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This working paper describes analysis procedures for the Carbon Cycle Pretests and the contents of the data analysis spreadsheet.   The spreadsheet includes separate worksheets for each class, with each worksheet organized as follows. Each column in the worksheet will correspond to a specific item and rubrics for that item. The working paper will serve a guide to score student responses and enter data for each item into a worksheet.

The paper contains:

· A copy of each item on the pretest/posttest

· An explanation of the intended purpose of the item (from the test key)

· Rubrics for items

General Use of the Rubrics
When using the rubrics, try to determine whether the students’ responses match one of the existing codes. If it does not match an existing code, use the code “O” for “other”. If you notice a pattern of “other” responses, then add an additional code at the end to describe those responses. For example, if there is a pattern of responses that do not match codes A-D, then add a code E for those. If there is no noticeable pattern among the “other” responses, then do not add a new code. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. This means that if a response matches code D and code B, then use code B. Typically, codes A are the highest in each rubric. For each item there is a ‘comment’ column to make additional comments or clarifications if necessary.

Common Codes in Rubrics
O: Other- this code is used for responses that do not match any of the codes in the rubric but do seem related to the question. 

UI: Unintelligible- this code is used for responses that are difficult to read or interpret and seem unrelated to the question being asked.

NM: Not mentioned- this code is used for responses that are present, but do not mention certain elements that we are looking for.

NE: No explanation: this code is used for responses that provide answers but do not explain their answers.

IDK: I Don’t Know; this code is used when students write ‘I don’t know’ for the question.

NR: No response- this code is used for blank responses or “I don’t know” and “forgot”.

ITEMS and RUBRICS

Carbon Assessment Items

November 2005

1. Years ago farmers found that corn plants grew better if decaying fish were buried near by. What did the decaying fish probably supply to the plants to improve their growth? Circle ALL correct answers.

A. energy

B. minerals

C. protein

D. oxygen

E. water

2. Explain your answer to the previous question. How did the things you circled get from the fish to the plant?

Commentary

· The purpose of this question is to understand students’ ideas about the role of decomposers in nutrient cycling for plant and differentiation between food production for plant occurring on the leaves and water and mineral absorption occurring on roots. The main idea of this question is that animals, like plants, supply organic matter to the soil system through shed tissues and death. Decomposers consume this organic matter and convert it to inorganic nutrients in the soil. These nutrients can then be absorbed through plant root and used for the production of organic compounds. Students have been found to harbor many different alternate conceptions on the topic of this question. Thus, it is quite plausible that many of the students’ responses reveal these alternate ideas. Such responses would give us good indications of their understanding of this topic. It is important for students to understand that plants take in nutrients such as minerals from the soil, but they make their own food – the high-energy materials that they use for growth and metabolism. 

· The accepted answer of this question would be choice (B) with the correct explanation given in terms of nutrient cycling, i.e. the nutrients released in the soil because of the action of decomposers on dead buried fish are absorbed by the plants through their root system. And like all plants, corn plants too need nutrients from soil for their growth.

· Other interesting answers: 

· If a student picks choice (C) (protein) then probably the child mistakenly believes that plants get their food from the soil and needs nutrients similar to that of human beings. 

· Also, many students are aware that some sort of matter/energy cycling takes place in ecosystems. Further, the conception that food can be converted into energy is not uncommon. Thus, such students may find choice (A) (energy) as a reasonable response to the question.  

· A student picking ‘water’ or ‘oxygen’ as his response probably has little clue about nutrition in plants and matter cycling in ecosystems.

Rubrics

First Question: Food for plants: WHAT decaying fish supply to plants

The first part of this item is a multiple choice question. Students are allowed to circle more than one answer choice in this question. There are 5 possible answer choices to circle, labeled A-E in the question.

On the worksheet: 

Enter “1” for circled answer choices

Enter “0” for answer choices not circled

For example: If the student circles answer choices A, B, and C, then enter a “1” under A, B, and C and “0” under D and E. 

	
	Question 

	Student 
	A
	B
	C
	D
	E

	Student1
	0
	1
	1
	0
	0

	Student2
	0
	1
	0
	0
	0

	Student3
	1
	0
	0
	1
	1

	Student4
	0
	1
	1
	1
	0


Second Question: Food for plants: Explanation of HOW things in first question get to plants.

The second question asks students how the things in the first question get to the plant. Student responses are coded according to three parts, using three separate rubrics. Code students’ answers according to the three rubrics. It is likely that many responses will not include all the components of the 3 rubrics. If the student does provide an explanation, but the explanation does not include all the components, then use “NE” (not mentioned) in the columns. Only use NR (no response) if the student leaves the entire question blank. 

Rubric 1 for Second Question: Qualities of the Fish

	Code
	Characteristics of Student Responses
	Example Answers

	A
	Fish decay and release minerals/ matter/other; fish decay or rot
	By decaying matter soaking into the ground

	B
	Fish are a fertilizer
	Minerals fertilize the soil

	C
	Fish are source of protein (nutritional value); students use this similarly to how humans talk about the nutritional value of eating fish.
	Because fish are a good source of protein

	D
	Fish are source of energy
	Fish contain all the materials which are used to make energy; dead fish released energy

	O
	Other
	

	UI
	Unintelligible
	

	NM
	Not mentioned
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Rubric 2 for Second Question: How do things in First question get to plants 

	Code
	Characteristics of Student Responses
	Example Answers

	A
	Groundwater
	By water running through the ground; the groundwater carried it from the fish to the corn

	B
	Into ground/Soil
	By decaying matter soaking into the ground

	C
	By air
	Cause the wind blew it toward the plant

	D
	Close proximity
	Fish planted nearby

	O
	Other

-bugs
	Bugs would carry some of it

	UI
	Unintelligible
	

	NM
	Not mentioned
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Rubric 3 for Second Question: What do Plants do with it 

	Code
	Characteristics of Student Responses
	Example Answers

	A
	Absorb minerals (through roots)
	Minerals are absorbed by plants;

	B
	Absorb minerals/protein (through roots)
	

	C
	Absorb protein (through roots)
	

	D
	Absorb other
	

	E
	Mention stuff from first question getting to plant but not absorption or roots
	

	O
	Other
	

	UI
	Unintelligible
	

	NM
	Not mentioned
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Comments Column 
Use this column to make additional comments.

3. On March 10, 2004, National Public Radio reported that “forests in a remote part of the Amazon are suddenly growing like teenagers in a growth spurt.” Though, the radio report added, “This shouldn't be happening in old, mature forests.” Scientists have speculated that our actions may have caused this phenomenon. What do you think could be the scientific basis behind such a speculation?

Commentary

· The purpose of the question is to see if students understand and make connections between the role of CO2 in growth of trees and how human actions may have influenced this process. Students may have an understanding of what plants need to live and grow, but to answer this question they need to connect these ideas to how humans influence the process. To do this the students need to understand what contributes to plant growth, most especially that CO2 gas is an important factor in plant growth. The students would also need to have knowledge about how humans influence the amount of CO2 in the air.

· This question is related to the following big ideas: (a) model-based reasoning about processes in systems, (b) tracing matter in systems, and (c) ecological footprint. 

· The accepted answer to this question from middle and high school students is that the mature tree growth is caused by an elevated amount of carbon dioxide gas in the atmosphere. The students may mention that this elevated amount of CO2 is caused by human emissions from fossil fuel burning. If students understand that plants grow by converting CO2 and water into organic materials in which plant cells are made and the students also understand that humans affect the level of CO2 in the air, then the students can use these tools to reason that the plant growth may be due to humans emitting more CO2 into the atmosphere.

· Other interesting answers:

· Students may respond that the tree growth is due to warmer temperatures and more sunlight. These students may have a conception that global warming only has to do with temperature (the effect) rather than elevated levels of CO2 (the cause). Since students understand that plants use the sun’s energy, they may think that this is primary reason for the plant growth. There is some debate among scientists as to whether this is a factor influencing the plant growth, so answers to this effect could be true.
· Students may respond that the mature tree growth has to do with deforestation that is occurring in the Amazon. These may think that the trees are growing more because they have more space.

