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Activity #1: Bag of Bones

Objective
Following this activity, the student will be able to
! Identify the effects of decreased bone mass (osteoporosis)
! Describe why healthy bones are important in space and on Earth

National Science Standards
Unifying Concepts and Processes in Science

! Evidence, models, and explanation
! Change, constancy, and measurement

Form and function

Science as Inquiry
! Abilities necessary to do scientific inquiry
! Understanding about scientific inquiry

Life Science
! Structure and function in living systems
! Diversity and adaptations of organisms

Science in Perspective
! Personal health

History and Nature of Science
! Nature of science

National Mathematics Standards
! Mathematics as problem solving
! Mathematics as reasoning
! Mathematical connections
! Computation and estimation

Materials Needed
! Corn puff cereal (approx. 4.5 oz. per group)
! Ziplock snack bags (6 5/8 inch x 3 ¼ inch) - 5 per group (larger bags hold

too much cereal to count in a reasonable amount of time)
! Permanent markers for labeling bags
! Heavy books (one per group)
! Student Activity Guide (one per student)
! Broom and dustpan (for clean-up)

Time Required
This activity may be spread out over a two- or three-day period.  You may
wish to use the first day for discussion and baggie preparation, and the
second and third days for experimentation, data collection, and discussion.
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Procedure
1. Begin with a discussion of osteoporosis.  Ask students if they know

anyone—grandparents, for example—who suffers from osteoporosis.  Do
they know what osteoporosis is?  Do they know what causes it?

2. Explain to students that astronauts experience a particular kind of
osteoporosis.  Describe the effects of microgravity on bone.

3. Tell the students that they are going to investigate bone loss and the
effects that it may have.  To do this, they will use baggies and cereal to
make their own “bones.”  Explain that each baggie will represent a bone,
and the cereal inside the bone will represent the calcium and cells that
make the bone strong.  Removing cereal from some of the bags will
simulate a bone that has lost some of its mass.

4. Distribute cereal, snack bags, and worksheets to students.  In order to
expedite the experiment, students should work in groups of four; the
group can work on Bag 1 together, and then each student is responsible
for one additional bag.

5. Students should follow the directions on the worksheet.  Note about cereal
smashing: some of the cereal has natural holes in it.  Explain to students
that they should examine the cereal before smashing it, so that they have a
reference point when counting unaffected pieces after the smashing step.
In addition, one student should be responsible for smashing all of the
bags, so that the amount of force will be the same on each bag.
Discuss what students should look for when they are counting “affected”
pieces of cereal.  Pieces that have dust (from other smashed pieces) or
only a tiny flake taken off should not be counted as “affected.”

6. After the students have completed the activity, bring the group back
together.  Ask each group to share their results with the class.  Discuss the
results and the follow-up questions.

7. If some groups’ results did not come out as expected (i.e., density did not
drop), discuss the possible reasons for this.  Answers may include
miscounting, uneven force applied when smashing bags, etc.  Can
students think of another way to test their hypotheses?

Extensions
1. Have students graph the data from their investigations to explore the

relationship between bone density and amount of damage.
2. Compare group outcomes to demonstrate that results always vary—and

are often unexpected.  Emphasize that science is often indefinite, but
always involves systematic study.

3. Investigate other risk factors for osteoporosis, including health, ethnicity,
age, etc.  Explore ways in which students can change their lifestyles now
so that they may avoid osteoporosis in the future.

Assessment
Student worksheets and classroom discussion may be used for assessment.
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Bag of Bones
Osteoporosis is a loss of bone mass.  It
makes bones weak and fragile, which can
make it very easy to fracture or break a
bone.  Low bone mass can be a problem
throughout a person’s life, but it may not be
until late in life that full-blown osteoporosis
develops.  In fact, many people do not
realize that they have osteoporosis until one
of their bones fractures after a minor slip or
fall.

Osteoporosis is a big problem in the world
today.  In the United States alone, two
million men and eight million women have osteoporosis, and another
eighteen million men and women are at risk for this disease.  It is not limited
to one group of people, either.  As many as 50% of Caucasian and Asian
women are at the highest risk.  More than ten percent of Hispanic and African-
American women also run the risk of osteoporosis.

