3 Chances Are..Wnderstanding Probability and Risk

Overview

The concept of probability, or chance, plays an important
role in risk assessment. In this activity, students will con-
duct a series of experiments, such as tossing coins, to
develop an understanding of probability. They will then
apply their knowledge of probability to a scenario about
the potential risk of using cellular phones.

BBackground

Almost nothing in life is 100 percent certain
because most events can be influenced by chance.
Still, we often try to predict the occurrence of
events, such as the weather or the outcome of an election or
sporting event, on the basis of observations and statistical calcu-
lations. A calculation of the possibility of a risk occurring is based
on probability. In other words, it is an estimate of what will
most likely happen as a result of exposure to a hazard. Probabili-
ty theory provides a framework for evaluating the reliability of
the conclusions reached and the inferences made when applying
statistical techniques to the collection, analysis, and interpretation
of quantitative data (Jardine and Hrudey 1997, B).

Probability can be characterized in three general ways (Jardine
and Hrudey 1997, B):

» Probability can be generated from actual (or observed) data.
For example, if we roll a pair of dice 1,000 times and record our
results, we can generate a probability estimate of getting a com-
bined value of 2, 3, 4, ..., or 12.

» Probability can be generated from experience and characterized
as frequencies. For example, an insurance company might
collect data on the frequency of occurrence of damages from a
flood and might generate a probability of expected losses from
this event. '

» Probability can be generated from expert judgment. For example,
a team of geologists who have been studying the accumulation
of strain along a particular fault line can use that data to give a
probability estimate (the likelihood) that there will be an earth-
quake in that area.

Ideally, risk assessments would be based on discrete events, such
as the toss of a pair of dice, for which we could determine all pos-
sible outcomes and the chances of each outcome occurring. The
reality of most risk assessments, however, is that they generate
estimates based on either frequencies or expert judgments. These
types of estimates involve a certain degree of inference because
there are limits to the amount of data available. Consequently,
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there is always the possibility that the actual
results will differ from the results predicted in a
risk estimate. This possibility of error, often
referred to as uncertainty, is always present in
risk assessment.

There are many sources of uncertainty in
risk assessment, from the study design, to the
collection of data, to the interpretation of the
results. For example, all experimental studies
are based on samples from larger populations,
commonly referred to as parent populations.
The use of samples is one way of introducing
uncertainty into a study’s results; any sample
will, by chance, differ at least a little from its
parent population. As the sample size increases,
the sample is less likely to differ from its par-
ent population. Therefore, the probability that
chance played a role in the study results is
smaller.

For information and a related activity on
characterizing uncertainty using p-values and
confidence intervals, please refer to the
Extension at the end of Part B of this activity.
In this extension activity, students will begin to
understand the role that probability and uncer-
tainty play in estimating environmental risk
and in understanding risk studies.

Pit A [l]

PROBABILITY AND TOSSING
A SINGLE COIN

GETTING READY
Have at least one coin available for each mem-
ber of the class.

DOING THE ACTIVITY

1. Ask students if they have ever taken a
chance. What kind of chances did they
take? How did they determine whether or
not the chance was worth taking?

2. On the chalkboard write a list of the topics
that will be discussed during the activity.
The list should include probability, chance,
uncertainty, sample size, predicted results,
and actual results. Do not, however, dis-
cuss those words at this point. As you go
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5.

through the activity and the students first
experience what the words mean, you can
more formally guide the students to define
the terms.

Ask the class the following question: “If
you tossed a coin 10 times, how many
heads and how many tails would you
expect to get?” Ask several students to
make a prediction. (Most high school stu-
dents will probably suggest five heads and
five tails.)

Ask for a volunteer to toss a coin 10
times. While one student flips the coin,
ask the other members of the class to
keep track of the number of heads
and the number of tails. Most likely,
this demonstration will not
result in five heads and five
tails. That being the case,
ask the students to suggest
why they got the results they
achieved.

Discuss with the class the difference
between “predicted” results and “actual”
results in an experiment. Emphasize that
the predicted probability of getting 50 per-
cent heads and 50 percent tails is based on
very large numbers of coin flips; the more
times we would flip the coin, the closer we
would come to getting the predicted
results. Then tell the class that they will
test the hypothesis that “the more times a
coin is flipped, the closer the result will
come to the predicted result of 50 percent
heads and 50 percent tails.”

NoTE:

You may want to point out that the number
of coin flips represents the sample size in
your experiment and that each coin flip is an
observation.

Ask each student in the class to flip a coin
10 times and to keep track of his or her
own results. After the students complete
this task, tabulate the entire class’s results.
Then discuss the following questions with
your students:
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How do these combined results compare
with the previous results of just 10 flips?

Was the combined result 50 percent heads
and 50 percent tails? If not, ask the class
members what they could do to further
test the hypothesis? (Someone will most
likely suggest flipping the coins more
times.) You could continue this activity by
having the members of the class each toss a
coin another 10 times and combine the
results again. At this point, you will most
likely end up with a result approaching 50
percent heads and 50 percent tails, depend-
ing on the size of your class.

Explain to the class that it is often difficult
to perform experiments with large sample
sizes because of economic, time, or resource
constraints. Scientists may use computer-
generated observations, when applicable, to
create large sample sizes. Such sampling is
often accomplished using the Monte Carlo
method. (For more information on this
method of generating observations and for
an activity to explain it, refer to Appendix 8.)

Pt A ()

PROBABILITY AND TOSSING
TWO COINS

GETTING READY

Make copies of the Student Page “Data Sheet for
Coin Toss Predictions” for each member of the
class. Optional: Make an overhead of the Stu-
dent Page “Tree Diagrams.”

DOING THE ACTIVITY

1.

2.

Ask the class to predict what would happen
if two students each flipped a coin—both at
the same time. How many heads or tails do
they predict would result? What is the
possibility of a mixed result (one head and
one tail)? Ask students how they arrived

at their predictions. Explore this thought
process with several students before going
on to the next step.

Ask the class members to predict how
many heads, tails, and mixed results they
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would get if two students simultaneously
flipped the coins 20 times. Record their pre-
dictions on the chalkboard.

Organize the class into pairs, and have each
pair flip two coins simultaneously, record-
ing the results for two heads, two tails, and
mixed (one head and one tail) for 20 trials.
Have each pair share the tally, and ask if
anyone was surprised by the results.
Encourage the students to explain the dif-
ference between what was expected (or pre-
dicted) and what actually occurred.

Explore the predictions and the results with
the class. More than likely, most members
of the class will have expected an approxi-
mately even distribution among the three
categories and will probably be surprised
when they find that the mixed result will
actually occur far more often than heads or
tails. It might not be so obvious to the class
that the mixed category actually contains
two separate outcomes: head-tail and tail-
head. The following diagram technique—
known as a tree diagram-—will help the
students visualize what theoretically hap-
pens. Introducing the tree diagram here will
also be useful when you do Activity 4,
“Risk Assessment: Tools of the Trade,”
which discusses how event trees and fault
trees are used as risk assessment tools.

Use Figure 3 to explain that there were
actually twice as many chances for a mixed
result as there were for either a two-heads
or a two-tails result.

Figure 3. Tree Diagram

COIN A COIN B
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