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Levels of Achievement 

Level 2:  Elaborated force-dynamic accounts 

Level 4:  Coherent scientific accounts 

Level 3: Incomplete or confused scientific 
accounts (the “messy middle”) 

2 

The Problem: We intend Level 3 to be a transitory 
space, but evidence suggests that Level 3 is a dead end 

for many students (grades 6-16). 
 



Level 2:  Elaborated force-dynamic accounts 

Level 4:  Coherent scientific accounts 

Fact-Oriented  
Level 3 

3 

Principle-Oriented 
Level 3 

The Hypothesis: PL3 students are better positioned to 
move to Level 4 reasoning than FL3 students.  



Progress Variables (2013) 

Orientation towards 
principles of matter 

and energy 

Precision in use of 
matter and energy 

words 

Context-specific 
knowledge 



Data 

Participants 

Intervention 
• Carbon: Transformations 

in Matter and Energy 
(Carbon TIME) 

• Three units over 1 year 
 

• Secondary (6-12) science 
students 

• Different classes across 
country 

• 25 pre/post interviews 



Interview protocol items 

Tree Grow 
What does a 
tree need to 

grow? 

Ecosphere 
How do matter 

and energy 
cycle/flow in an 

ecosystem? 

Pound of Wood 
How does a 
tree build 
biomass? 

Leaf Close-up 
What is in a leaf 

at different 
scales? 

Card Sort 
How are these 

alike in terms of 
matter and 

energy? 



Interviewer: So how does the tree use air to grow? 
Student A: The tree takes in CO2 and uses it with water for a process called photosynthesis and 
sunlight triggers this. Basically, what it does is it transforms those items into food for itself with 
the sunlight going into chemical energy. 
------------- 
Interviewer: And where does that energy go inside the tree? 
Student A: The energy is stored in the cells, well, the tree cells. 
Interviewer: Is it still energy when it’s stored there? 
Student A: Well, it’s in the chemical bonds of the tree and the chemical bonds of the different 
parts inside the tree. 
------------- 
Interviewer: Do you think that the tree needs energy? 
Student A: The tree needs the energy from some and to go into the chemical bonds of the 
glucose. 

Precise use of 
matter and 

energy words 

Principles: matter 
and energy are 

separate entities 

Context-
specific 

knowledge:  
details about 

photosynthesis 

Scale: chemical 
energy stored 

in bonds 

A 
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Interviewer: So where does, say, carbon dioxide go once it’s in the leaf cell?  
Student B: It stays next to the chloroplast and then water also gathers near there so when the 
sun like has its chemical reaction with the chloroplast it makes the CO2 and then the H2O and 
then gets rid of O2 and then creates glucose. 
------------- 
Interviewer: Where does that energy go inside the tree? 
Student B: It spreads throughout, through the entire tree. 
Interviewer: Is it still energy? 
Student B: Yes. 
Interviewer: Does it change into other things and how?  
Student B: …when it has C-C and C-H bonds it does have a chemical energy, but when it 
changes into glucose with the chloroplast and the sun chemical change then it goes out through 
the tree and then it goes through a glucose just providing nutrients for the rest of the tree.  

Imprecision in 
matter and 

energy words 

Principles: matter 
turns into energy 

Context-
specific 

knowledge:  
details about 

photosynthesis 

Scale: chemical 
energy stored in 

bonds 

B 

Presenter
Presentation Notes
7



Framework (2013) 



Revised Framework (2014) 



Student B Pre (L2) Student B Post (FL3) 

Student A Pre (L2) Student A Post (PL3) 



Implications 

Future Directions 

• Research: new data sets 
• Curriculum and Instruction: to 

address all four variables 
• Professional Development: to 

support teachers in using all 
four variables as indicators of 
productive progress 

• We know: two progress 
variables are progressing 
before others 

• We don’t know: how to help 
students progress on all 
variables 
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