Rubric for Carbon Explanations, w/ Examples of ‘THINGTREE,’  and ‘CARBPATH’
	
	General Description
	Example: THINGTREE
	Example: CARBPATH

	Level 4
	Correct (qualitative) descriptions of matter and energy transfers through processes at multiple scales (from molecules and cells to organisms and ecosystems).
	1. Choose Yes for Sunlight, Water, and Air AND

2. State that these are all used for photosynthesis AND 

3. Properly describe how each enabler is used with the emphasis on CO2 as the main source of the weight gain (They do not describe sunlight and soil as contributors to the weight gain.)
	1. Typically choose Yes-Yes-Yes AND 

2. Explain that a tree takes in carbon in its leaves during photosynthesis AND 

3. Explain how carbon is found in the other parts by mentioning or implying organic molecules or process common to all plant parts (i.e. cell respiration).

	Level 3
	Attempts to describe matter and energy transfers, but with errors (such as confusing matter and energy, forgetting to account for the mass of gases).
	1. Describe photosynthesis as a central process for the weight gain of the tree AND 

2a. Mention sunlight as a contributor to the weight gain OR 

2b. Do not identify/emphasize CO2 as a main source of the weight gain OR 

2c. Identify nutrients from soil as a contributor to the weight gain.
	1. Choose Yes-Yes-Yes AND 

2. explain that a tree takes in carbon through its leaves during photosynthesis AND 

3a. describe a general process in which carbon travels to the other parts (e.g., via its trunk; teh tree stores extra carbon) OR 

3b. state that the tree takes in carbon through its roots from soil

	Level 2
	Elaborated force-dynamic accounts: Students' accounts continue to focus on actors, enablers, and natural tendencies, but they add detail and complexity, such as the idea that different organs have different functions.
	1. Explanations include general hidden actors (e.g., energy, nutrients, minerals, CO2) or hidden mechanisms (e.g., about the transfer of nutrients or water) while they also may include focus on the need of the tree
	1a. Explain that the tree takes in carbon to its leaves by mentioning photosynthesis  OR 

1b. Explain that the tree takes in carbon w/o involving photosynthesis or organic molecules (e.g., through the root) AND

2a. Do not state that carbon is found in the other parts that did not directly absorb the carbon OR 

2b. Do not explain how carbon is found in the other parts OR 

3. State generally that carbon can travel in the tree's body without identifying specific organic molecules.

	Level 1
	Simple force-dynamic accounts.

Actor-focused, with humans having more autonomy than animals and animals having more than plants.
	1. Explanations focus on the necessity of enablers for the growth or weight gain of the tree AND

2. Do not include hidden mechanisms.
	1. Answers No for all three parts of the question

OR

2. Explanations focus on needs of the tree (e.g., survival, health) as the result/purpose of carbon or the location where carbon is found


THINGTREE:  A small oak tree was planted in a meadow. After 20 years, it has grown into a big tree, weighing 500 kg more than when it was planted. Do you think the tree will need any of the following things to grow and gain weight? Please circle Yes or No and explain your choice. If you circled yes, explain how the tree uses it.  What happens to it inside the tree?

Sunlight    Y/N                    Soil       Y/N                   Water        Y/N                       Air       Y/N

	2
	Y
	sunlight is one of the main things a tree makes its food out of
	N
	it has to have minerals to even give any thing to the tree


	Y
	because it is going to need some kind of liewid to mix the materials together
	Y
	because it needs to be able to grow



	1
	Y
	It needs sunlight to it can grow
	Y
	Without soil the tree wont grow healthy and strong


	Y
	It always needs water to it can grow just like it needs sunlight
	Y
	Without the air it wont even be able to grow without it

	3
	Y
	Well the sunlight goes through small holes in the leaf and goes to every cell. 
	N
	Soil is not because I have seen plants that be living for a long time without soil. 


	Y
	Because nothing can live without water, it goes up the stem and ????? I don’t know. 


	Y
	It goes to the place were all the sugar is made and it helps it make the sugar. 

	4
	Y
	Is key in photo synthesis
	Y
	it needs room for its root system to grow


	Y
	it used in photo synthesis to help the plant produce food


	Y
	the main mass was gained from the CO2 it absorbed from the air

	3
	Y
	it uses it as energy but first it needs to convert it to sugar
	Y
	it holds the roots place so the tree doesn’t fall over. It also has nutrients in soil
	Y
	it is food for the plant but first it needs to be converted to sugar for it to be used as energy
	Y
	the tree needs to breathe it goes in as carbon and out as oxygen

	2
	Y
	it uses it for photosynthesis for energy
	Y
	the nutrients in the soil make it grow healthy, bigger
	Y
	so it stays hydrated and doesn’t die


	N
	

	3
	N
	no because light is not matter and it has no mass.
	Y
	yes because as more organisms die and such soil becomes dencer and trees use it as a source of food.


	Y
	Yes water can


	Y & N
	yes because air is a mixture of gases and if other gas leak they get into the air .tree gives off and take in part of air like carbon dioxide, etc.


CARBPATH: Use the table below to explain where you think that carbon is found inside a tree and how it gets there. Circle Yes or No for each location. If you circled yes, explain how the carbon gets to that location. Include molecules in your explanation if you can.

Does a tree have carbon in its leaves?    Y/N
Does a tree have carbon in its wood?       Y/N
Does a tree have carbon in its roots?       Y/N

	3
	Y
	the carbon is separated from oxygen when it is photosynthesized from CO2 it is left behind after leaf matter decays


	Y
	the wood is composed from the photosynthesis carbon and combined with nutrients it is decomposed
	Y
	all matter of the tree has carbon



	2
	Y
	the leaves soak in the suns rays


	Y
	it comes from the leaves


	Y
	it comes from the wood

	1
	Y
	yes because little bugs eat the leaves


	N
	
	Y
	yes because it makes the tree stay alive

	4
	Y
	the carbon gets there through photosynthesis, water, and CO2 are needed through this process and CO2 contains carbon


	Y
	yes because the wood has cells and cells need to go through cellular respiration and in cellular respiration then matter output is H2O and CO2 which has carbon
	Y
	roots also go through cellular respiration and in cellular respiration carbon is an outcome



	3
	Y
	CO2 and water are used to make up glucose which is found in the leaves


	Y
	the CO2 used to make glucose, which is transported through out the plants


	Y
	the roots can obtain CO2 by decomposing animals because the soil will be rich with CO2



	2
	Y
	CO2 gets to the leaves through cellular respiration


	Y
	the tree absorbs the CO2 and it becomes the mass of the tree


	Y
	it is absorbed by the roots along with water and minerals



	3
	Y
	the carbon is changed to sugar in the leaves
	Y
	carbon that was turned to sugar is stored there
	Y
	carbon is absorbed by the roots