Astronauts who spend more than a week in space also suffer from a form of
osteorporosis.  This type, called disuse osteoporosis, occurs when astronauts
do not use their bones in space in the same way that they do on Earth.  For
example, the bones used in standing and walking on Earth are not used
nearly as much in space, because astronauts spend much of their days
“floating” and propelling themselves with their arms.  By the end of their
mission, astronauts lose bone mass in their legs and hips, which leaves them
at risk for fracutures and breaks when they return to Earth’s gravity.  Although

astronauts eventually regain
most of their bone mass, they
may not fully recover.  It is
important, both for future
astronauts and for our health
here on Earth, that researchers
learn all that they can about why
osteoporosis occurs, and how
we can prevent it.

Using every-day bags and
cereal to represent bone, and a
heavy textbook to represent an

unexpected force (like a bump or a fall), you will see how low bone mass
affects bone, and why it is important that astronauts and people on Earth do
everything they can to prevent osteoporosis.
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Get Ready
! 5 snack bags
! Corn puff cereal
! A very heavy book (like a dictionary)
! A broom and dustpan (for clean-up)
! Permanent marker
! Pen or pencil

Think about it
! Why is it important to have strong, healthy bones?

! What will happen if your bones become weak?

Formulate your hypothesis
What do you think will happen to a bone (in this case, represented by your
baggie and cereal) if force is suddenly applied to it?  Will the results change if
the bone is progressively weakened?

Collect the data and test your hypothesis
1. Using a permanent marker, label the bags 1-5.

2. Bag 1 will represent a healthy bone on Earth.  To build a “bone” you will
use pieces of cereal to represent individual units of bone mass.  Fill the
bag with enough cereal so that the bag is very full and there is very little
air in it, but not so full that you cannot close it.  Keep track of how many
pieces of cereal you put into the bag, and record this on your worksheet as
Normal Bone Density.  Close the bag, and make sure it is closed tightly—
otherwise you may wind up with a very big mess!

3. To represent a bone that has lost mass as a result of spaceflight or aging,
you now need to fill each bag with less cereal, or bone mass, than is in Bag
1.
Bag 1: 0% bone loss (normal bone)
Bag 2: 90% of original bone remains; 10% original bone lost
Bag 3: 80% of original bone remains; 20% original bone lost
Bag 4: 65% of original bone remains; 35% original bone lost
Bag 5: 50% of original bone remains; 50% original bone lost
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To calculate the amount of cereal you need in Bag 2, you will need to
calculate 90% of Normal Bone Density.  Fill Bag 2 with this amount.  This
represents a loss of 10% of the bone mass.

4. Use a similar method to calculate 80%, 65%, and 50% of the Normal Bone
Density, and fill Bags 3, 4, and 5 with these amounts.  Record the amount of
bone left in each bag on your worksheet.

5. Now you are ready to see what effects a sudden force may have on
weakened bones.  Place Bag 1 on a hard surface.  Then, quickly and
carefully, but forcefully, smash the heavy book onto the bag.  Again using
the same amount of force, smash the remaining bags.

6. What happened to your bones?  Count the number of unaffected cereal
pieces left in each bag, and record this on your worksheet.

7. How much of the bone was unaffected?  To calculate this, use the formula
below and record your values on your worksheet.

#
unaffected
remaining
in the bag

÷ original
density of

x
the bag

100

8. How much of the bone was affected?  To calculate this, subtract the
Unaffected Bone value from 100%.  Record your values on your worksheet.
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Bag of Bones Worksheet

Normal Bone Density=__________ pieces of cereal in Bag 1
Density of Bone 2 = 90% of Bag 1 = ________ pieces of cereal
Density of Bone 3 = 80% of Bag 1 = ________ pieces of cereal
Density of Bone 4 = 65% of Bag 1 = ________ pieces of cereal
Density of Bone 5 = 50% of Bag 1 = ________ pieces of cereal

Before the Experiment After the Experiment

Bag
Bone Density # of unaffected % of % of bone
Loss (# of cereal pieces bone affected

Represented pieces in bag) unaffected
1 0%
2 10%
3 20%
4 35%
5 50%

Analyze the results
What happened as the amount of cereal decreased?

Now imagine that your baggie bone is actually a real bone.  If a real bone
were built like your baggie bone, what would happen if a sudden force (like a
bump or fall) were applied to the bone?

Do your findings support your hypothesis?  Why or why not?

How do you think we can prevent bone loss?
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