Simulation Models

Examples of Tasks from Course 1, Unit 7

What Solutions are Available?
Lesson 1: page 491, Modeling Task 2; page 492, Modeling Task 3; page 494, Organizing Task 3; page 495, Reflecting Task 2

Lesson 2: page 507, Modeling Task 2; page 507, Modeling Task 3
Lesson 3: page 520, Modeling Task 2; page 521, Modeling Task 4; page 524, Reflecting Task 4; page 525, Extending Task 2
These tasks are selected with the intent of presenting key ideas and skills. Not every answer is complete, so that teachers can still

assign these questions and expect students to finish the tasks. If you are working with your student on homework, please use these
solutions with the intention of increasing your child’s understanding and independence.

As you read these selected homework tasks and solutions, you will notice that some very sophisticated communication skills are
expected. Students develop these over time. This is the standard for which to strive. See Research on Communication.

The Statistics page or the Scope and Sequence might help you follow the conceptual development of the ideas you see in these
examples.

Main Mathematical Goals for Unit 7
Upon completion of this unit, students should be able to:

» design and carry out simulations to estimate answers to questions about probability
* use tables of random digits to perform simulations

» understand the Law of Large Numbers as it applies to the relationship between experimental probability and theoretical
probability (Theoretical probabilities are developed in Course 2 Unit 7.)

» understand the concept of a probability distribution
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Selected Homework Tasks and Expected Solutions

(These solutions are for problems in the book with 2003 copyright. If a student is using a book with an earlier copyright, you may notice that the problems don’t match exactly,
although the intent of the problems should be the same.)

Lesson 1, page 491, Modeling Task 2

a.

C.

If Jeffrey answers at random, the chance he is correct is 50%.

In this case, a coin flip is a simple way to model the probability. Let Head stand for
Correct, and Tail stand for Wrong. A trial should mimic the taking of the test, so would be
comprised of 10 flips of the coin. Record the number correct in the trial. This will let you
answer Parts d and e which ask about the number of correct questions.

The frequency table should look something like this one:

Number of
Correct Answers Frequency
0 0
1 0
2 3
3 5

50

The description should include the shape, center, and spread of the data. (For a very large
number of trials the histogram would be symmetric, but for only 50 trials it may not be.)

Jeffrey has a 50% chance of getting any one question correct, so you would expect him to
get 5 questions correct theoretically. However, from a simulation the estimate will not
necessarily be exactly 5. To find the average number correct from the frequency chart,
students can make a third column.

Number of
Correct Answers Frequency Number Correct - Frequency

0 0 0

1 0 0

2 3 2 questions correct on each of 3 trials makes 6 correct answers.

3 5 15

etc.

50 Total correct
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They would then divide the total number of correct answers by 50 to get the average number The answer to Part d seems obvious
correct per trial. Instead of the manual procedure above, students can enter the frequency to some students. Others need to see
table into Lists 1 and 2 in their calculators, and ask for mean(L1,L2). the simulation.

e. From the frequency chart, you can estimate how many trials will turn out to have 7 or more
correct. For example, if there are 8 trials out of 50 that have 7 or more correct answers, then

the probability of getting 70% or better is % or 16%.

Lesson 1, page 492, Modeling Task 3

a. The fewest number of games would be 4, the greatest number would be 7. Modeling Tasks 2 and 3 and many
others in this unit are binomial
settings. Binomial distributions are

investigated in more detail in
Course 4 Unit 5.

b. Since the teams are evenly matched you need a device to simulate a probability of 0.5 that
Team A wins and a probability of 0.5 that Team B wins. There are many choices such as, a
coin, die (where even represents Team A and odd represents Team B), spinner, or two chips
of different colors in a bag. Flip the coin until 4 heads or 4 tails have appeared. A trial must
mimic a series, so it may be as short as 4 flips of a coin, or as long as 7 flips of a coin.

Record the length of the trial, not who won, because all the questions ask about length of the The value of simulation is that it

can be adapted to fit many different

series. o .
situations. So if the teams are not
Responses will depend on the simulation results. evenly matched, you need only
d. The histogram will be skewed left. adjust the device to imitate the

actual probability that Team A will

e. The estimated probability that the series will go to 7 games is : .
win any particular game.

number of trials that required 7 flips of the coin
total number of trials

. For the incomplete results in the table, the

estimated probability is % ~0.347.
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Lesson 1, page 494, Organizing Task 3
a. Making a chart helps to clarify this. The mean is G009+ A0S = 33 5 gtudents per class.

100
Class size Frequency
30 95
100 5

b. If the students are asked to report their class size then the frequency column will reflect all
these student reports. Since 95 classes have 30 students there are 2,850 who will report their

class size as 30. The mean reported would now be (30)2.850) + AOOGYO) ~ 40 45 students.

3,350
Class size Frequency
30 2,850
100 500
c. Part ais like Activity 2, Part d. Each asks about size from the point of view of the class or This question is referring to
family. Part b is like Activity 2, Part f. Each asks about size from the point of view of an Activity 2 on page 486 in the
individual in the class or family. student book.
Lesson 1, page 495, Reflecting Task 2 The concept of independence of
a. The probability that you will get heads on the fifth toss is one half. The coin does not trials is very important to the
“remember” the previous results and try to compensate for these. development of theoretical

probabilities in Course 2 Unit 7,

b. The probability will be 5 as long as the births are independent. To find out if there is and to the study of binomial settings

actually a probability different from % for families with 4 boys already you would have to  in Course 4 Unit 5.

conduct research on families like this. Find a large number of families that already had
4 boys and then record the gender of the next child. This would give you an estimate of the
probability of a boy for the fifth child for a family that already has four boys.
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Lesson 2, page 506, Modeling Task 2

a.

b.