· Students may think that humans are adding something to the trees that are helping them grow, such as a fertilizer. 

Rubric

Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Trees grow due to elevated levels of CO2 in the atmosphere (which is influenced by burning of fossil fuels)
	An increase in the greenhouse gas, carbon dioxide

	B
	The temperatures are warmers causing the trees to grow (global warming)
	

	C
	Something about weather or climate.
	

	D
	Something else is naturally influencing the growth, such as high amounts of water or oxygen, nutrients, etc
	The forest could be getting a high amount of water, oxygen, ect., in order for them to grow therefore the trees will grow faster. 

	E
	Humans are adding something to the trees to help them grow or doing something to affect growth
	

	F
	Lack of pollution; that Amazon is not affected by the same air pollution as industrialized regions.
	

	G
	Trees are being cut down in the Amazon, leaving more space for other trees to grow.
	

	O
	Other
	

	IDK
	I Don’t Know
	

	UI
	Unintelligible
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments

4. The graph given below shows changes in concentration of carbon dioxide in atmosphere over a 5-year span at Mauna Loa observatory at Hawaii.

[image: image1.wmf]
Why do you think this graph shows low carbon dioxide concentration in winters and high in summers every year?  (Question is worded incorrectly, should be worded: Why do you think this graph shows decreasing levels of carbon dioxide from early summer to fall and increasing levels of carbon dioxide from early winter to late spring?) 

Commentary

· The purpose of this question is to understand students’ ability to connect scientific accounts at the organismal level (carbon absorption in plants due to photosynthesis) with that at global level (presence of carbon dioxide in atmosphere) in order to explain a phenomenon that shows this linkage. This question will also assess students’ ability to interpret graphical information correctly and to use it to explain a global phenomenon.

· The accepted answer to this question at middle and secondary level would be that due to greater availability of sunlight and more leaves on trees during summers as compared to winters there is greater photosynthetic activity in trees during summers. As a result, trees absorb more atmospheric carbon dioxide in summers than winters - a trend that gets reflected in seasonally varying concentrations of atmospheric carbon dioxide as shown in the graph.

· Other interesting answers:

· It has been seen that many students are not able to connect scientific accounts at different levels of biological scale to explain an observed phenomenon. 
· Also, some students are also week in interpreting graphical information. Such students may not be able to answer this question, and thus may either leave the question unanswered or give an incorrect tautological explanation. 
· Students who do not understand the relationship between atmospheric carbon dioxide and photosynthesis in plants may also give a non-biological explanation for the season variations in carbon dioxide.
Rubric

	CODE
	Explanation
	Example

	A
	In the summer, plants produce more food absorbing more atmospheric CO2
	Because many plants die in the winter and there are fewer humans outside.

	B
	When it is warm there is more CO2
	When the weather is cold there is less CO2.When its warm there is more CO2 in the air.

	C
	Human emit less CO2 in winter (drive less in winter)
	In the winter people don’t go that many places and are hardly at home in the summer.

	D
	The sun or sun’s heat energy cause more CO2 (heat rises, expands)
	CO2 is concentrated in the summer because heat rises; It expands in the summer because of the sun’s heat

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments.

5. Carbon exists as a part of different molecules or substances in nature. Name several places where carbon can be found in an ecosystem, and describe which molecule or substance that carbon is part of in each place.

Commentary

· To have a good understanding of how carbon cycles in ecosystems, it is important to not only know how carbon cycles in an ecosystem, but also what are the different carbon pools in it. This question is intended to help the teacher know what do students think about carbon pools.
· The accepted answer of this question at the both middle and secondary levels would be a description of several places and the different forms in which carbon may be found in an ecosystem, such as in atmosphere as carbon dioxide (and methane to a lesser extent), in living beings as body mass, in soil as dead organic matter, in water as dissolved carbon dioxide, and in rocks as fossil fuel and carbonates. 

· Other interesting answers:

· Many students tend to ignore the role and importance of matter pools in their account of how matter cycles in an ecosystem. Generally, matter cycling is understood in terms of an almost continuous flow of matter from one stage to another. Such students are likely to have little or a very vague idea of the different carbon pools in an ecosystem, and their response to this question should reflect their lack of clarity. 

· Students may not associate different carbon compounds found in nature as substances containing carbon, and thus are likely to ignore some obvious carbon pools such as bio-mass in constructing their responses.

Rubrics
This question is an open response. It is a two-part question. The first part asks students PLACES where Carbon is found and the second part asks students FORMS the carbon is found in. To code the first part, use rubric 1. To code the second part, use rubric 2.

Rubric 1: Places carbon is found 

There are 6 categories in this rubric. Use a “1” to indicate that the student listed this item in their response. Leave all other columns blank. If a student has a response that does not fit the 6 categories, place the item in the “other” category by writing the complete item name. 

	Question 
	
	
	
	
	
	

	
	Lake/Pond
	Air/atmosphere
	Plants/tree
	Rock/ground
	Animals
	Humans
	Other

	Student1
	
	
	
	
	
	
	

	Student2
	
	
	
	
	
	
	

	Student3
	
	
	
	
	
	
	

	Student4
	
	
	
	
	
	
	


Rubric 2: Forms of carbon 

There are 7 categories in this rubric. Use a “1” to indicate that the student listed this form in their response. For the Solid column, write in the name of the solid instead of using a 1. Leave all other columns blank. If a student has a response that does not fit the 7 categories, place the item in the “other” category by writing the complete item name. In addition, if the student mentions a PROCESS (i.e., breathing, photosynthesis, etc) write the process in the comments column.

	Question 
	
	
	
	
	
	
	

	
	Decaying matter
	Liquid
	Gas
	Solid
	CO2
	C6H12O6
	Other molecules
	Other

	Student1
	
	
	
	
	
	
	
	

	Student2
	
	
	
	
	
	
	
	

	Student3
	
	
	
	
	
	
	
	

	Student4
	
	
	
	
	
	
	
	


Comments Column 

Use this column to make additional comments.

6. A small acorn grows into a large oak tree. 

(a) Which of the following is FOOD for plants (circle ALL correct answers)? 

Soil                        Air

Sunlight

Fertilizer
Water

Minerals in soil

Sugar that plants make




(b) How does a plant change as it grows?

(c) Where do you think the plant’s increase in weight comes from?

Commentary A, B, and C: 

· The purpose of these questions is to understand students’ conceptions of plant nutrition and growth. Plant nutrition is a major area of conceptual confusion for most students. Food production through photosynthesis comes across as a pretty complex, abstract and counterintuitive concept for most students. As a result, students often have very different conceptions of plant nutrition and growth than what would be considered acceptable in a science classroom. 

· The accepted answer to question (A) should indicate that the student understands that the energy rich material made by a plant through photosynthesis is its food. For elementary students, they may not be aware of how plants make their own food, but they may have some conception that plants do make their food. In response to question (B) the student should mention different indicators of growth such as increase in size, weight, and growth of new parts like flowers and fruits. For question (C), the acceptable response mentions that increase in weight comes primarily from conversion of carbon dioxide and water into woody matter as a result of photosynthesis. For elementary students, it is important that they understand that this weight gain comes from food the plant makes, although they will likely not know the process by which this occurs.

· Other interesting answers:

· If a student mentions in response to question (A) that material absorbed from the soil by the plant is its food, then clearly that student is not able to link photosynthesis with food production in plants and is unclear of the distinction between nutrients absorbed from the soil by a plant and its food. Similar confusion can be seen in a student that sees sunlight as food for the plants. Such students mistakenly think that somehow sun’s energy gets converted into food during photosynthesis and thus are failing to conserve both mass and energy.

