can feel.  In the 
conclusion, we discuss further the similarities and 
differences of these examples. 

CHARGE & CURRENT DENSITIES 

During the charge densities and current densities 
activities,7 students use their own bodies to represent 
point charges and coordinate with several students to 
model linear, surface, and volume charge or current 
densities. The instructor prompts “Make a linear 
charge (or current) density”, and “Does the line have to 
be straight?” Other discussions of charge/current 
densities then follow. 

The primary goals of the activities (of their many 
goals) are for students to understand the geometry of 
linear, surface, and volume charge or current densities 
(i.e. linear densities exist along curves that are not 
necessarily straight lines) and for students to build 
conceptual understanding of densities by discussing 

idealized measurement processes of counting charges 
over an amount of space or that pass a “gate” in a 
period of time. These activities draw on students’ 
familiarity with uniform volume mass densities to 
think about the less familiar cases of non-uniform 
densities, linear or surface densities, or densities of 
discrete particles. 

 
 

FIGURE 1. Discussion of non-uniform linear charge 
density. The instructor draws attention to the different 
spacings between the students with the meter stick. 

 

 
 

FIGURE 2. Students act out a constant linear current density 
by walking in a line that curves. 

 
Material features of this tangible metaphor are the 

students’ bodies (which are discrete entities), the space 
of the room (over which the students distribute 
themselves), and a meter stick that identifies a chunk 
of length, in the case of charge density, or a gate for 
charges to pass, in the case of current density. These 
material features of the tangible metaphor align well 
with the main instructional goals. Each student can 
choose a location in the room so that each considers 
the geometry of a particular type of density. Similarly, 
the spacing between the students, the mobility of the 
students, and the location and length of the meter stick 
facilitates discussions about how one conceptually 
measures various charge or current densities when 
considering discrete charges. 

28

Creating non-linear charge density
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... to explore relationships
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The life cycle of  a star

Flow of  
charges in 
a uniform 

current 
density

Energy transfers & transformations 
for a hand pushing a box across a 

floor at constant speed.

Sky Time: relationship between 
time and astronomical motion
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... to represent abstract ideas
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Transverse Waves Time evolution of  a 
complex 2-state system

Acting out the meter of  a poem
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Creating an ELA

• ... interactions or transformations

• ... complex or dynamic systems

• ... changes in orientation or perspective 

• ... quantities with properties that vary in space

• ... something too abstract for an ELA

18

I want an ELA that explores...
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Questions to consider:

• What are your goals for the activity?

• What do you want your students to learn?

• How much do you want the students to direct 
the exploration?

• How much time will it take?

• Can you get all students involved?

• How can you make it safe to participate?
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