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e wanted to develop educational materials appropriate for the high school

student which would present physiological concepts in an innovative way.

The impetus was in response to the lack of physiology educational materials
appropriate for the high school level. To this end, we developed an exercise that
presents the physiological basis for respiratory mechanics. The materials were designed
to engage students in interactive learning and to stimulate interest for future science
study. The emphasis of the exercise was the construction of a model that could be built
by high school students to demonstrate respiratory mechanics. The use of models to
present complex materials has been shown to be an effective medium for science
learning. Our exercise contains directions for an inexpensive, easy-to-build model, as well
as many supplemental teaching tools. Questions are interspersed throughout the text
and at the end of the laboratory experience to facilitate the learning process. Answers are
provided to the questions. Students and teachers alike are challenged to build,
manipulate, and discuss their experience during the investigation of respiratory

mechanics.
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The teaching of physiology is often overlooked in high
school curricula. Some of this is due, in part, to the
lack of appropriate educational materials for high
school students. Many physiology texts and laboratory
experiments are written for the college level. Most of
today’s physiological experiments require expensive
laboratory equipment, are too complex, and are
generally not appropriate for the high school student.
Because of these factors, presentation of basic physi-
ological concepts is often omitted. These limitations
challenge physiologists to develop appropriate educa-
tional materials that present physiology in an innova-
tive and effective way.

Our goal was to develop a physiologically sound,
inexpensive model that demonstrates the basic con-
cepts of pulmonary mechanics (8). Although existing

models can be purchased at high cost, our model was
constructed with economical materials readily avail-
able through scientific catalogs.!

Our rationale for using a model was because “evi-
dence suggests that with the use of activity-based
science programs, teachers can expect substantially-
improved performances in science processes” (3). In
the scientific world, models are frequently used to
explain complex ideas. Models have been shown to
change the focus and organization of scientific think-
ing (6). As a departure from the traditional data-
proven hypothesis testing, models encourage logic,

1 The cost of the models was based on purchasing enough
supplies to make 10 models with supplies ordered from the
VWR Scientific Catalog. The cost per one model came to an
estimated $8.00.
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reasoning, and creativity (7). Concrete models also
relate the unknown with the familiar and provide a
new perspective on information gathering.

When faced with the unknown, the tendency is to
revert to the most basic stage of thinking: Piaget’s
sensorimotor stage. The use of concrete models al-
fows a seetouch interaction to supplement new
information processing. Having a model that students
can actively manipulate ensures thinking on the most
basic sensorimotor level. Such sensory stimulation in
learning is an integral part of information processing
(5). Further information can then be integrated with
higher levels of Piaget’s stages of meaningful learning.

Active participation with models reaches all types of
learners in the visual, auditory, kinesthetic, and tactile
scheme of learners. Building and manipulation of the
models satisfy the kinesthetic and tactile learners.
Teacher presentation and discussion during the labora-
tory exercise reach the auditory learners, whereas the
supplied text and instructions enhance visual learning
experiences. Once the information has been gathered
by these different types of learners, all types converge
during the questioning and reflecting period of learn-
ing.

The use of models is also supported by constructiv-
ism, as defined by Tobin (9). Although models are an
invaluable tool of education, models are not the sole
magical solution to material presentation. ‘“We would
be also misled if we said that constructivism advocates
the so called ‘hands-on-science.” The important part is
not that students manipulate things physically but that
they do it for a purpose and engage in discussion
about it” (9).

Our exercise not only provides an easy-to-build model
demonstrating respiratory mechanics (8), it also comes
with supplemental teaching tools. In addition to the
construction of the model, the supportive text con-
tains discussion questions, photographs of the model
under construction, organizational maps, and instruc-
tive background information on the physiology re-
lated to the respiratory system.

Within the text are questions for the students to
answer to mentally focus the thinking process. Ques-

tions are designed in a set, so that the first few
questions in the set review comprehension of the
previous paragraphs. The last question in a set pro-
vokes thought on the subsequent passages. At the end
of the exercise, there are questions for discussion and
integration of the entire learning experience.

LABORATORY EXERCISE

Questions are inserted within the text to help focus
thinking and test comprehension of the material.
Questions marked with arrows are comprehension
questions that are used to review previous passages.
Questions marked with asterisks provoke thinking on
subsequent passages.

Figure 1 presents a concept map that organizes the
basic concepts of the text material.

Background

Although breathing is only one component of the
respiratory system, it is what first comes to mind
when we talk about respiration. Breathing involves
exchanging the air in our lungs with air in the
environment. This is necessary for our bodies to
maintain the appropriate levels of oxygen (O, and
carbon dioxide (CO,) needed for life.

Moving air into and out of our lungs changes the
volume of our lungs in three dimensions. When we
inhale or breathe in, our lungs increase in volume.
When we exhale or breathe out, our lungs decrease
in volume until they reach their resting or equilib-
rium position. Such volume changes are caused by
changes in pressures. Inhalation is also known as
inspiration, and exhalation is also known as expira-
tion.

I) —What happens to lung volume when you inhale?
When you exhale?

2) *How does air move, and what pressures of the
body are involved?

