
“Do we like 2?”

Referring to the response as an item, 
detaching it from any person

“I’m gonna pick on number 3 for a 
second”
“I just think we get too crazy”
“Light? Wait! Aren’t we rolling a block 
down the ramp?”

They started evaluating the 
“correctness” of answers, deciding if the 
information given was accurate or not. 
They all agreed that light energy 
was not correct to be included 
in a “complete” answer, therefore 
they disagreed with response 3.

“’Energy is not created or destroyed’
Somebody remembered that!”

While recognizing the resources shown 
in the responses, teachers recognize the 
person behind it.

“I like ‘the air’ because the other ones 
did not have it – And it is important”
“’Energy is not created or destroyed’ 
Somebody remembered that!”

Shortly after, they began to justify 
their preferences by comparing 
the elements shown in the responses.
Teachers kept pointing out which 
response was missing one of the 
statements and which actually 
mentioned them.

“That 2 person forgot to talk about it, that’s all.”

Referring to the person and being understanding of the 
circumstances.

“As an object moves above the earth’s surface, it gains GPE. 
The energy is transformed to kinetic as it’s pulled by gravity 
back to earth. Friction transforms some of that kinetic into 
thermal. The total amount of energy in a system does not 
change.”

They decided to create as a final outcome of their 
conversation a refined “complete” answer that was built 
upon two out of the four given responses, responses 2 and 4. 
They gave an answer that told the story by providing details 
of the energy changes rather than just recognizing the 
different energy forms, transformations, and transfers.

“In two they say that […] I kind of like that 
one”

They are cautious when referring to the 
person involved in the response while 
evaluating it.

“I think it is more an omission and not a 
misunderstanding though. You know, 
they’re just thinking about the first part 
where you need to know – they forgot to 
answer the third part”

A teacher called for a softer evaluation: if 
the teacher did not write something, there 
was no evidence they didn’t know it, but 
they might have forgotten to include it.
The conversational tone when discussing 
the responses changed after that.

Teachers Analyzing Teacher Responses: 

Refinement in Their Content Knowledge and Their Analysis
Carolina Alvarado, Michael C. Wittmann, & Laura Millay

ID What would you give as a complete answer to the scenario?
What ideas about energy did you need to know 
in order to give your answer?

1 The block has GPE in pic 1. As the block slides down the ramp the GPE is transformed to KE and then 
thermal energy due to friction. The total energy of the system stays the same throughout 1 and 2.

I had to know about GPE, KE and friction.

2 In the first picture the block has GPE and in the second picture the block has KE or moving energy. 
There is a small amount of thermal energy as a result of the friction between the block and ramp, 
and the block and air.

As an object moves above the earth's surface, it gains GPE. 
That energy is transformed to KE as it is pulled by gravity back to 
earth. Also, all friction transforms KE into thermal energy.

3 In pic 1 there is GPE and thermal. In pic 2 there is kinetic (mechanical) energy, thermal and light. That there is GPE and KE that is transformed to other forms.

4 In picture there is GPE due to the position of the block and some TE due to the friction. In picture 2 
there is still GPE as well as KE (mechanical) as well as some TE due to the friction between the block 
and the surface. The total amount of energy does not change. The energy types only changes form. 
Energy is not created or destroyed.

Energy can be stored, energy comes in many forms, the total 
amount of energy in a system does not change.

Study design

We present an instrumental case study where teachers working in small 
groups in a cohort meeting discussed previous years colleagues’ responses.

Table 1. Responses provided during the cohort meeting for discussion

Figure 1. Open ended question as shown in the Teacher Energy Survey

• We handed out a set of four anonymized responses from previous years (Table 1).

• We asked them to discuss “what do you notice?”

• We collected video and audio from the cohort meeting for further analysis.

• Teachers had answered this open ended question in previous years(Figure 1).

• We explore the discussion of a group of 6 experienced teachers.

Evaluative
Noticing*

responses’ ideas
Missing ≠ Wrong

Valuable combination 
for a complete answerC
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We consider that, in reflective data-driven PD which promotes small group discussion in a safe environment,
discussing teachers’ answer with other teachers allows an improvement 

in both their content knowledge and the way they analyze the data.
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s This was a safe environment for teachers 
to explore and discuss previous years’ data.
They did not refer to their own past answers, 
but analyzed the provided responses instead. 
This activity allowed them to refine 
their understanding regarding the energy, as 
well as the way they analyzed its content:

We involved teachers in data collection and data analysis 
to improve their professional development. Creating safe 
environments for them to discuss their students’ data as 
well as their own allowed them to raise different concerns 
of their daily practice and content understanding. We 
encourage a professional development program that goes 
beyond pedagogical content knowledge support for K-12 
science teachers.(Alonzo, Kobarg & Seidel, 2012)

Teachers changed the way they analyzed their data

*They started evaluating, 
pointing out the flaws
*There was an explicit call to 
distinguish between omission
and misconception
*They focused on the
responses’ valuable ideas

*While being evaluative, they
detach the person from the
answer

*While noticing the ideas, 
there is a recognition of a 
colleague

Teachers showed what they consider
a relevant feature while trying to come up 
with a “complete” answer

*Includes GPE, and then
GPE, KE & TE
*Excludes Light Energy

*Adds the story of the
energy transformation
and energy indicators

*(Coffey, Hammer, Levin, & Grant, 2011)

Energy MainePSP Cohort

Safe
Environment

Teachers involved in

Discussion of

• Active Learning Strategies
• Students’ alternative ideas
• Specific content concerns

Sharing their

• Classroom experiences
• Teaching difficulties

Teachers
Involved in 

Data Analysis

Discussion data from

• AAAS Science Assessment
• Their students’ responses
• Their colleagues responses

Implementing surveys

• Applying to their students
• Responding themselves

Building a 
Community

2015 MainePSP numbers:

• 28 School districts
• 48 Schools
• 80 Science teachers
• 4,896 Students
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