· Similarly, if in response to question (B), a student only mentions that plants become taller when they grow, then perhaps it is an indication that that student is interpreting plant growth only in terms of increase in length and not in terms of development or changes in mass—the characteristics biologists pay the most attention to. 

· If the student mentions that a plant remains the same as it grows, then probably the student is attaching a more colloquial meaning to growth, i.e. thinking of ‘growth’ in sense of just existing or being alive. 

· According to research, few students even at the high school level conserve matter and energy while thinking about plant (and animal) growth and nutrition. Thus, if a student in response to question (C) mentions that increase in weight of the plant comes from the material (nutrients) and water absorbed by the plant from the soil, then evidently the student is not linking photosynthesis with food production, is confusing nutrients with food and moreover sees food as providing only energy for living and not material for growth. Additionally, this student may be struggling with the idea that CO2 (a gas) can contribute to weight gain in plants.

Rubrics.

This is a 3-part question. You will use three rubrics to code this question. Use Rubric 1 to code A. Rubric 2 to code B, and Rubric 3 to code C. Use comments column to make additional comments on this question.

Rubric 1

The first part of this item is a multiple choice question. Students are allowed to circle more than one answer choice in this question. There are 7 possible answer choices to circle: Soil, Air, Sunlight, Fertilizer, Water, Minerals in soil, and Sugar that plants make.

On the worksheet: 

Enter “1” for circled answer choices

Enter “0” for answer choices not circled

For example: If the student circles answer choices Sunlight, Water, and Air, then enter a “1” under the corresponding columns

	
	Question 

	Student 
	Soil
	Air
	Sunlight
	Fertilizer
	Water
	Minerals
	Sugar

	Student1
	0
	1
	1
	0
	1
	0
	0

	Student2
	0
	1
	1
	1
	0
	0
	0

	Student3
	1
	1
	1
	0
	0
	1
	1

	Student4
	0
	1
	1
	1
	1
	1
	0


Rubric 2

The second part of the question asks students how the plant changes as it grows. Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	Code
	Explanation
	Example

	A
	Mentions several changes such as size, weight, grows bark, flowers or fruits
	It changes by getting larger, growing leaves and sprouting branches; it gets heavier, taller and produces seeds

	B
	Weight 
	Its weight changes

	C
	Size 
	It gets bigger and stronger

	D
	Flowers, fruit, bark, leaves
	It changes by sprouting more leaves

	E
	The seed is the central part of the response
	It changes because the seed starts to get bigger and eventually sprouts and the seed sheds it

	O
	Other

-cells

-changes over time
	It changes as it grows by the years pass

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 3: 

The third part of the question asks where the increase in weight comes from. Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	Code
	Explanation
	Example

	A
	From CO2 in the Air and H2O absorbed through the roots; Food the plant makes
	I think the weight comes from all the sugar it makes; The increase in weight comes from all the food it produces

	B
	From food it eats/gets or just list food.
	Just list food; It comes from the food it eats

	C
	From water and sunlight
	Water and sunlight that help it make food

	D
	From water/liquid only
	Water; all the liquid in the plant

	E
	From the ground or roots (which absorb nutrients)
	Where I think the weight comes from is the ground; weight comes from the roots

	F
	Change in what it is made out of (wood, bark, trunk, growing leaves), size or natural growth.
	Wood; weight comes from the bark. It grows all the leaves and branches; When it grows, I think the increase in weight comes from how big it is

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Comments Column 

Use this column to make additional comments.

7. When a person loses weight, what happens to some of the fat in the person’s body?

    (a) The fat leaves the person’s body as water and gas.

    (b) The fat is converted into energy

    (c) The fat is used up providing energy for the person’s body functions

    (d) The fat leaves the person’s body as feces 

8. Explain your answer to the previous question. Why do you think this happens to the fat?

Commentary

· The purpose of these questions is to understand whether and how students conserve mass in explaining changes in body weight in human beings. This is important since it deals with another conceptual area where students’ ideas are often at odds with the scientific ones.

· The accepted answer of the questions would be choice (A) with the explanation that the body fat is metabolized as an energy source by the body, the end products of this process being water and carbon dioxide. It is not expected that elementary students will know or understand this process, but middle and high school students should be more familiar with the process by which this occurs and have the conceptual tools that enable them to trace matter during the process.

· Other interesting answers:

· Many students tend to believe that food that we eat is somehow converted into energy or “goodness”. The food is not seen as contributing to growth of body mass or fat. Thus, there is a general disregard for conservation of both mass and energy in students’ thinking on this issue. It is likely that such students may apply the logic of such thinking in reverse, and thus pick options (B) or (C) as the most appropriate response

· Students may also select (B) or (C) because they associate weight loss with exercising, an activity that they see requires a lot of energy. The students also encounter the idea that ‘fat is converted to energy’ from the media, influencing them to select (B) or (C) as the mechanism for weight loss.

· Many students are unclear about what really happens to the food after it enters our bodies. They tend to think of digestion as a process of extracting usable energy out of food. These students then may think of loss of weight in human beings as a process where usable energy is extracted out of body fat, and then the ‘energy-less’ ‘used’ fat is excreted out of the body as feces. Such students are likely to pick (D) as their preferred response.

· Some students may select the correct choice (A) but their understanding of this may be limited. These students may see that individuals who exercise to lose weight sweat and breathe heavily. These students may choose the correct response to the question without understanding the actual process in which fat is converted to H2O and CO2.

Rubrics

There are three rubrics for this question depending on the answer choice circled. If the student answered A, use rubric 1 to code their explanation. If the student answered B or C, use rubric 2 to code their explanation. If the student answered D, use rubric 3 to code their explanation. These codes need to be recorded in the corresponding columns. Students will only have one code in one of the three columns; leave the other two columns blank. For example, if the student circles “B”, there will be one code from rubric 2 in column “BC” and columns “A” and “D” will be blank. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. If the response does not match any of the codes in the rubric, then code it as an “O”. Add an additional code, if there seems to be a pattern of responses that do not match the codes in the rubric.

Rubric 1: Answered A on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	Fat is broken down to water and CO2 in cells
	The fat is broken down in the cells to water and carbon dioxide

	B
	Fat becomes sweat. Do not mention gas.
	Fat exit the body as sweat

	C
	Fat burns out
	

	O
	Other
	Body is made up of a lot of water

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: Answered B or C on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	Fat is converted into energy and been used by body
	

	B
	Fat is energy stored in body and can be use by body. 
	

	C
	Fat is released from body in forms of feces
	

	D
	Fat is used up or Fat disappears
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 3 Answered D on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	Try to conserve mass
	

	B
	Mass leaves the body as feces
	The mass will leave the body as feces, meaning weight is lost

	C
	To rid of mass/weight by getting it out of body
	The only way to get rid of something is to get it out

	D
	Exercise
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments.

9. When an apple is left outside for a long time, it rots. 

(a) What causes the apple to rot?

           (b)        Explain what happens to the weight of an apple as it rots.

Commentary for questions A and B: 

· The purpose of this question is to uncover students’ understanding of decomposition of dead organic matter. Students’ responses should tell us whether and to what extent students trace the movement of matter in decomposition processes, such as rotting of an apple, and also if students impose any model-based constraints in their reasoning on this phenomenon. It naturally goes without saying that a sound understanding of this crucial topic is a necessary foundation for building a deeper understanding of matter cycling in ecosystems. 

· The accepted answer to the question A at all three levels – elementary, middle and secondary - would be a brief and basic description of rotting in terms of decomposition of the apple by microbes (bacteria and fungi). This decomposition occurs as a result of use of apple as a food source by the microbes.

· In case of question B, an acceptable answer at elementary level would describe loss of weight in terms of consumption of food matter in apple by microbes or decomposers. At middle and secondary level, an acceptable answer should also mention that these organisms convert the organic materials in the apple to carbon dioxide, water, and a few minerals. Some students may mention only reduction in weight, but we expect students at middle and secondary level to be also aware that this reduction in weight is not a result of conversion of matter into energy but of conversion of solid matter into other forms of matter. 

