
CHAPTER 10

PHOTOSYNTHESIS

I.
Student misconceptions

1.
Some student misunderstandings about the relationship between photosynthesis and respiration may be quite entrenched and thus difficult to correct. 

a.
Some students hold a persistent notion of photosynthesis as a form of inverse respiration. These students think of photosynthesis primarily in term of gas exchange in which plants absorb carbon dioxide and expel oxygen. They do not fully appreciate the role of carbon dioxide in the production of organic molecules. 
b.
Students may think that respiration occurs only in green plants when there is no light energy for photosynthesis. 

2.
Many students have memorized the details of the light reactions and the Calvin cycle but do not understand the significance of these reactions. These students do not link their rote knowledge of photosynthesis to other aspects of plant functioning. 

3.
A small but significant percentage of first-year students think that plants are producers because they produce oxygen.

4.
Many students show some confusion about the role of carbon dioxide. These students can provide explanations about the fixation of carbon during the Calvin cycle. When asked to identify the source of increased mass during plant growth, however, fully half do not mention carbon dioxide.  Students appear to be reluctant to fully accept that a gas can be a significant source of atoms for plant growth. 
5.
Students may state that plants and other photosynthetic organisms are important producers of carbohydrates in ecosystems. A number of students do not realize that photosynthetic organisms also provide consumers with essential amino acids and fatty acids and that they are a major source of protein and lipids for consumers. 
6.
Students may not fully understand the role of water in photosynthesis. They may not appreciate the crucial need for a source of electrons to reduce oxidized chlorophyll a molecules, and they do not realize that water acts as an electron donor.
II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 10

1.
An acorn grows into an oak tree. The main source of the additional mass present in the oak tree is:

a.
Water from the soil

b.
Minerals from the soil

c.
CO2 from the air


2.
Which statement(s) accurately describes the function of a metabolic pathway? 

a.
Linear electron flow fixes CO2 into sugar.

b.
The Calvin cycle is a cyclic set of reactions in which CO2 is reduced to sugar, with energy from ATP and electrons from NADPH. 

c.
Chemiosmosis transforms redox energy to a proton-motive force in the form of an H+ gradient across the membrane.

III.
How can instructors address and correct the misconceptions that students have about photosynthesis?

1.
Avoid the terms light-independent reactions and dark reactions in discussing the Calvin cycle. The reactions of the Calvin cycle do not function in the dark. Short-lived products from the light reactions are required by the Calvin cycle, and several of the enzymes of the cycle are inactive or greatly reduced in activity in the dark. Students have likely heard these terms in earlier biology courses, so it is wise to explain why they are inaccurate.

2.
Students unhesitatingly identify glucose as the product of photosynthesis. In fact, the intermediate produced by the Calvin cycle is G3P (glyceraldehyde-3-phosphate). Starch and sucrose are the primary carbohydrates synthesized from G3P. Very little free glucose is produced by or transported from photosynthetic cells. It is important to emphasize this point and to clarify that we discuss glucose as the product of photosynthesis primarily for convenience. 
IV.
Post-test to identify whether students have corrected their misconceptions

1.
In one or two sentences, describe the essential role(s) of each of the following processes involved in energy transformations in cells. Include in your answer the major products of each process.

a.
Linear electron flow

b.
Calvin cycle
c.
Photorespiration (Describe a possible role for this process.)

2.
Clearly explain the role of water in photosynthesis.
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