Lesson 19
M5
NYS COMMON CORE MATHEMATICS CURRICULUM



  

PRECALCULUS AND ADVANCED TOPICS




	[image: ]


Lesson 19:  Analyzing Decisions and Strategies Using Probability 

Student Outcomes
· Students use probability concepts to make decisions in a variety of contexts.

Lesson Notes 
In this lesson, students continue to compare strategies by evaluating the associated probabilities of success.  Additionally, problems are included where students are asked whether the result of a probability experiment provides sufficient evidence to reject a hypothesis.  This builds on the idea of statistical significance first introduced in Algebra II (Module 4, Lessons 25–27).  Students should work in carefully selected pairs throughout the lesson.

Classwork 
Example 1 (9 minutes):  Using Probability to Make a Decision About a
HypothesisScaffolding:
For struggling students, consider providing a simpler version of the example:
· You put the MP3 player in a random shuffle mode, listen to three randomly selected songs, and discover they are all hip-hop.  Do you believe  of the songs are indie rock and the rest are hip-hop?
· Show a diagram with a series of question marks over Song 1 through Song 8 to describe the context.  Show a diagram with hip-hop written over every song to indicate what you found when you listened to eight songs. 
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[bookmark: _GoBack]This is an example of a question where students are asked whether the result of a probability experiment provides sufficient evidence to reject a hypothesis.  It is important that students understand the approach involved as there are several exercises in this lesson that draw on this idea.  A common convention used in statistics is that an outcome is deemed unlikely if its probability is less than .  (This is often referred to as a  significance level.)
Draw students’ attention to the fact that the answer to part (b) starts with an if clause.  This is a vital part of the answer and should not be omitted.
Having completed the example, have students consider what the conclusion would have been had the answer to part (a) been greater than .  The answer to part (b) would then be that there is not strong evidence that what the friend said was false.  This does not mean that there is evidence that what the friend said is true. 



Example 1:  Using Probability to Make a Decision About a Hypothesis
Suppose that a friend lends you an MP3 player containing a large number of songs.  Your friend tells you that  of the songs are indie rock and the rest are hip-hop.  You put the MP3 player in random shuffle mode, listen to eight randomly selected songs, and discover that they are all hip-hop.  How could you determine whether your friend’s statement is true or not?
a. Do you believe your friend?  Why or why not?  Use probability to justify your answer.
Sample response 1:  No, because if  of the songs were indie rock and the rest hip-hop, then or  songs in the sample should have been indie rock and the rest hip-hop.Scaffolding:
For advanced learners, consider providing the following extension activity:
· Do you have a different estimate for the proportion of hip-hop songs?  Explain using probabilities. 

Sample response 2:   is the probability of the occurrence of indie rock songs in any sample, but any sample could contain no indie rock songs.

b. If it were true that  of the songs on the MP3 player are indie rock and the rest are hip-hop, what would the probability be that all eight randomly selected songs are hip-hop?  (Round your answer to the nearest thousandth.)
 

c. Does the result of your random selection lead you to suspect that what your friend told you is false?  Explain your answer using the probability in part (a).
If what the friend said is true, then it is very unlikely (probability ) that all eight randomly selected songs would be hip-hop.  So, there is strong evidence that what the friend said is false.

Exercise 1 (7 minutes)
The exercises in this lesson involve several different approaches to probability, so it would probably be helpful for students to work in carefully selected pairs throughout the lesson.  The first exercise is a straightforward application of the multiplication rule.

Exercises
1. A class consists of  boys and  girls.  The teacher picks five students to present their work to the rest of the class and says that the five students are being selected at random.  The students chosen are all girls.
a. If the teacher were truly selecting the students at random, what would the probability be that all five students selected are girls?  (Round your answer to the nearest thousandth.)


b. Does the fact that all five students selected are girls lead you to suspect that the teacher was not truly selecting the students at random but that the teacher had a preference for choosing girls?  Explain your answer using the probability in part (a). MP.3

If the teacher were selecting students at random, then it is very unlikely (probability = ) that all the students selected would be girls.  So, there is strong evidence that the teacher had a preference for choosing girls.

Exercise 2 (7 minutes)
In this exercise, students choose a strategy using normal probabilities.  Students learned how to calculate normal probabilities in Algebra II.  A table of standard normal curve areas is located in the appendix of the teacher notes.

