CHAPTER 7 

MEMBRANE STUCTURE AND FUNCTION

I.
Student misconceptions

1.
The majority of students does not appreciate or even understand that diffusion is a vitally important biological process only over very small distances. Diffusion plays a key role in the movement of molecules across plasma membranes, which are only 8 nm thick. Diffusion is insignificant in the movement of molecules at macroscopic scales.

2.
Some students are confused about the random movements of molecules that lead to diffusion and osmosis across biological membranes. Watch for some of these common misconceptions:

a.
Osmosis and diffusion are fundamentally different processes.

b.
Osmotic equilibrium cannot be reached unless solute concentrations equalize across the membrane. 
c.
Water molecules cease movement at osmotic equilibrium.

d.
Diffusion and osmosis do not occur across nonliving membranes. 

e.
The rate of osmosis is constant and does not vary with a difference in solute concentrations between two solutions separated by a selectively permeable membrane.

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 7

1.
Which molecular movements are due to diffusion or osmosis?

a.
Ten minutes after a perfume bottle is dropped in a room, a person can smell the scent in the opposite corner of the room.

b.
Oxygen moves from an alveolus into a capillary within the lung.

c.
When a plant cell is placed in salt water, water moves out of the central vacuole of the cell.

d.
When a cell is placed in a solution that is hypotonic to the cell contents, water moves into the cell through an aquaporin channel.

2.
Identify each statement as TRUE or FALSE.

a.
If a dead cell is placed in a solution hypotonic to the cell contents, osmosis will not occur. False
 

b.
When two solutions separated by a selectively permeable membrane reach osmotic equilibrium, water molecules no longer move between the solutions. False
c.
The rate of osmosis increases with increasing differences in solute concentrations between two solutions separated by a selectively permeable membrane. True
d.
Osmosis is due to diffusion of water molecules across a selectively permeable membrane. True
e.
Hydrostatic pressure applied to a hypertonic solution separated from a hypotonic solution by a selectively permeable membrane opposes osmotic movement across the membrane. True
III.
How can instructors address and correct the misconceptions that students have about membrane structure and function?

1.
Students imagine that diffusion explains the spread of molecules of dye in a beaker of water or the movement of molecules of scent in a room. Such demonstrations illustrate convection, not diffusion. It is important to keep this distinction in mind in selecting examples and planning classroom demonstrations of diffusion. Emphasize to students that diffusion is an effective and important process for transport of molecules over small distances but is completely irrelevant at macroscopic scales. 
2.
Insist that students use the terms hypertonic, hypotonic, and isotonic only in comparing two solutions. Referring to a lone solution by one of these terms reflects a fundamental misunderstanding of the important concept of tonicity.

3.
The terms hypertonic’ and hypotonic can be used to describe differences in solute concentration between two solutions, but they do not explain the osmotic movement of water molecules between the solutions. Make sure you explain osmosis with reference to free-energy differences between water molecules in hypotonic and hypertonic solutions.

4.
To assess students’ conceptual understanding of diffusion and osmosis, consider using the Diffusion and Osmotic Diagnostic Test, or DODT (Odom and Barrow, 1995). This test consists of 12 pairs of questions. The first question of each pair tests the student’s content knowledge. The second question gives four reasons for the student’s choice, three based on common misconceptions and one scientifically correct answer.

IV.
Post-test to identify whether students have corrected their misconceptions

Identify each statement as CORRECT or INCORRECT. Change each incorrect statement to a correct one.
1.
Osmosis can take place if a dead cell is placed in a solution hypotonic to the cell contents. Correct 

2.
Water movement into a cell through aquaporin channels requires energy investment by the cell.

Incorrect – Water moves into a cell through aquaporin channels by diffusion, which does not require energy investment by the cell.

3.
A solution of distilled water is hypotonic.

Incorrect – A solution of distilled water is hypotonic to water containing solute molecules.

4.
Diffusion is due to random movements of molecules. Correct 
V.
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