Units of measurement for pressure are millimeters of
mercury (mmHg) and centimeters of water (cmH,0),
where 1 cmH,0 = 1.3 mmHg. Some of the pressures
involved in breathing are presented in Table 1.
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BREATHING
Boyle's Law
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-an inverse relationship
between pressure and
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-mouth and nose
-larynx, trachea, bronchi
-lungs containing alveoli
-chest wall
-muscles of respiration
- accessory muscles of
respiration
-diaphragm

FIG. 1.
Concept map that organizes basic concepts of text material.

Resting pressures are pressures before any breathing
occurs. Because atmospheric and alveolar pressures
are equal at rest, we can set them both at 0 cmH,O.
So, any subsequent changes in pressure will be
described relative to atmospheric pressure, 760
mmHg, as 0 cmH,0.

TABLE 1
List of respiratory pressures at rest

Pressures Description Value
Atmospheric Pressure of the At sea level, it is 760
air in the environment  mmHg
Alveolar Pressure inside lung Resting=760 mmHg

Pleural Measure of pressure in
the thoracic cavity
that is determined by
measuring pressure
between 2 pleural
membranes

Resting=755 mmHg
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The actual movement of air from the environment
into our respiratory systems follows a pressure gradi-
ent. Air is made of 21% O,, 0.03% CO,, 79% nitrogen,
water vapor (H,0), and other gases. The gases in air
flow from regions of high pressures to areas of
low pressures.

3) —Describe the three pressures involved in breath-
ing. '

4) *How does air get into the lungs?

Basic Concepts of the Respiratory System

The structures of the respiratory system are in direct
contact with the environment through the nose and
mouth. At rest, the pressure in the lungs (alveolar
pressure) is equal to the atmospheric pressure (760
mmHg or 0 cmH,0). Because air moves from areas of
high pressures to areas of low pressures, air flows
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into the lungs when the atmospheric pressure is
higher than the alveolar pressure. When the
alveolar pressure is less than atmospheric pressure, it
is called subatmospheric.

Encasing and protecting the lungs is the rib cage. The
rib cage is part of the chest wall. The chest wall has a
natural tendency to expand. If no other muscles or
bones were connected to the chest wall, it would tend
to get larger in volume.

Between the chest wall and the lungs is a fluid-filled
pleural space. It is a completely sealed sac surround-
ing the lungs. Although this fluid-filled pleural space is
a very thin space, it is very important for breathing. At
resting or equilibrium position, pleural pressure (the
pressure within the pleural space) is —6.5 cmH,O.
Pleural pressure is a measure of the pressure within
the thoracic cavity. The thoracic cavity is the space
in which the lungs and heart are located.

Lungs contain structures called alveoli. Gas exchange
occurs in the alveoli. The lungs themselves are soft
organs with elasticity, much like a balloon. They
expand during inhalation. The balloon expands when
air enters it, too. A balloon has a tendency to collapse.
This tendency for collapse in the lung is called elastic
recoil. Because of elastic recoil, the lung tends to
collapse. Elastic recoil makes exhalation a passive
process.

The chest wall wants to expand. The lungs want to
collapse. This tug-of-war between the chest wall and
the lungs creates a negative pressure in the pleural
space. This is why the pleural pressure, at rest, is —6.5
cmH,0. The tug-of-war reaches its balancing point at
—6.5 cmH,0. Reaching the balancing point of the
tug-of-war prevents the chest wall from expanding
any further and prevents the lungs from collapsing any
further.

Also important for breathing are the muscles of
respiration. The most important muscle of respira-
tion is the diaphragm. It moves down to enlarge the
thoracic cavity during inspiration. It does the oppo-
site during expiration. The diaphragm moves back up
during expiration. There also are accessory muscles
of respiration. These muscles are attached to the
ribs and the clavicle (collarbone). These muscles
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move the chest wall. All of the muscles of respiration
assist in increasing lung volume and generating a
subatmospheric pressure in the alveoli within the
lungs, which allows air to move in during inspiration.

An illustration showing the anatomic structures of the
respiratory system is presented in Fig. 2. To correlate
the body’s respiratory structures with the model we
are presenting, see Fig. 3.

5) —Which way does the diaphragm move during
inhalation? During exhalation?

6) —What is elastic recoil of the lung?

7) —What is the tendency of the chest wall move-
ment?

&) *How are pressure and volume related?

Respiratory Mechanics

So far, changes in lung volume and pressure during
breathing have been presented. For air to enter the
respiratory system, alveolar pressure must be subatmo-
spheric (<760 mmHg). Inspiration is an active pro-
cess that requires the muscles of respiration. The most
important muscle of respiration is the diaphragm. In
contrast to inspiration, exhalation is a passive process.
Exhalation involves elastic recoil of the lung, or the
lung’s desire to return to its equilibrium position, like
a balloon.

A scientific law important to pressure-volume changes
is Boyle’s Law. Boyle’s Law states that, when the
volume of a gas changes, its pressure also changes (if
temperature is constant). The relationship between
pressure and volume is an inverse one. This means
that, if volume goes up, pressure goes down. If
volume goes down, pressure goes up. Boyle’s Law is
represented as P,V; = P,V,.

In Boyle’s Law, P, represents the pressure in one
situation, and V, represents the volume in that same
situation. P, represents the changed pressure in the
second situation, and V, represents the changed
volume in the second situation.

9) —Which part of breathing is an active process?
Does it require the muscles of respiration?
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