
Problematizing "cold" 
with K12 Science Teachers

Thermal energy
vs. Coldness

Collaborative session:
Who let the cold in?

Carolina Alvarado, Michael C. Wittmann, 
Adam Z. Rogers, & Laura Millay

Does one replace the other? 
Can the two co-exist? 

Is there a problem with this?

A. Thermal energy is transferred from the can of soda to the water 
so the can of soda gets cooler and the water stays the same temperature.

B. Thermal energy is transferred from the can of soda to the water 
so the can of soda gets cooler and the water gets warmer.

C. Coldness is transferred from the water to the can of soda 
so the can of soda gets cooler and the water stays the same temperature.

D. Coldness is transferred from the water to the can of soda 
so the can of soda gets cooler and the water gets warmer.

A student places a warm can of soda 
into a bucket filled with cold water.
She puts the lid on the bucket.  
Which of the following describes 
the energy transfer between the water 
and the can of soda in the bucket?

Sue sticks one end of a metal rod into a box filled 
with ice.  The end of the rod that is covered with 
ice becomes cold.  After a while Sue places her 
hand on the upper end of the rod outside the box 
and feels that it is cold.  What do you think has 
happened?

A. Cold has transferred from the lower end of the rod to the upper end.
B. The rod gave up heat to the ice
C. Cold moved from Sue’s hands towards the rod.
D. Heat moved from the rod to Sue’s hand
E. It depends on the original temperature of the rod.
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7th and 8th grade students from a rural area.
Survey of 14 multiple choice questions.
Administered pre and post instruction.

Matched data of N=447

Analysis of two questions that address energy
using the idea of thermal energy and coldness

as an entity to compare the conceptual ideas of 
students regarding these two ideas.

27% of students choosing coldness 
after instruction (either C or D)

51% choosing the correct answer

60% of students choosing coldness 
after instruction (either A or C)

30% choosing the correct answer

Sue Question Soda Bucket Question

30% more students choosing coldness for Sue

21% more students correct on Soda Bucket

We invited teachers to discuss
coldness and its implications. 
We shared the students’ data 

to begin our work.

The session began by sharing
the students’ data, then asking teachers to 

model the energy in some particular scenarios.

We provided a similar scenario than
the one explored in the multiple choice

questions for them to interact
with the objects and make observations.

We share the different models developed
by the teachers as well as exerpts

from their dicussion while collaboratively
creating the models.

Thermal Energy Transfer as Flow Thermal Energy as Molecular Vibration

Thermal Energy as Units Ease of Replacing 
TE with Coldness

Teachers’ conversation
while developing their representation:

• Hotter temperatures have a greater amount of energy, 

therefore, the icy-coldness is going to go at the...

• Wouldn't the hot move to the- Wouldn't one move to 

the hot to warm up?

• I think we need to think about heat loss. Well where is 

the heat going? Where is the energy going?

• Well, I think it is going to the snow. And it is going in to 

melt the snow.

• Slow down the molecules in the can, uh?

• So you say that the heat is moving out into the snow, to 

melt the snow? Do we agree? Do we have a consensus?

• But the soda is going to get colder too, right? Because 

the heat is going out. Is that how it works?

• Yeah, it is losing heat. That is what is making it colder

• Which slows down the molecules, movement of 

molecules.

• So snow will melt, and it would increase heat, right?
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