· Other interesting answers:

· According to research, students are generally unaware of the role that microbes play in nature, especially as decomposers and recyclers of matter. Thus, it is quite likely that students may give alternative explanations for these questions. In response to question A, if a student mentions that an apple rots on its own then it is an indication that the decay process is being seen to be happening on its own without the intervention of any causal agency. 

· It is also possible that some students may attribute rotting to non-biological processes, such as rain or heat. That is, the rotting of an apple may be described as “the rain turns it onto mush”. Such students as indicated above may be unaware of the role of the microbes as decomposers and contribute the decomposition to external, environmental factors.

· Matter is rarely conserved in students’ explanations of this phenomenon. Thus, it is likely that many students may explain reduction in weight entirely in terms of disappearance of matter.

· Some students may respond that the reduction in weight is due to evaporation of the ‘juice’ in the apple. These students likely realize that some process occurs that results in the apple’s disappearance, but incorrectly assume that heat/sun cause the apple to evaporate just as water evaporates and ‘disappears’ into the air. 

Rubrics
This is a 2-part question. You will use two rubrics to code these questions. Use Rubric 1 to code part A and Rubric 2 to code part B. 

Rubric 1: What causes the apple to rot? 
The first part of the question asks students what causes the apple to rot. Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	Code
	Explanation
	Example

	A
	Decomposition of apple by microbes/

bacteria
	Bacteria; decomposing bacteria

	B
	Microbes/bacteria eat up the apple
	Apple is eaten by bacteria

	C
	Rotting is a physical change caused by air, sun, wind, heat, etc. 
	Apple is dried by sunlight

	D
	Oxygen
	Oxygen is absorbed by apple

	E
	The apple is not receiving the things it needs to grow
	Not having sunlight and not having water; It isn’t taking in any air

	F
	Apple rots by itself from inside
	Apple rot from the core. 

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Rubric 2: What happens to the weight 
The second part of the question asks students what happens to the weight of the apple. Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	Code
	Explanation
	Example

	A
	Microbes convert matter into CO2, water, and minerals
	

	B
	Bacteria eats or gets it
	The bacteria gets it; The bacteria eats it

	C
	The weight decreases because of physical change such as evaporation. 
	The weight goes into the air like it is evaporating; The weight is the juice evaporates from the apple

	D
	The weight decrease (general answer but gives no reason)
	

	E
	The weight increases
	

	O
	Other

- describe the appearance of the apple rotting
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Comments Column 

Use this column to make additional comments.

10. Humans get oxygen from the air they breathe.

A. Where in the body does the oxygen get used?

       B. How does the oxygen get used?

Commentary:

· The purpose of this question is to reveal students’ understanding about the cyclic function of oxygen gas in aerobic human respiratory system. The main idea of this question is to understand human respiration mechanism as the release of energy from glucose or another organic substrate in the presence of oxygen. This is the reverse process of food production in plant. The energy is used to make a substance called ATP which provides energy for other processes such as muscle contractions. Aerobic respiration takes place inside the cells’ mitochondria. During the process, ATP is produced in two biochemical pathways – the Krebs cycle and the Electron Transport Chain. Following is a balanced chemical equation for the process of aerobic respiration: C6H12O6 + 6 O2  ( 6 H2O + 6 CO2 + energy
· The accepted answer of question A would be the explanation that oxygen gets used in different cells of the body during cellular respiration. Oxidative respiration takes place within the Mitochondria. This is the method by which plant and animal cells get the majority of their energy. 

· The accepted answer of question B would be the explanation that cellular respiration is the process by which food is broken down by the body’s cells to produce energy, in the form of ATP molecules. In plants, some of this ATP energy is used during photosynthesis to produce sugar. 
· Other interesting answers: 

· Many students think of respiration mainly in terms of inhaling and exhaling of air. The linkage between breathing and respiration at the cellular level is tenuous at best for many students. Such students may have an unclear idea of the place where and how oxygen gets ultimately used, and this lack of clarity should be evident in their responses.

· Students may have the conception that air that we breathe in is ‘good’ and it is exchanged with ‘bad’ air that is exhaled. These students may answer that the primary role of the lungs is to make this exchange between good and bad air. If the student responds in this way, it is likely that they do not know why and how oxygen is used by the body and think that CO2 is a waste or negative product of respiration.

Rubrics

There are two rubrics for these questions. Use rubric one to code responses to part A. Use rubric 2 to code response to part B. 

Rubric 1: Part A 

This item is an open response question. Code the item according to the rubric below. If the students’ response does not match any of the codes, then categorize the item in “O” for other response. If it seems that several students are providing similar responses that do not correspond to the codes, add an additional code to explain their responses. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. 

	Code
	Characteristics of Student Response
	Example

	A
	In cellular respiration or in the cells of the body 
	Cellular respiration, in the cells of the body

	B
	Used in respiratory and circulatory systems or nervous system
	Lungs and bloodstream

	C
	Used only is respiratory system (Lungs)
	Lungs, breathing, ‘air cells’

	D
	Used only is circulatory system (heart /bloodstream)
	Bloodstream, red blood cells, heart

	E
	Generic- all over the body, everywhere
	Everywhere; all over the body

	O
	Other

-to live

-muscles and red blood cells

-brain
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Rubric 2: Part B 

This item is an open response question. Code the item according to the rubric below. If the students’ response does not match any of the codes, then categorize the item in “O” for other response. If it seems that several students are providing similar responses that do not correspond to the codes, add an additional code to explain their responses. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. 
	Code
	Characteristics of Student Response
	Example

	A
	Process of cellular or aerobic respiration 
	O2 gets used by cells in aerobic respiration; convert glucose to ATP in respiration; used in the mitochondria of the cells

	B
	In aerobic respiration or cellular respiration (uses this terminology without any additional explanation) 
	Aerobic Respiration; Cellular Respiration

	C
	Oxygen is energy for our bodies/cells 
	As energy, to give energy to cells

	D
	Oxygen is taken to cells in the body
	To help our bodies function by giving oxygen to our cells

	E
	Respiration at a molecular level, trace O2 becoming CO2, etc., but no mention of cells
	It circulates through the body and when its used, it turns into CO2; the lungs inhale O2 and exhale CO2

	F
	In breathing or respiration, Breathe to live
	Breathing, respiration, to help us breathe

	G
	Transported by bloodstream/circulates the body
	Through the bloodstream

	O
	Other

        -     source of food/nutrients for body

· made into blood

· used in whole body
	Acts as food; it makes nutrients for our body

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No response
	


Comments Column 

Use this column to make additional comments.

11. When humans breathe, they exhale carbon dioxide. How is the carbon dioxide produced in the body?

Commentary:

· The purpose of this question is to reveal students’ understanding of carbon dioxide as the product of cellular respiration process by which organisms utilize sugars in their food to produce ATP and water by oxidation to produce energy to perform all the necessary actions of living creatures. Most students are aware that exchange of gases takes place in lungs and when we breathe we exhale carbon dioxide. But when asked what respiration is, even high school students tend to end up with referring to only gas exchange by inhaling and exhaling of air. 
· The accepted answer of this question would an explanation to the effect that carbon dioxide is produced in cells as one of the end products during cellular respiration in which food molecules, such as glucose, is oxidized to produce carbon dioxide and water. 

