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When all of the hikers are at the finish point at the 
top of the mountain, which hiker will have the 
greatest amount of gravitational potential energy? 
Hiker 1, 2, 3, or the gravitational potential energy is 
the same for them all?

(Modified from New Hampshire EIAP, 1998)

Teachers Thinking about Students’ Ideas
• Knowledge of Student Ideas - Wittmann, Thompson, 

Christensen, etc. (AJP 2007, Phys Rev 2011)

• Knowledge of Student Misconceptions - Sadler (AERA 2012) 

• Knowledge of Content and Students - Ball, Hill, Phelps, 
Thames, et al. (2005-present)

• Contrasting PCK (difficulties predicted before instruction) 
from SMK (that lets you find value during instruction) -  
Speer & Wagner (JRME 2009)

• Why it matters:

• Teacher Noticing (Sherin, etc.)

• Teacher Responsiveness (Goldberg, Hammer, etc.)

• Cognitively Guided Instruction  
(Fennema, Francke, Carpenter, etc.)

Ways of Thinking About Energy
Content - work, conservation, flow, etc.

Metaphors - e.g., energy as a substance

System - Work done by Earth, or GPE?

Models - with force, or with energy?

Mechanisms - is energy causal (like in QM)  
or not (like in much of classical)?

For teachers, this is organized by the NGSS (Achieve, Inc.) 
and the K12 Framework (Nat. Acad. Press)

Question asked during Teacher PD Session:
“Why might they say hiker 1 steep, hiker 2 meander,  

hiker 3 really long winding path. 

What might be their reasoning for choosing one of those answers?”

• Energy used up.

• On a direct path, use less energy  
and get there first.

• More energy left over as a result.

Energy Used Up Over 
Time

Teacher statement:  
“Maybe they got there first, most 
direct path, they got there first, so 
they had more energy left over.”

• Energy is a universal, describing a person

• Choosing the harder path means  
you have more energy to begin with.

• More energy when you’re in better shape.

A Trait of the Agent
Teacher statement:  

“Because they chose the harder 
path, they're someone who is in 

better shape.”

• Energy is created.

• Energy is gained by doing work. 

• Hard work means more energy is created.

Energy is Created
Teacher statement:  

“[Hiker 1 has more] because  
they worked the hardest  
to get up the mountain.”

• Energy is used up

• Takes more effort to walk up the steep path.

• Use up all your energy in the process.

• Later: “They could also be be their hiking experience … like, thinking of Katahdin, you know, 
Cathedral is straight up [laughter], you know, if I go Stream Falls, I've got the plateau to rest, 
you know, ... just thinking about places the students maybe have hiked.”

More Energy Used Up on Steep Paths
Teacher statement:  

“[the] guy used his all up, going up that steep path."

• Energy is used up

• Path length matters.

• On a short path, use up less energy.

Energy Used Up Over 
Distance

Teacher statement:  
“… they would just see shorter 
path, not steeper path, so they 

would say 'oh, it took less energy to 
get there’."

• In a competition, the first person wins.

• This doesn’t have to be about energy.

• Get there first, and you have the most  
(of whatever it is).

Winner Has the Most
Teacher statement:  

“You're the first there.”

• Students are lazy.

• Do the easiest thing you can.

• Answer as quickly as possible  
to get it out of the way.

Students Don’t Care…
Teacher statement:  

“it is hiker 1 so it is also answer A, 
the first answer you give if you 

really, really don't care.”

Conclusion 1:  
Teachers need good questions

Answering “all the same” is a strong indicator of student understanding 
of GPE - location dependent, not distracted by the path taken.

Answering “hiker 1” tells you that students are wrong, but not why. 
Students might incorrectly use a variety of metaphors, focus on the 
wrong system, apply models inappropriately, or misunderstand 
mechanisms. This makes teacher responsiveness difficult.

Conclusion 2: Teachers need to think about 
student ideas in multiple ways

The substance metaphor behind “used up” is valuable (Scherr, Brewe, 
Swackhammer, etc.) and should not be discounted.

There are multiple incorrect applications (e.g., Minstrell’s facets of 
knowledge) for the substance metaphor, when thinking energy is 
“used up.”

Teachers need to keep the overall value of the metaphor while 
addressing the specific facets of knowledge, a difficult task!

A Safe Environment for Teacher PD
• An evening like many others: Dinner (30 min) and PD (2 hours) 

focused on content, assessment, and students responses.

• Historically safe space for MS teachers:

• “I don’t want to look stupid… A lot of us are now  
trusting that we can say ‘I don't know what this means,  
can somebody tell me,’ and it’s not a big deal.” 

• “ All of the university faculty, they enter as equals  
and that is very much felt.” 

A professional community
• ~30 school districts & ~50 schools

• ~80 teachers

• ~5,000 students

MainePSP Model of PD
• Use existing research instruments  

(AAAS, FCI, MOSART, etc.)

• Ask students and teachers to answer

• Teachers discuss questions, student data, teacher predictions 
of results, and pedagogy to address problems.


