AP Statistics

Write your questions
and thoughts here!

2.3 Estimating Probabilities Using
Simulations

Example 1

cereal to try and get it.

Mr. Brust’s favorite cereal is Peanut Butter Captain Crunch. When he was a kid the company
ran a special where they would put a glow in the dark ring in randomly selected boxes of
Peanut Butter Captain Crunch. Mr. Brust really wanted that ring and bought 5 boxes of the

Event: a collection of outcomes.

fRandom Process: a process that generates results that are determined by chance.

Outcome: the result of one trial of a random process.

\

Identify the following...

Random Process

Outcome

Event

[Probability: the long-run relative frequency of an outcome or event.

Mr. Brust buys 40 boxes of cereal and gets 7 rings.

a. Estimate the probability that a box of cereal contains a glow in the dark ring.

b. Would buying 400 boxes of cereal give you a better estimate?

c. Would buying 4000 boxes of cereal give you an even better estimate?

probability)

Law of Large Numbers: for independent trials, as the number of trials increases, the long
run relative frequency of an event gets closer and closer to a single value (the true

""As the number of boxes Mr. Brust buys increases, the relative frequency of getting a ring
gets closer and closer to the true probability of a box containing a ring."
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Write your questions
and thoughts here!

Designing a Simulation
1. Assign a value to every possible outcome.
2. Generate values by for one trial.
3. Record the counts of your outcomes and the count total.
4. Repeat for many trials.

The parent company of PB Captain Crunch says there is a 20% chance of getting a glow in the
dark ring in a box of cereal. Mr. Brust wants to know what is the probability of getting at least
one ring if he buys 4 boxes which is one month’s worth of cereal.

Set up and run a simulation for one month.

Trial #1

Outcome

Set up and run a simulation for six months.

Trial #1 #2 #3 #4 #S #6

Outcome

Success

Which probability is closer to the true probability, one month or six months?

Example 2

Mr. Kelly loves basketball and in his mind shoots like Steph Curry. In the real world, Kelly is a
60% lifetime free throw shooter. What is the probability that Kelly will make 2 of his next 3
free throws. Design and run a simulation with 5 trials to estimate the probability.

Trial #1 #2 #3 #4 #5

Outcome

Success
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2.3 Estimating Probabilities Using Simulations m

AP Statistics
\ Use the given scenario to answer the questions. |

1. A rideshare driver notices that about 25% of their trips get “surge pricing” (a price increase during high

demand). The driver wants to estimate the probability that she gets at least 2 surge-priced trips out of her
next 5 rides in a shift.

a. Identify the random process and one possible outcome for a single ride.

b. The driver sets up a simulation to generate random numbers 1-4 where the number 1 represents a

surge trip and the numbers 2-4 represent no surge. The results of the simulation are below. Complete
the table.

Trial #1 #2 #3 #4 #5 #6 #7
Outcome 3,1,4,2,1 2,3,4,3,2 4,1,3,4,2 4,3,2,3,4 1,2,3,1,4 3,1,4,2,4 1,4,1,1,3

Success

c. Use the results to estimate the probability that at least 2 surge-priced trips out of her next 5 rides in a
shift.

d. The driver decides to run the simulation 50 times and gets 16 shifts with at least 2 surge-priced trips.

Which simulation is a better estimate of the true probability, the one with 7 trials or the one with 50
trials?

2. A city bike-share station has a 30% chance that no bikes are available when a commuter arrives at 8:00
a.m. A commuter checks the station every weekday morning for a 5-day week.

a. Describe how to assign random digits 1-10 to simulate one morning at the station.

b. Use a random number generator to run the simulation for one full week to estimate the probability
that no bikes are available on at least 2 mornings. Use results to estimate the probability.

Trial #1 #2 #3 #4 #5

Outcome

Success
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\ Use the given scenario to answer the questions.