· Other interesting answers:
· There is research that shows that even many college students (non-biology majors) tend to identify respiration with breathing and fail to link food, oxygen, carbon dioxide and energy into any coherent view about respiration. Thus, such students are likely to use conceptual terms such as respiration to stand for explanations, such as ‘carbon dioxide is produced because of respiration’ without specifying where and how this process takes place.
· Again, students may have the conception that air that we breathe in is ‘good’ and it is exchanged with ‘bad’ air that is exhaled. The student may respond that CO2 is a waste or negative product of respiration produce in the lungs.
Rubrics

This item is an open response question. Code the item according to the rubric below. If the students’ response does not match any of the codes, then categorize the item in “O” for other response. If it seems that several students are providing similar responses that do not correspond to the codes, add an additional code to explain their responses. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. 
	Code
	Characteristics of Student responses
	Examples

	A
	Product or Waste Product from Cellular or Aerobic Respiration
	CO2 is what is left when the cell is done with respiration; CO2 is a byproduct of cellular respiration; CO2 is waste product of cellular respiration; C6H12O6 + O2 ( CO2 + H2O

	B
	List cellular respiration/aerobic respiration without much explanation
	Through aerobic respiration; it’s a waste product

	C
	Molecular level: O2 turns into CO2; CO2 is old O2
	O2 gives off CO2; O2 becomes CO2; CO2 is used O2; O2 turns into it; CO2 is produced by O2. 

	D
	Mention CO2 being related to energy
	Released energy from cells; O2 is used for energy created by CO2

	E
	Lungs/breathing/exhaling
	In lungs; through lungs; produced by the lungs 

	F
	Through or used in the body
	Through body; in body; 

	O
	Other
	Photosynthesis; CO2 is produced by blood cells or by food

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments.

12. Humans must eat and breathe in order to live and grow. Are eating and breathing related to each other? (circle one)

YES          NO

13. Explain why you circled your answer for the previous question.

Commentary 

· The purpose of these questions is to understand students’ conceptions of the relationship between eating and breathing in human beings. A coherent understanding that sees eating and breathing as related activities includes: 1) eating and breathing together provide oxygen and glucose, which are necessary for human metabolism – cellular respiration, and 2) energy is not created or destroyed in the biosphere. Humans eat to gain chemical energy from the food. Energy can only be used by the body with the help of oxygen provided by breathing. Breathing also helps flush out carbon dioxide produced during cellular respiration.

· The accepted answer of this question for middle and high school students would explain that eating and breathing are indeed related to each other as use of eaten food as energy source and for building or maintaining body mass by the body can happen only with the help of oxygen provided by breathing for cellular respiration. Breathing also helps flush out carbon dioxide produced during cellular respiration.

· Other interesting answers:

· Many students fail to link food, oxygen, carbon dioxide and energy into any coherent view about respiration. Thus, it is possible that many students either may not see any connection between these two activities, or if they do, the connection may be vague and tautological. 

· The students may think the two processes are only related in that they are needed to sustain life. It is likely the students do not understand the cellular processes that link eating and breathing.

· The students might also be able to provide a formula for cellular respiration, without explanation of their ideas. Although this formula is an acceptable answer, it may be the case that the students do not have a deep understanding of the process. In this case it is difficult to interpret exactly how much the student understands. 

Rubrics

This is a 2-part item that will use two rubrics depending on the response to the first part of the question. If the student answered ‘yes’ to part 1, then use to rubric 1 to code the explanation. If the students answered ‘no’ to part 1, then use rubric 2 to code the explanation

Rubric 1: Yes 

Use the rubric below to code the students’ responses if they answered Yes to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	Code
	Characteristics of Student responses
	Examples

	A
	Both breathing (O2) and eating (C6H12O6) are needed for cellular respiration or aerobic respiration; Feed your cells
	Yes, because the body needs oxygen from breathing to turn glucose from eating into ATP



	B
	Both give the body energy or nutrients
	They are forms of energy; both are used to get energy for your body;

	C
	Both are needed to live, survive, help you grow 
	Both are essentials to life; you must breathe in order to live;

	D
	One is dependent on the other
	You have to be able to breathe in order to eat (or vice versa), Breathe when you eat

	E
	Both go in body or mouth, throat
	Eat with your mouth and can breathe with your mouth; both let stuff in and then throw different stuff out

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 1: No 

Use the rubric below to code the students’ responses if they answered No to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Eating gives you nourishment; air keeps you alive
	You eat to gain nourishment for you body and you breathe so you don’t die

	B
	Amount of time to go without them is different
	You can go a number of days without food and only a certain amount of minutes without oxygen

	C
	Air goes to lungs; food goes to stomach
	Breathe goes to the lungs and food goes to the stomach

	D
	Do not see any connection
	I don’t see how they are related

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Please use this column to make additional comments.

14. Which gas(es) do plants take in from their environments? (you may circle more than one)

oxygen

carbon dioxide

other


15. Explain what happens to the gases once they are inside the plant. 

Commentary: 

· The purpose of these questions is to understand what students know about gas exchange in plants. Gas exchange in plants is an important part of a carbon cycle in an ecosystem. Unfortunately, it is also another conceptual area of confusion for most students. 
· The accepted answer to this question at the middle and high school level is that the student circles both ‘oxygen’ and ‘carbon dioxide’, and correctly explains that oxygen is used by plants for respiration by plant cells and carbon dioxide for photosynthesis in leaf cells. 
· Other interesting answers:
· The ‘plant breathing-animal breathing’ model, (i.e. the notion that animals breathe in oxygen and breathe out carbon dioxide whereas plants breathe in carbon dioxide and breathe out oxygen), is found quite prevalent in students’ thinking about gas exchange in plants. Thus, the fact that plants also need oxygen to respire is either ignored or not understood. Students harboring such ideas are likely to circle only carbon dioxide as the gas that plants take in from their neighboring environment. 
· Respiration in plants as well as animals is a poorly understood topic among students. Thus, it is possible that some students may be aware that plants also take in oxygen for respiration. But it is also likely that they may have no explanations for what actually happens to the oxygen once it is inside the plant. 

Rubrics.

Rubric 1: What gases are used in plants 

The first part of this question does not need to be coded using a rubric. Students were given 3 answer choices and could circle as many choices as they wanted. The answer choices were “carbon dioxide”, “oxygen”, and “other”. Place a “1” in the corresponding columns depending on which answers were circled by the student.

	
	Question 
	
	

	
	Oxygen
	Carbon Dioxide
	Other

	Student 1
	1
	1
	

	Student 2
	
	1
	1

	Student 3
	1
	
	


Rubric 2: How are the gases used 

This second part to the question is the explanation of the gases circled in part 1. Code the item according to the rubric below. If the students’ response does not match any of the codes, then categorize the item in “O” for other response. If it seems that several students are providing similar responses that do not correspond to the codes, add an additional code to explain their responses. 

	Code
	Characteristics of Student Responses
	Example Responses

	A
	Circle Both: O2 used for cellular respiration and CO2 used during photosynthesis
	

	B
	Circle CO2 only: CO2 used to make glucose during photosynthesis(photosynthesis, glucose, to make food).
	Plants take in CO2 and use it for photosynthesis to form food and then send O2 out

	C
	Circle Both: think that both are used to make food/glucose or used in photosynthesis
	They help regulate photosynthesis; They are used to make food/glucose; made into glucose

	D
	Circle Both or CO2 only: Gas exchange: CO2 is taken in and transformed/ produces/make O2 which is released (no mention of photosynthesis)
	The CO2 turns into O2 and then it is let out into the air; they intake carbon and release O2; they make O2

	E
	Circle Both or just 1:Used to make energy or get energy
	Pushed into cell for chemical energy; they are used to make energy

	F
	Circle Both or just 1: Help plants live and grow
	They help plant live; 

	G
	Circle Both or just 1:Explicitly compare to humans
	They circulate like they do in humans; much like our own respiration; They turn into O2 for us to breathe

	O
	Other

- a backwards response: take in O2 and release CO2
	They are disfused and released; they go through the leaves to help photosynthesis and get released as CO2

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments.

16. What do you think are the main causes of global warming? List them in order of significance. 

17. Explain your choice of order on the previous question, explaining how you decided which causes were more significant than other causes.