School starts at 8:00 a.m.; it is now 7:30 a.m., and you are still at home.  You have to decide whether to leave now and ride your bicycle to school or to call a friend and ask the friend to pick you up.  Your friend would take  minutes to get to your house.  You know that when you ride your bicycle, the time it takes to get to school has a mean of  minutes and a standard deviation of  minutes.  When your friend drives you, the time it takes to get from your home to school has a mean of  minutes and standard deviation of  minutes.  Which of the two alternatives will make you more likely to get to school on time?  Show the assumptions that must be made and the calculations that lead to your conclusion.Scaffolding:
Students who are new to the curriculum or below grade level may not be familiar with normal probabilities.  To calculate the area under a normal curve:
· Calculate the z-score using the formula   to two decimal places.  The z-score is the number of standard deviations the data point is from the mean.
· Using a z-table, locate the percentage associated with that z-score.  This value is the percentile associated with the data point, and the percentage of data under the curve is contained to the left of this point.
· Read the problem out loud and ask students to draw a picture to represent the information described.

It should be assumed that the data is normally distributed.  This is a valid assumption because:
· Each trip to school is an independent event.
· The dataset of all trips to school is continuous, not discrete.
· Barring anything drastic, almost all bicycle trips should take between  and  minutes (less than  minutes and more than  minutes being highly unlikely), while all car trips should take between  and  minutes (less than  minutes and more than  minutes being highly unlikely).
[image: ]If you choose to ride the bicycle, to get to school on time the journey time has to be less than  minutes.


[image: ]If you choose to ride with the friend, in order to get to school on time the journey time has to be less than  minutes.


Since  is greater than , you are more likely to get to school on time if you ride the bicycle.



Exercise 3 (7 minutes)
In this exercise, students examine a hypothesis about a proportion.  Students should use probability to support their answer to part (b).

Recent polls have shown that  of voters in a city support a particular party.  However, the party has just entered a new phase of its campaign, and in a new poll of  randomly selected voters, the proportion of voters who support the party is found to be .
c. It is known that if  of all voters support the party, the proportion of people in a random sample of  voters who support the party is approximately normally distributed with mean  and standard deviation .  If  of voters supported the party, what would be the probability of a sample proportion of  or more supporting the party?  (Round your answer to the nearest thousandth.)




d. Should the result of the new poll lead the party to think that support for the party has increased?  Explain your answer using the probability in part (a).
If support for the party has remained the same, then it is not particularly unlikely (probability = ) that you would get a sample proportion of  or more.  So, there is no strong reason for the party to think that support has increased.

Exercise 4 (7 minutes)
In this exercise, students use stated assumptions and compare strategies by calculating the probabilities of intersections of independent events in order to justify a decision.  Students should recognize that because the outcomes of the sections are independent, the probability that Tim passes all three sections can be found by applying the multiplication rule.  Some students may need assistance understanding that the probability of passing at least one section can be found by subtracting the probability that Tim fails on all sections from  (or ).MP.4




In order to be admitted to a master’s degree program, Tim must take a graduate record examination.  A graduate record examination is in three sections:  verbal reasoning, quantitative reasoning, and analytic writing.  The exam is administered by two different companies.  In Company A’s version of the exam, Tim estimates that his probabilities of passing the three sections are , , and , respectively.  In Company B’s version, he estimates the probabilities of passing to be , , and  for the three sections.  (You may assume that, with either of the companies, Tim’s outcomes for the three sections of the exam are independent.)
e. Which company should Tim choose if he must pass all three sections?  
If Tim uses Company A, then the probability he will pass all three sections is .
If Tim uses Company B, then the probability he will pass all three sections is .
Since  is greater than , Tim should use Company B.

f. Which company should Tim choose if he must pass at least one of the sections?  
If he uses Company A, then the probability that he will fail all three sections is
.  So, the probability that he passes at least one is
.
If he uses Company B, then the probability that he will fail all three sections is
.  So, the probability that he passes at least one is 
.
Tim is almost certain to pass at least one section whichever company he uses, but his chances are slightly better with Company B.

Closing (2 minutes)
· Ask students to summarize the key ideas of the lesson in writing or by talking to a neighbor.  Use this as an opportunity to informally assess student understanding.  The lesson summary provides some of the key ideas from the lesson.

