CHAPTER 42
CIRCULATION AND GAS EXCHANGE

I.
Student misconceptions

1.
The velocity of blood slows greatly as blood flows from arterioles into capillaries. This slow blood flow in the capillaries increases the efficiency of transfer of material between blood and tissues by providing more time for diffusion. Many students think that the blood slows because the narrow capillaries offer great resistance to blood flow. These students are not aware that the rate of fluid flow is determined by the total cross-sectional area of the vessels. In the circulatory system, the total cross-sectional area of the capillaries greatly exceeds the area of the wider vessels, allowing flow velocity in the capillaries to remain slow.

2.
Some students think of the three-chambered hearts of amphibians and most nonbird reptiles as inferior to the four-chambered hearts of mammals and birds. Students may consider the three-chambered heart to be a transitional stage in a progressive evolutionary sequence. 
3.
Remind students that insects do not transport oxygen or carbon dioxide in their blood.
4.
Students have a very simplistic view of low-density lipoprotein cholesterol and high-density lipoprotein cholesterol. They know that LDL cholesterol is “bad” and that HDL cholesterol is “good,” but they mistakenly think that lipoproteins are types of cholesterol, not recognizing that they are transporters of cholesterol.
II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 42

For each question, select all correct answers.

1.
The three-chambered hearts of amphibians and nonbird reptiles:

a.
Allow substantial separation of pulmonary and systemic circulation

b.
Are facultative, allowing variation in blood flow through the heart

c.
Are inferior to the four-chambered hearts of birds and mammals, limiting the evolutionary success of amphibians and nonbird reptiles

2.
Capillary beds:

a.
Are the site of nutrient and oxygen delivery to tissues

b.
Have a total cross-sectional area much smaller than the total cross-sectional area of major arteries

c.
Join arterioles and venules

3.
High-density lipoprotein:

a.
Is the “bad” form of cholesterol

b.
Is a cholesterol transporter in the blood

c.
Is the principal component of atherosclerotic plaques

III.
How can instructors address and correct the misconceptions that students have about circulation and gas exchange?

1.
Some students have the mistaken idea that the exchange of material between the blood and the tissues takes place by mass flow of materials from the blood. Emphasize to students that diffusion is the most important process accounting for this exchange, as nutrients and oxygen diffuse into the tissues along the full length of the capillary. The branching of the capillaries, their thin walls, and the slow flow of blood through the capillaries all serve to facilitate diffusion.

2.
Point out to students that the intermediate three-chambered heart evolved almost 400 million years ago. The extent of mixing of oxygen-rich and oxygen-poor blood in the circulatory systems of animals with three-chambered hearts varies considerably. Three-chambered hearts are facultative, rather than inferior, and are able to adjust blood flow depending on circumstances. Blood from the lungs may be diverted when the lungs are not the primary site of oxygen uptake: when the animal is submerged or when oxygen is taken up across gills or skin.

3.
As you teach students about LDL and HDL cholesterol, it is important to describe the lipoproteins as lipid/protein molecules and emphasize their function as lipid transporters.

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

1.
Your circulatory system is made up of few large vessels and a great many tiny capillaries. Explain why both are necessary.

2.
Expand each statement to provide a fuller and more accurate explanation:

a.
Reptiles have primitive three-chambered hearts that are not as efficient as the advanced four-chambered hearts of mammals and birds.

b.
High-density lipoprotein is “good” cholesterol; low-density lipoprotein is “bad” cholesterol.
V.
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