Commentary

· The purpose of these questions is to see if students have knowledge of multiple factors influencing global warming and to see if they have an understanding of the magnitude of each factor. 

· The accepted answer for the first question at the high school level is to list multiple factors, such as carbon emissions from burning of fossil fuels (coal, natural gas, oil) in power plants and factories, cement production, carbon emissions from automobiles, and deforestation. The accepted answer for the second question is to order these causes with carbon emissions from power plants and cement production first, carbon emissions from automobiles second, and deforestation third. Students may also combine carbon emissions from burning fossil fuels in power plants and by automobiles. 

· Other interesting answers:

· Students may not have answered that carbon emission from power plants as the leading cause of global emission because this human system is invisible to them. The students may not have experiences with power plants and may not have learned that power plants emit carbon into the atmosphere.

· Students may not be aware that carbon is emitted from cars and trucks because they have few experiences with automobiles and may not know that cars emits carbon dioxide into the atmosphere.

· Students may think that deforestation is the leading cause of global warming, since much of the media has emphasized that humans need to plant more trees to stop global warming. 

· Students often confuse ideas of ‘global warming’ and ‘ozone depletion’. Because of this confusion, students may think that chlorofluorocarbons (CFCs) are a major cause of global warming. Students responding in this way do not realize that global warming is due to the accumulation of carbon in the atmosphere, which traps heat energy from the sun.

Rubric

This item will be coded using 2 rubrics. The first rubric is simply a record of how the students ranked the causes of global warming. In the columns, record the order of the rankings (using 1, 2, 3) with the corresponding cause. If the student listed a cause that does not fit the common answers already listed, write the item in the column ‘Other’ following by the number corresponding to its rank. If the student used 2 of the common answers together, such as ‘pollution from cars’, then list the corresponding rank in both columns. Below is an example of what how the first part of this item should be coded. 

Common Answers- (column heading, followed by explanation of what the heading represents)

Pollution- if the student mentions the word ‘pollution’.

CO2- if the student uses carbon dioxide or greenhouse gases in the response.

Globwarm- if the student mentions global warming

Ozone- if the student mentions ozone or ozone depletion

Trees- if the students mentions tree cutting, forest depletion 

CFC’s- if the student mentions CFC’s.

Cars- if the students mentions cars 

Fossil - If the student mentions the burning of fossil fuels

	Student
	Pollution
	CO2
	Globwarm
	Ozone
	Trees
	CFCs
	Cars
	Fossil 
	Other
	Reasons
	Comments

	1
	1
	
	
	
	2
	3
	
	
	
	
	

	2
	2
	
	
	
	1
	
	
	3
	
	
	

	3
	1
	
	
	
	
	
	2
	
	Factories-3
	
	

	4
	1
	
	1
	2
	3
	
	
	
	
	
	

	5
	
	
	
	
	1
	
	3
	
	dirtyH20-2
	
	


The second part of this item will be scored using the following rubric. You will record the corresponding code in the column labeled ‘Reasons’. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. If you need to make additional comments, such as ‘student confuses global warming and ozone depletion,’ do so in the ‘Comments’ column.

REASONS COLUMN

	Code
	Characteristic of Student Responses
	Example Responses

	A
	High levels of CO2 in the atmosphere trap heat from the sun causing an increase in temperature
	

	B
	Burning fossil fuels cause global warming
	

	C
	Air pollution in the atmosphere traps heat from the sun- no distinction between CO2 and pollution
	

	D
	Not enough forests/plants to compensate for pollution/CO2
	

	E
	Related to Ozone depletion
	

	F
	Media- hear about it from media or people
	

	G
	Tautological response; repeat their answer, but do not explain
	

	H
	Related to a natural occurrence, such as earth tilt, movement of sun, weather, climate, sun’s position on earth, length of time light hits certain areas, etc
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments.

18. The BEST way to reduce global warming would be:

(a) to reduce air pollution from factories and power plants.

(b) To plant more forests and grow more trees.

(c) To use public transportation rather than personal cars.

(d) Any other (mention): ______________________________________________________ 

19. Why do you think your choice on the previous question is the BEST way to reduce global warming? 

Commentary

· The purpose of these questions is to see if students have a sense of the magnitude of causes of global warming which would influence the decisions to reduce global warming. 

· The accepted answer for the first question is choice (a) to reduce air pollution from factories and power plants. The accepted answer for the second question is that power plants and factories are the leading source of carbon dioxide emissions, primarily caused from the burning of coal, natural gas, and oil, as well as cement production. 

· Other interesting answers:

· Students may respond to the first question correctly, saying the reduction of pollution from power plants in the best way to reduce global warming. However, the student’s response to the second question may not include CO2 in their reasoning. This would indicate that the student may not be aware that CO2 is the principle emission from power plants. They may have some notion that pollution is bad, but not realize what the ‘pollution’ is.

· Students may say that planting more trees is the best way to reduce global warming. These students may explain this in various ways. They may realize that planting trees would increase the absorption of carbon dioxide, thus reducing carbon dioxide on the atmosphere. Although this is true to some extent, it shows that the student does not realize the magnitude of the different causes of global warming. 

· The students may respond that using public transportation is the best way to reduce global warming. Although the use of gasoline in automobiles is a major contributor to CO2 emissions, its magnitude is less than the CO2 emissions from power plants. Students selecting this answer may have some ideas that automobiles are effecting global warming, but they may not realize the magnitude of this cause.
Rubrics

There are 4 rubrics to code these questions, depending on the response to the first question. If the student circled A, use rubric 1 to code their explanation. If the student circled B, use rubric 2 to code their explanation. If the student circled C, use rubric 3 to code their explanation. If the student circled D there will be no rubric to code the answer, however, the written response will need to be recorded under the column labeled ‘Other’. Use the corresponding rubrics. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. If the response does not match any of the codes in the rubric, then code it as an “O”. Add an additional code, if there seems to be a pattern of responses that do not match the codes in the rubric.

Rubric 1: Answered A on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	Factories are the leading source of carbon dioxide or fossil fuel emissions
	

	B
	Factories are the leading source of pollution, but the student does not know what this pollutant is.
	

	C
	Pollution is bad 
	

	D
	Pollution insulates the atmosphere
	

	E
	Pollution destroys ozone
	

	F
	Tautological response- reducing pollution would help
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: Answered B on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	Planting more trees will reduce CO2 in the atmosphere
	

	B
	Planting more trees will reduce global warming
	

	C
	Planting trees is good
	

	D
	Planting trees will produce O2
	

	E
	Tautological response
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 3 Answered C on multiple choice 

	Code
	Characteristic of Student Responses
	Example Responses

	A
	By using public transportation, you will reduce CO2 emissions from cars
	

	B
	Cars pollute the air
	

	C
	This is something they heard in the media
	

	D
	Cars are related to ozone depletion
	

	E
	Tautological response
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Other Column - answer choice D

Use this column to write in the response if the student circled answer choice D.

Comments Column 

Use this column to make additional comments.

20. A small car on average uses 400 gallons of gasoline a year. About how many pounds of carbon dioxide do you think the car emits from burning the 400 gallons of gasoline? 

(a) close to 0 lbs of carbon dioxide as gases weigh almost nothing.

(b) close to 80 lbs of carbon dioxide

(c) close to 800 lbs of carbon dioxide

(d) close to 8000 lbs of carbon dioxide

(e) close to 80,000 lbs of carbon dioxide

Commentary

· The purpose of this question is to understand students’ ability to reason quantitatively about everyday combustion processes using simple data and model-based reasoning of chemical changes involving organic compounds. This ability is especially important to understand the extent and magnitude of human impact on global carbon cycle, and pooling of carbon in the atmosphere. Thus, it becomes important to assess this ability both at the middle and secondary levels in K-12 education.

· The accepted answer to this question at middle and secondary level would be option (c), i.e. close to 8000 lbs of carbon dioxide.