1

4

The probabilities change because Toni changes the conditions by removing a key on each
draw. So, if she has to draw a second time, there are only 3 keys to choose from and her
chance of getting the car key is now 1 in 3. As she proceeds. the chance that she draws the
car key increases.

Using a table of random digits, you can code 1 as the house key, 2 as the car key, 3 as the
locker key, and 4 as the bike key. Ignore all other digits. Start at a random place in the table
and read digits until “2” appears. To account for the fact that Toni removes unwanted keys as
they are drawn, ignore any of the digits 1, 3, or 4 if they repeat. So for example, if you read
51584712...,this means that you ignore 5, draw the house key, ignore 5, ignore 8, draw
the bike key, ignore 7, ignore 1 because the house key has been removed, and end the trial
when the car key is drawn. So, this trial required 3 draws to get the car key.

Answers will depend on the results of the simulation.

From the incomplete table, the estimated probability is % = (.255.

Because all keys are about the same size, her car key is equally likely to be the first, second,
third, or fourth key drawn.

Lesson 2, page 507, Modeling Task 3

a.

There are 16 items. If each is equally likely, then code 01 as the yellow comb, 02 as the
yellow mirror, 03 as the yellow barrette, 04 as the yellow bracelet, 05 as the pink comb, 06
as the pink mirror, 07 as the pink barrette, etc. Using a random number table will be very
inefficient because there will be many unwanted two-digit numbers, 17, 18, 19, and so on.
Instead of a table, you can use a calculator to generate random integers from 1 to 16, by
using the command int 16 rand + 1. A trial will be the number of items bought until 13, 14,
15, 16 (the lavender items) each appear at least once. Record the length of the trial.
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Students should conduct five trials and add their results to the stem-and-leaf plot.

number of times she needed more than 15 boxes Th
50 )

estimate from the incomplete stem-and-leaf plot is % =0.911.

This answer can be found by computing

The mean is about 32.

The median will depend on the outcomes of the five trials that the student ran. For the
incomplete stem-and-leaf plot, it is 29.

Lesson 3, page 520, Modeling Task 2

a.

The histogram shows that 10 out of 400 trials resulted in fewer than 50% “yes” answers, so
ae, 10
the probability is 200 ©F 0.025.

As the sample size increases, the percentage in the sample tends to get closer to the
theoretical probability. Since the probability that a student took chemistry or physics is
60%, in a larger sample we would expect the percentage of students who took chemistry or
physics to be closer to 60% than in a smaller sample. Thus, as the sample size increases, the
probability that fewer than half of the sample took chemistry or physics decreases, which
explains the difference in responses for Modeling Task 1, Part d, and Modeling Task 2,
Part a.

Modeling Task 1 has a larger spread with longer tails on each side. For Modeling Task 2,
the percentages vary less from 60%. We expect this to be the case from the Law of Large
Numbers because of the larger sample size in Modeling Task 2.

Students should estimate the probability is very, very close to 0. The probability is very
small with the samples of size 80 and it would be much less with a sample of size 320.
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Students should recall from Unit 1
that the mean of a distribution is the
balance point.

Students should recall from Unit 1
that when a distribution is skewed
right, the mean tends to be larger
than the median.
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Lesson 3, page 521, Modeling Task 4

a.
b.

The library expects 80% of 30 or 24 people to show up. All 30 could show up.

They should take reservations for x people so that 0.8x = 25, or x = 31 people. Although the
library expects only 25 people to show up, as many as 31 could show up.

Use 80% probability as the probability each person shows up. You could do this by setting
up 1 as a no show, 2 as a show, 3 as a show, 4 as a show, and 5 as a show, and using a
calculator to produce random digits from 1 to 5. A trial would consist of 30 digits, each digit
representing a person who has a reservation. Count the number of “shows” in these

30 reservations. Repeat for many trials.

d—f. Responses will depend on the results of the simulations in Part d.

g.

The simulation assumes that each person makes their decision to “show” or not
independently from all others. In a real situation, friends may influence each other if they
plan to work together.

Lesson 3, page 524, Reflecting Task 4

a.

Simulation is a technique that often can be used to produce approximate answers to a
probability problem, whereas theoretical solutions may be inaccessible. For a large number
of trials, the experimental solution should be very close to the theoretical answer.

Some students will say that to get an accurate answer, a large number of trials are needed.
Thus, simulation can be time-consuming and boring to carry out by hand. To avoid this, one
would have to know how to use computer software. Other students will find the process of
setting up a simulation quite difficult. Students should realize that once they thoroughly
understand the problem, they will be able to set up a simulation.
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Lesson 3, page 525, Extending Task 2
a. Predictions will vary.

b. Since the probability of germination is 94%, you need a model where 1-94 represents
germinate and 95-100 represents does not germinate. Since 10 seeds are planted, a trial will
require selecting 10 numbers between 1 and 100. Record the number of failures. To
determine the probability, determine the number of trials that had 1 or more failures, and
divide by the total number of trials.

¢. This simulation will be very similar to the one in Part b. The difference is that 1-99 would
represent germinate and 100 would represent not germinate.

d. This is an opportunity for students to test their intuitions about probability.
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