Grandma Johnson Diagnostic Question Cluster 

“Grandma Johnson” (Ebert-May et al. 2003) is an excellent multiple process question for diagnosing student reasoning about various dynamics in the carbon cycle. Students must trace carbon from organic sources in Grandma Johnson, through cellular respiration by decomposers and into the atmosphere as carbon dioxide, into plants via photosynthesis and biosynthesis, to herbivores via digestion and biosynthesis that eat the plants and finally to the coyote, which consumes an herbivore. The question specifically asks about multiple organisms, making it an ecosystem level question, but knowledge of organismal and molecular scale processes is required to understand the true pathway that carbon atoms take from Grandma Johnson to the coyote. Questions 2-6 are designed to further diagnose and interpret student reasoning about specific processes in the carbon cycle, which must be properly applied to correctly answer the multiple process, Grandma Johnson question.
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Grandma Johnson Diagnostic Question Cluster

Student Number or Initials ____________________
Please answer the questions below as carefully and completely as you can.
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1. Grandma Johnson had very sentimental feelings toward Johnson Canyon, Utah, where she and her late husband had honeymooned long ago. Because of these feelings, when she died she requested to be buried under a creosote bush in the canyon. Describe below the path of a carbon atom from Grandma Johnson’s remains, to inside the leg muscle of a coyote. Be as detailed as you can be about the various molecular forms that the carbon atom might be in as it travels from Grandma Johnson to the coyote. NOTE: The coyote does not dig up and consume any part of Grandma Johnson’s remains.

2. A loaf of bread was left uncovered for two weeks on a balance measuring its mass. Three different kinds of mold grew on it, decomposing the bread. Assuming that the bread did not dry out, which of the following is a reasonable prediction of the weight of the bread and mold together?

A) The mass has increased, because the mold has grown.

B) The mass remains the same as the mold converts bread into biomass.

C) The mass decreases as the growing mold converts bread into energy.

D) The mass decreases as the mold converts bread into biomass and gases.

Please explain your answer and indicate any important transformations.

3. A mature maple tree can have a mass of 1 ton or more (dry biomass, after removing the water), yet it starts from a seed that weighs less than 1 gram. Which of the following processes contributes the most to this huge increase in biomass? Circle the correct answer.

A)  absorption of mineral substances from the soil via the roots

B) absorption of organic substances from the soil via the roots

C) incorporation of CO2 gas from the atmosphere into molecules by green leaves

D) incorporation of H2O from the soil into molecules by green leaves

E) absorption of solar radiation into the leaf

4. Once carbon enters a plant, it can …

A) exit the plant as CO2. Circle True or False

Explain
B) become part of the plant cell walls, protein and fat. Circle True or False
Explain

C) be consumed by an insect feeding on the plant and become part of the insect’s body.  Circle True or False

Explain


D) be turned into energy for plant growth. Circle True or False


Explain

5. Coyotes are primarily carnivores. Their bodies include many substances, including proteins in all their cells.  What percent of the carbon atoms in a coyote’s body were once in the following substances and locations? Fill in the blanks with the appropriate percentages; you may use 0% in your response if you feel it is appropriate. The percentages will add up more than to 100% if you think that the same carbon atoms could have gone through two or more of these places on their way to the coyote.
____% from CO2 that was used by plants for photosynthesis

____% from animals that the coyote ate
____% from CO2 that the coyotes inhaled

____% from O2 that the coyotes inhaled
____% from water that the coyotes drank (not including substances in the water)
____% from soil nutrients that plants absorbed while growing

Please explain your answer.
6. A potato is left outside and gradually decays.  One of the main substances in the potato is the starch amylose ((C6H10O5)n). What happens to the atoms in amylose molecules as the potato decays?  Choose True (T) or False (F) for each option.
T  F  Some of the atoms are converted into nitrogen and phosphorous: soil nutrients.

T  F  Some of the atoms are used up by decomposers and disappear.

T  F  Some of the atoms are incorporated into carbon dioxide.

T  F  Some of the atoms are turned into energy by decomposers. 

T  F  Some of the atoms are incorporated into water.
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