· Other interesting answers:

· It has been seen that many students till the secondary level do not attribute weight to gases. Such students may choose option (a). 

· Students who think that gases have weight but are extremely rare in density may opt for option (b). 

· It is possible that students who choose option (e) are doing so because they do not understand the need to exercise constraints imposed by mass conservation law in thinking about such phenomena. 

Rubric

The item is a multiple choice question. Students are asked to circle only one answer choice to the question. There are 5 possible answer choices to circle, labeled A-E in the question.

On the worksheet: 

Enter “1” for the circled answer choice

Leave blank for answer choices not circled

	
	Question 

	Student 
	A
	B
	C
	D
	E

	Student1
	
	1
	
	
	

	Student2
	
	
	
	1
	

	Student3
	1
	
	
	
	

	Student4
	
	1
	
	
	


Comments Column 

Use this column to make additional comments.

21. About how many trees would you have to grow to absorb the amount of carbon dioxide emitted per year by the small car mentioned in the previous example? 

             (a) about 2000

(b) about 200

(c) about 20

(d) about 2

Commentary

· The purpose of this question is to understand students’ ability to reason quantitatively about photosynthesis in plants and its role in absorbing atmospheric carbon dioxide. Understanding photosynthesis and gas exchange in plants quantitatively is important in order to appreciate the limits of afforestation and reforestation as means to counter global warming. Thus, it becomes important to assess this ability both at the middle and secondary levels in K-12 education.

· The accepted answer to this question at middle and secondary level would be option (b).

· Other interesting answers:

· It has been seen that many students till the secondary level do not attribute weight to gases, and also do not think of trees as pools of carbon absorbed from atmosphere. Such students may make a wild guess in choosing an option. 

· Students who think that growing trees is an effective measure to control or limit atmospheric levels of carbon dioxide and thus global warming, may overestimate the amount of carbon dioxide a tree absorbs in its life time. Such students may choose options (c) or (d).

Rubric

The item is a multiple choice question. Students are asked to circle only one answer choice to the question. There are 4 possible answer choices to circle, labeled A-D in the question.

On the worksheet: 

Enter “1” for the circled answer choice

Leave blank for answer choices not circled

	
	Question 

	Student 
	A
	B
	C
	D

	Student1
	
	1
	
	

	Student2
	
	
	
	1

	Student3
	1
	
	
	

	Student4
	
	1
	
	


Comments Column 

Use this column to make additional comments.

22. What happens to the wood of a match as the match burns?  Why does the match lose weight as it burns?

Commentary
· The purpose of this question is to uncover students’ understanding of chemical changes in and conservation of matter in combustion of carbon compounds (wood) that is chemically equivalent to respiration in cells of living beings. Though specifically it is not covered under any learning goal in elementary, students, as a result of their daily experience, come to develop some ideas about matter change and (lack of) conservation of matter in burning of matter. For instance, many students tend to think that when wood is burned in a closed container it will weigh more because they can see the smoke that was produced. Also, many students see the smoke as having been driven out of the wood by the flame. Thus, understanding of changes and conservation of matter in chemical processes tends to be different from scientific explanations. It will be interesting to know if there are similarities and differences in students’ thinking of combustion of wood and respiration of food. An understanding of how elementary students begin to think on this topic is a necessary foundation for countering deep-seated naïve ideas about combustion, and by extension about matter cycling in ecosystems.

· The accepted answer to this question at elementary level would be that as a result of burning some of the wood matter changes to smoke, and the match loses weight because stuff/matter in the form of smoke drifts away from the wood. The accepted answer to this question at middle and secondary levels would be that as a result of burning some of the wood matter chemically changes to CO2 and H2O, and the match loses weight because matter in the form of smoke drifts away from the wood.

· Other interesting answers:

· Many students, especially at the elementary and middle levels, do not attribute weight to gases. Thus, considering smoke as essentially weightless, they may explain the loss of weight in tautological terms such as it “disappears” or “goes away”. 

· It is also plausible that some students may think that when wood is burned in a closed container it will weigh more because they can see the smoke that was produced. Such students may be of the opinion that the weight of the wood increases as the match burns, and thus may be unable to explain why the match loses weight while it burns. It is also possible that many students may see the smoke as having been driven out of the wood by the flame. Such students may explain the loss of weight of the match in these terms.

Rubric

Use the rubric below to code the students’ responses. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Matter changes to smoke (CO2&H2O) and drifts away from the wood
	

	B
	Goes into the air
	It loses weight because it goes into the air

	C
	Wood turns to ash
	It turns to ash

	D
	Wood melts
	Because it gets on fire and melts

	E
	Wood disappears or goes away because it burns
	It burns away; It loses weight because it goes away

	F
	Description of it turning to pieces, pieces falling off, or the match getting lower/shorter
	It gets lighter because pieces rip off; it gets lower

	G
	Fire causes change in wood
	

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column for additional comments.

23. A sample of solid carbon dioxide (dry ice) is placed in a tube and the tube is sealed after all of the air is removed. The tube and the solid carbon dioxide together weigh 27 grams.
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 The tube is then heated until all of the dry ice evaporates and the tube is filled with carbon dioxide gas. The weight after heating will be:

(a)
less than 26 grams.

(b)
26 grams.

(c)
between 26 and 27 grams.

(d)
27 grams.

(e)
more than 27 grams.

24. Explain the reason for your answer to the previous question.

Commentary

· The purpose of this question is to understand how students interpret conservation of mass in phase change. Environmental systems are matter-transforming systems and students need to understand how matter is transformed by physical and chemical changes
· The accepted answer to this question is answer choice (d). The accepted answer to the second question is an explanation that the mass stays the same because nothing has been gained or lost during the sublimation of solid CO2 to gaseous CO2 with the tube. 

· Other interesting answers:

· According to research, the most common misconception in this question is that a gas weighs less than a solid. Students may associate gas mass with density and think gas state substances have less mass than solid state substances. Therefore, students tend to think gaseous carbon dioxide is less dense than solid dry ice and would likely answer choices (a), (b), or (c).
· Especially matter transformation of gaseous substances is the most problematic issue for students. They tend not to attribute mass to gaseous molecules generally. A common finding about students’ reasoning about transformation of gaseous substances is that students fail to trace the matter and therefore cannot conserve the mass.

· The other possible reason for student’s reasoning for (a), (b), or (c) is that carbon dioxide gas is lighter than the air. This type of answer shows that all the diffusion of any gases is considered as rising and so is the mass of the gas regarded as lighter than air. However, especially in the case of carbon dioxide gas, there can be exceptionally interesting reasoning about the mass. 

· According to research, the second common alternative conception about the property of gas is that students tend to compare the properties of any kind of gas to air and carbon dioxide as one of the famous gases is usually considered as heavier than the air, unlikely, than the other famous gases such as oxygen and hydrogen gases. Therefore, the other alternative answer could be (e), which attributes more mass to gaseous carbon dioxide than to solid dry ice. Some students may know that molar mass of carbon dioxide gas is heavier than the average molar mass of air and they may have observed dry ice sublimed and dispersed as a gaseous carbon dioxide formed near the ground in performing art stages. 

Rubrics

There are three rubrics for this question depending on the answer choice circled. If the student answered A, B, or C, use rubric 1 to code their explanation. If the student answered D, use rubric 2 to code their explanation. If the student answered E, use rubric 3 to code their explanation. These codes need to be recorded in the corresponding columns. Students will only have one code in one of the three columns; leave the other two columns blank. For example, if the student circles “B”, there will be one code from rubric 1 in column “ABC” and columns “D” and “E” will be blank. If a response seems to fit 2 codes, use the ‘higher’ of the two codes. If the response does not match any of the codes in the rubric, then code it as an “O”. Add an additional code, if there seems to be a pattern of responses that do not match the codes in the rubric. This question also contains a column labeled ‘process’ in which you can record whether the students use the terms ‘evaporation’ or ‘sublimation.’