3. A bakery has a 50% chance of being sold out of their famous Cronut (croissant donut) by the time Mr.
Brust gets there after work. Mr. Brust goes to the bakery 4 days a week for the Cronut.

a. Identify the random process and one possible outcome for a single morning.

b. Describe how you could use a deck of cards to simulate the bakery being sold out of Cronuts.

c. Describe how you could use a coin to simulate the bakery being sold out of Cronuts.

d. Describe how you could use a roll of the dice to simulate the bakery being sold of Cronuts.

e. Design using one of the above methods or Desmos. Then run the simulation for one of Mr. Brust’s
4-day weeks to estimate the probability that there are no cronuts exactly twice in one week for Mr.
Brust.

4. A frozen yogurt shop gives every customer a spin on a prize wheel. The shop claims the wheel awards a
free topping 25% of the time. A skeptical customer watches 60 spins and sees 9 free toppings.

a. What are all possible outcomes for this random process?

b. Use the observed spins to estimate the probability of winning a free topping.

c. The estimate is below 0.25. Does this prove the wheel is unfair? Use the law of large numbers in
your answer.
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\ Use the given scenario to answer the questions. |

5. A meteorologist says, "There is a 70% probability of rain tomorrow." Interpret what this probability
means using the idea of long-run relative frequency.

6. A doctor tells a patient, "This medication has a 15% chance of causing drowsiness as a side effect."”
Interpret this probability using the idea of long-run relative frequency.

7. A factory reports that a certain manufacturing process has a 2% defect rate. Interpret this probability using

the idea of long-run relative frequency.

2.3 Estimating Probabilities Using Simulations 2.3 Test Prep

Relative Frequency

MULTIPLE CHOICE

A regional environmental agency wants to estimate how often summer ozone levels exceed the "moderate"
air-quality threshold. To study patterns across a school week, an analyst simulated 1,000 trials of 6
consecutive summer days, recording how many of the 6 days exceeded the threshold in each trial.

Simulation to Estimate the Probability of S D 3 3 1 111
Exceeding the Moderate Ozone Threshold (1,000 Trials) Based on the simulation, what is the probability that
at least 4 of the next 6 summer days will have ozone
1 U3y levels exceeding the moderate threshold?
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oo L (D) 0.978

0 1 2 3 4 5 6
Number of Days (out of 6) Exceeding the Moderate Ozone Threshold

0.101

0.05 A
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9. A quality control inspector at a light bulb factory wants to estimate the probability that at least 1 of the next
6 bulbs tested is defective, given a 10% historical defect rate. Which represents one full trial of the
simulation?

(A) Testing a single light bulb and recording whether it is defective
(B) Generating one random digit from 1-10
(C) Generating 6 random digits, one for each bulb, and recording whether at least one indicates "defective"

(D) Repeating the simulation 100 times and averaging the results

10. A medical test is known to correctly detect a disease 90% of the time. Which statement correctly interprets
this probability using long-run relative frequency?

(A) 90% of any single patient's test result is accurate.

(B) If the test were administered to many patients who have the disease, it would correctly detect the
disease in about 90% of those cases, in the long run.

(C) There is a 90% chance the test is accurate today, but this may change tomorrow.

(D) 9 out of every 10 patients tested will definitely be correctly diagnosed.

11. A raffle claims that 20% of tickets are winners. A customer buys 15 tickets and wins with only 1 of them
(about 6.7%). Which conclusion is best supported by the Law of Large Numbers?
(A) The raffle is unfair, since 6.7% is far below the claimed 20%.
(B) This result definitively proves the true winning rate is not 20%.

(C) With only 15 tickets, a result noticeably different from 20% is not unusual due to chance; a much
larger number of tickets would give a more reliable estimate of the true winning rate.

(D) The customer should buy exactly 5 more tickets to force the rate back to 20%.

12. A streaming service reports a 5% chance that any given login attempt results in a crash. A student simulates
8 login attempts using random digits 1-20, where 1-1 represents a crash and 2—-20 represents no crash, and
records the following results for one trial:

Digits: 14, 3,20,1,8,11,17,6
Based on this trial, how many simulated crashes occurred?
(A) 0
(B) 1
©) 2
(D) 8
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