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NUMB3RS Activity: A Mathematics Sampler
Episode: “Calculated Risk”

Topic: Conditional Probability: sampling without replacement Grade Level: 6 -9
Objective: Understand how probabilities for an event may change depending on previous
events.

Time: 10 - 15 minutes

Introduction
Students are probably familiar with finding the probability of simple events. For example,
if you have a jar of 4 marbles, 2 yellow, 1 green, and 1 red, the probability of choosing a

red marble is % =25%.

If a second marble is drawn and you want to know the probability of choosing the yellow
marble, the probability depends on whether or not the first red marble has been
replaced. If the red marble has been replaced, the probability of choosing a yellow is

%: 50% . If the first marble is not replaced, then the probability of choosing a yellow

marble changes to %z 66.7% . Sampling with replacement will make each subsequent

event independent of all others. Sampling without replacement will make each
subsequent event dependent on the previous events.

Sampling with and without replacements is used everyday. For example, scientists take
samples of animal populations and monitor their health through tagging. Whether to “put
back” or replace an identified sick animal in an existing study would yield a different
result than if they removed that animal from the sample. Whether the animal is returned
to the entire population or not will affect the probability, but its effect diminishes as the
size of the population increases.

Discuss with Students

Review with students the definition of probability and the fact that the probability of an
event, denoted P(E), must be o0 < P(E) <1. For example, the probability of 0 means an
event cannot happen, while a probability of 1 means that it is certain to happen. Ask
students to give examples where the probability is O or impossible, 1 or certain, likely, or
unlikely. Then pose the questions, “Will there ever be a time where the probability of an
event is dependent on the probability of another event? And under what conditions will
this happen?”

NUMB3RS Example In “Calculated Risk,” Charlie has a jar full of different colored
gumballs. When Agent Colby Granger takes one of the gumballs, Charlie asks him the
color. By knowing how many of each gumball the jar started with and by keeping track of
the color of the gumballs as they are removed, Charlie can determine the chances of
removing different colored gumballs in the future.

Student Page Answers: 1. % =20% 2. % ~16.7% 3.0 4.ltis more likely that you will not

draw exactly one of each color. Explanations will vary 5. Answers vary. The theoretical
probability is approximately .028 or 2.8%. We did 1000 trials of a simulation and had 30 with
exactly one of each color gumball. 6. 24. 7. Answers will vary.
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NUMB3RS Activity: A Mathematics Sampler
The probability of drawing a certain color gumball from a jar can be shown as:

number of that color of gumballs
total number of gumballs

For example, if Charlie’s jar has 10 red, 5 yellow, 5 blue, 2 green, and 3 orange
gumballs, the probability of choosing a red one is the number of red gumballs,

10, divided by the total number of gumballs, 25, or %:40%. If the chosen
gumball is replaced with another red one, then the probability of drawing a red
gumball will be the same for the next person. However, since gumballs are

usually not replaced, the situation will be different the next time. If a red gumball
is removed and not replaced, there are now only 9 red gumballs and 24 total

gumballs so the probability of choosing a second red one would be2—94:37.5%.

For questions 1-6, use the information given in the example above.

1. What is the probability of randomly selecting a blue gumball?

2. Suppose you draw a blue gumball out of the jar and eat it. What is the
probability of selecting another gumball that is blue?

3. Suppose Charlie draws a green gumball out of the original jar of 25 gumballs
and then Colby draws a green gumball from the remaining 24 gumballs. What
is the probability of selecting another green gumball?

4. Suppose you draw five gumballs from the jar without replacement. Is it more
likely that you will draw exactly one marble of each color or is it more likely
that you will not draw exactly one of each color? Explain your reasoning.

5. Use the Probability Simulation Application on a Tl calculator, or design your
own simulation, and simulate several draws of 5 gumballs without
replacement. Based on your experimental results, what is the probability of
drawing exactly one of each color when you draw 5 gumballs without
replacement?
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If you randomly drew gumballs out of the jar without replacement, what is the
minimum number you must draw to guarantee that you would have one of

each color?

6.

7. Give another real-life example of sampling without replacement. Give a brief
explanation to justify your answer.
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The goal of this activity is to give your students a short and simple snapshot into a very
extensive math topic. Tl and NCTM encourage you and your students to learn more about this
topic using the extensions provided below and through your own independent research.

Extensions

Activity: Sampling Simulations on Your Tl Calculator

The Probability Simulation Application for the Texas Instrument family of calculators can
be used to demonstrate these concepts. Samples can be taken with and without
replacement and students can even produce graphs of the samples.
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This application, and many others, are preloaded on many models and can be
downloaded for free at the Tl website: education.ti.com/apps

Activity: Sampling Reality

For the Student

¢ Many companies use sampling to draw conclusions when it's impossible (or
expensive) to collect lots of data. For example, the Nielsen ratings for TV shows use
this technique. Research how companies are able to sample relatively small groups
to draw conclusions about their customer population. Compare this to a very large jar
with millions of gumballs. What could taking a small random sample of gumballs tell
you about all the entire jar of gumballs?

e Search on the Internet and read about how companies use sampling to learn about
their customers. Gallup and Zogby are major polling companies that conduct political
and opinion surveys. Estimate how many people you think they survey for national
polls. Check this against what you find when you research the companies. Describe
the meaning of a survey’s margin of error

e There are many sites on the Internet that use M&M'’s to predict the proportion of
each color that the Mars Company actually makes. Find one of these activities and
try it.

Additional Resources

http://www.ma.utexas.edu/users/parker/sampling/repl.htm
A lesson on sampling with and without replacement using pairs of potatoes.

http://www.shodor.org/interactivate/lessons/replace.html
A lesson on sampling for a class using marbles.

http://illuminations.nctm.org/swr/review.asp? SWR=1571
This activity makes extensive use of group work to explore the critical importance of
sampling in getting accurate results in polls.
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