Rubric 1: Answered A, B, or C on multiple choice 
	CODE
	Explanation
	Example

	A
	Gases weigh less than solids
	Gases don’t weigh as much as solids

	B
	Gases are spread out causing it to weigh little to not at all
	They are mixed in the air so the weight of the gases is are little to none because gravity has no effect on it

	C
	Gases don’t weigh a lot
	Gas doesn’t weigh a whole lot

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: Answered D on multiple choice 
	CODE
	Explanation
	Example

	A
	Remains the same weight
	There is still the same amount of dry ice its just in a different form

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 1: Answered E on multiple choice 
	CODE
	Explanation
	Example

	A
	Gas weighs more because it takes up more space
	The heat will make it expands taking up more space

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Process Column 

If the student mention evaporation, type ‘evap’ in this column. If the student mentions sublimation, type ‘sub’ in this column

Comments Column 

Use this column to make additional comments.

25. Do you think that wood is a mixture of different things?  (Circle one)

          YES         NO

Please explain your ideas about what makes up wood.

Commentary

· The purpose of this question is to understand students’ conception of properties of materials. It is aimed to find out how students make distinction between mixtures and pure substances by applying the macro properties of the materials to their micro level structure. Particularly, we want to know whether students understand the chemical substances of wood. 

· The accepted answer at the middle or high school level is that wood is mixture because it has many components including water, cellulose, air, etc. We do not expect elementary students to understand the differences between mixtures and substances, however, we asked these students more as a matter of curiosity. We expect that elementary students do have some answers to these questions although they do not learn about mixtures until middle school.

· Other interesting answers:

· Students may have misunderstanding that wood is pure substance. They may not think wood is an element, but it is quite possible that they come up with the idea that wood is a compound. The critical issue is that if students can distinguish between homogeneous mixtures and compounds on the micro level – no chemical bonding between the components of the mixture. (e.g. Students may think peanut chocolate as mixture but see black chocolate as pure substance.)
· Some students may view wood as a pure substance because it is a solid. These students like see mixtures as combinations of two or more liquids or solids and liquids.
Rubric

This is a 2-part item that will use two rubrics depending on the response to the first part of the question. If the student answered ‘yes’ to part 1, then use to rubric 1 to code the explanation. If the students answered ‘no’ to part 1, then use rubric 2 to code the explanation

Rubric 1: Yes 

Use the rubric below to code the students’ responses if they answered Yes to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	The student can name several things that make up wood, such as water, cellulose, minerals etc
	There are many different minerals and proteins

	B
	Wood is made of plant cells or parts of cells
	Wood is made of plant cells and elements

	C
	Wood is made several things, but list only one thing
	Different kinds of minerals; wood is made of water

	D
	Tautological response; just repeat the questions, such as ‘wood is made of many things’ or ‘wood is made of many substances.’
	There are different things that help a tree grow

	E
	Macroscopic account of visible things that make up wood, such as insects, bugs, animals.
	Yes because there are bugs in it; there are animals in it;

	F
	Mention that it is made of several things because it is not an element
	It made of several things because it is not an element

	G
	It is made into multiple things, such as paper, books, furniture, trees, etc.
	

	O
	Other 

-stages of matter
	wood has solids, liquids and gases

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: No 

Use the rubric below to code the students’ responses if they answered No to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Wood is just wood
	Its just wood; Wood is just trees

	B
	There is no evidence that it is made of several things
	They haven’t found anything proving that it is fusion

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments

26. Do you think that a muscle cell is a mixture of different substances?  (Circle one)


YES         NO

Please explain your ideas about what makes up a muscle cell.

Commentary

· The purpose of this question is to understand students’ conception of properties of material in the area of biology. Particularly we are interested in understand how well students can connect the cellular organelles with their chemical components. Do students think that there are things in cells that are not chemical substances?

· The accepted answer is that muscle cells are a mixture of different substances that include different chemical substances included in the cells, such as water, minerals or elements or nutrients, fats, proteins, and carbohydrates.

· Other interesting answers:

· Students might see cells as a mixture of substances because the cells contain different parts, such as cell wall, nucleus, and other cell organelles. These students likely do not connect the cell organelles with their chemical components.

· Students might not see the muscle cells as a mixture because they do not understand that muscle cells are made of different organelles and different chemical substances. They view muscles as pure substances.

Rubric

This is a 2-part item that will use two rubrics depending on the response to the first part of the question. If the student answered ‘yes’ to part 1, then use to rubric 1 to code the explanation. If the students answered ‘no’ to part 1, then use rubric 2 to code the explanation

Rubric 1: Yes 

Use the rubric below to code the students’ responses if they answered Yes to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	It is made of H2O and protein
	It is made of protein and carbohydrates; It is made of elements, proteins, and nutrients

	B
	A mix of tissue
	It is made up of blood and muscle tissue

	C
	There are different parts to the cell
	The cell wall is different from what is inside

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: No 

Use the rubric below to code the students’ responses if they answered No to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	It’s pure muscle
	It is pure muscle

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments

27. When you open a bottle of soda, the soda starts to fizz. Does anything happen to the weight of the soda? (Circle One)  

       YES          NO

28. Explain your answer to the previous question. 

Commentary

· The purpose of this question is to find out students’ understanding of the conception of solution and the law of conservation of matter. With respect to the conception of solution, students need to understand that gas is soluble in water. This understanding will be necessary to connect the role of CO2 in the oceans. With respect to the law of conservation of matter, students need to understand that the total mass of a closed system retains constant and that gas has mass.

· The accepted answer to this question is that the weight of the soda will decrease. When you open the bottle, CO2 is released as there is less pressure. 

· Other interesting answers:

· Students may think that gas has no mass or a mass that is so little, that the release of fizz creates no change in the weight of soda. 

· Some students may think that there is a decrease in weight due to the liquid soda becoming a gas. These students may think that gases do not have mass, so as liquid changes to gas, the mass decreases. They may not realize that the gas does have mass, which is being released into the air.

Rubric

This is a 2-part item that will use two rubrics depending on the response to the first part of the question. If the student answered ‘yes’ to part 1, then use to rubric 1 to code the explanation. If the students answered ‘no’ to part 1, then use rubric 2 to code the explanation

Rubric 1: Yes 

Use the rubric below to code the students’ responses if they answered Yes to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Decreases due to CO2 being released
	Because of the carbon being exited

	B
	Decreases due to gases inside being released
	Gases trapped inside are released

	C
	Decreases in weight due to losing mass
	It losing mass

	D
	Decreases due to less pressure in the can
	Because the can is losing pressure inside it

	E
	Decreases due to liquid turning into gas/fizz; evaporation 
	Liquid is becoming a gas but not all the way

	F
	Decreases due to soda leaving can or the level of soda decreasing
	Some of the soda is leaving the bottle

	G
	Tautological response, such as ‘the weight changes’ or ‘the weight decreases’; no real explanation, just repeat the question.
	

	H
	Increases
	It increases

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Rubric 2: No 

Use the rubric below to code the students’ responses if they answered No to part 1. If the explanation does not match the codes, then categorize the response as ‘O’ for other. If there seems to be a pattern of ‘other’ responses, add a code to explain those responses. If the response seems to match 2 codes, use the higher of the codes. 

	CODE
	Explanation
	Example

	A
	Gas or fizz does not weigh anything; only the liquid has weight
	The fizz doesn’t weigh a whole lot

	B
	Gravity has no effect on gas/fizz
	Fizz is too light for gravity to have an effect on it

	C
	Tautological response, just say it is still the same amount
	It is still the same amount of pop

	D
	There is a chemical reaction, but it does not change the weight
	The fizz is the reaction of acid and oxygen

	O
	Other
	

	UI
	Unintelligible
	

	IDK
	I Don’t Know
	

	NR
	No Response
	


Comments Column 

Use this column to make additional comments

     Dry Ice
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