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Previously on…

Energy-as-substance mental space

ENERGY STUFF

ENERGY-AS-SUBSTANCE

Stuff can be stored

Energy can be 
associated with a 
particular object

Energy storage

Energy is 
conserved

Stuff can move 
from one place 
to another

Energy transfer

Different types 
of energy

Stuff can be 
transformed

Energy 
transformation

Energy-as-location mental space
ENERGY VERTICAL

LOCATION

ENERGY-AS-VERTICAL-LOCATION

Up and down

More/less energy

More (less) energy
is higher (lower)

Energy is a
state function

Objects are
“at” locations

Objects/systems are 
“at” an energy level

Forces point 
towards less PE

Objects fall 
downhill

Things tend to “fall”
to a lower PE

Substance-location blend 1
ENERGY-AS-SUBSTANCE ENERGY-AS-LOCATION

ENERGY BLEND 1

Less energy = 
going down

Things release energy

Dropping down and 
releasing energy

Things absorb 
energy

More energy = 
going up

Absorbing 
energy makes 
things go up

Substance-location blend 2
ENERGY-AS-SUBSTANCE ENERGY-AS-LOCATION

ENERGY BLEND 2

Energy transfer

Things go from 
high to low 
energy

Energy moves 
from high to low

Methodology

So heat flows from hot to cold, which is 
like thinking of hot as higher up on a 
ramp and cold as lower down. But if they 
both have the same … starting point, 
then they both end at the same place
but the one that's at 1-minute heating is 
here, so it's flowing down like this, and 
the speed down this ramp would be your 
heat transfer. And one's all the way up 
here, 5 times higher, so the slope is 5 
times more, which I think means that it 
would cool 5 times faster 'cause the heat 
would be transferred into the air and 
radiate away faster.

Substance

Location

• Ontological metaphors for energy:  metaphors for what kind of thing energy is
• Some are encouraging the use of the substance ontology for energy in instruction
• In our contexts, both the substance and location ontologies have affordances and constraints
• Students and experts can productively combine the substance and location metaphors for energy [1]

• Predicate analysis: Words or phrases in speech reflect individual ontologies [3], 
and the relationship between predicates reflects blending

• Gesture analysis: Gestures serve as representations of ontological metaphors.

If the two atoms are apart and form a 
bond, they drop down to here and 
release that much energy.  And because 
that's where they are, at that negative 
energy, that's equal to the energy you 
have to put in to get them back apart.  
So it's just about where you're going, 
that when you’re forming a bond, 
you're dropping down, and if you come 
in at this energy you gotta get rid of this 
much.  But if you're down here and you 
want to get back up to here, you gotta 
put in this much.

So this is ATP, and it takes a little bit 
of energy to put in to get ADP, but 
ADP is much more stable than this … 
So it's in a well but it falls into a 
deeper well once the bond breaks.

Evidence for ontological blending
• Predicates for two different ontologies that are closely integrated
• Gestures for two different ontologies that are closely integrated
• Gesture-speech mismatch: A gesture for one ontology simultaneous with a 

predicate for another ontology

Data
In each of the data sources, we see both 
substance and location predicates for energy.

But are the speakers going back and forth 
between two different ontologies,
or using a blended ontology?

Conceptual blending
To understand what it means to combine ontologies, we use 
Fauconnier & Turner’s [2] conceptual blending framework,
in which elements from input mental spaces are mapped
to form a blended space.
We understand the energy-as-substance and
energy-as-location ontologies as conceptual blends,
and they in turn can be blended in multiple ways to form 
blended ontologies.
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=

or

Prof. Hilbert: professor in a 
Physics for Biologists course, 
talking about chemical bond 
energy in class

Betsy: undergrad student in 
the Physics for Biologists 
course, talking about 
chemical bond energy in an 
interview

Sam: physics graduate 
student, talking about heat 
transfer in an interview

The substance and 
location predicates are 
coordinated, suggesting 
Energy Blend 1.

Data source Transcript Gestures

Prof. Hilbert gestures 
moving upward 
(location) while saying 
“you gotta put in this 
much” (substance), 
suggesting a blended 
ontology.

Betsy gestures moving 
upward (location) 
while saying “a little 
bit of energy to put 
in” (substance), 
suggesting a blended 
ontology.

The substance and location 
predicates are inextricably 
connected in the same phrase, 
suggesting Energy Blend 2.

Sam’s gestures represent 
heat flowing (a substance
metaphor), while the 
vertical dimension in this 
motion is energy as a 
location, so the two 
ontologies are integrated 
into a single gesture.

But what does it mean to combine the substance and location ontologies?

Conceptual blending helps us understand how students and experts
coordinate multiple metaphors when reasoning about energy.
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