Lesson Summary
If a number of strategies are available and the possible outcomes are success and failure, the best strategy is the one that has the highest probability of success. 
Probability can be used to decide if there is evidence against a hypothesis.  If, assuming that the hypothesis is true, the observed outcome is unlikely (probability < ), then there is strong evidence that the hypothesis is false.  If the observed outcome is not particularly unlikely, then there is not strong evidence that the hypothesis is false.


Exit Ticket (6 minutes) 


Name                 							         		Date              		         
Lesson 19:  Analyzing Decisions and Strategies Using Probability

Exit Ticket

A coffee machine has two nozzles.  It is known that the amount of coffee dispensed by the first nozzle is approximately normally distributed with mean   and standard deviation   and that the amount of coffee dispensed by the second nozzle is approximately normally distributed with mean  and standard deviation    If a person is using an   cup, which nozzle should he use to minimize the probability that the cup will be overfilled and the coffee will spill?






 
Ron’s Joke Store offers a coin that is supposed to be weighted toward heads.  Caitlin tries out one of these coins.  She flips the coin three times and gets a head on all three flips.  
If the coin were fair, what would the probability be that Caitlin would get heads on all three flips?  (Round your answer to the nearest thousandth.)





Should Caitlin’s result of heads on all three flips lead her to conclude that the coin is weighted toward heads?  Explain.







Exit Ticket Sample Solutions

1. A coffee machine has two nozzles.  It is known that the amount of coffee dispensed by the first nozzle is approximately normally distributed with mean  and standard deviation  and that the amount of coffee dispensed by the second nozzle is approximately normally distributed with mean  and standard deviation   If a person is using an  cup, which nozzle should he use to minimize the probability that the cup will be overfilled and the coffee will spill?
Answer:
[image: ]
Using the first nozzle, the probability that the coffee will spill is 

[image: ]
Using the second nozzle, the probability that the coffee will spill is 

The probability that the coffee will spill is less likely when using the second nozzle.

1. Ron’s Joke Store offers a coin that is supposed to be weighted toward heads.  Caitlin tries out one of these coins.  She flips the coin three times and gets a head on all three flips.  
4. If the coin were fair, what would the probability be that Caitlin would get heads on all three flips?  (Round your answer to the nearest thousandth.)


4. Should Caitlin’s result of heads on all three flips lead her to conclude that the coin is weighted toward heads?  Explain.
No.  If the coin were fair, then it would not be particularly unlikely (probability ) that all three flips would result in heads.  So, Caitlin’s result does not give her strong evidence that the coin is weighted toward heads.  If she had flipped the coin more times (say  or ) and saw all heads, the evidence that the coin was weighted in favor of heads would be more compelling.

Problem Set Sample Solutions

1. To qualify for a vegetable-growing competition, onions must have a mass of at least .  A grower has the choice of two different types of onion.  The first type (when grown under certain conditions) grows to a mass that is approximately normally distributed with mean  and standard deviation .  The second (grown under the same conditions) grows to a mass that is approximately normally distributed with mean  and standard deviation .  Which of the two types is more likely to produce an onion that qualifies for the competition?
[image: ]
First type:  




[image: ]
Second type:  



Since , the first type is more likely to produce an onion that qualifies for the competition.




1. Ron’s Joke Store sells both regular (fair) number cubes and weighted number cubes.  Unfortunately, some of the number cubes have been mixed up.  An employee rolls one of the number cubes  times, and the proportion of these rolls that result in sixes (the sample proportion) is .
6. It is known that if a fair number cube is rolled  times, then the sample proportion of rolls that result in sixes is approximately normally distributed with mean  and standard deviation .  If the number cube were fair, what would the probability be that the sample proportion in 100 rolls that result in sixes would be at least ?  (Round your answer to the nearest thousandth.)
[image: ]


6. Does the employee’s result provide strong evidence that the number cube is biased toward sixes?  Explain your answer using the probability in part (a).
Yes.  If the number cube were fair, then it would be very unlikely (probability = ) that you would get a sample proportion of sixes of at least .  So, there is strong evidence that the number cube is biased toward sixes.

1. Alex and Max are twins, and they are both about to take exams in math, English, history, and science.  Their parents have offered them special privileges (details to be announced) if they get A’s in all their exams.  For the four exams, Alex’s probabilities of getting A’s are , , , and , respectively.  The equivalent probabilities for Max are , , , and .  (You can assume that the results of the four tests are independent of one another.)
7. Which of the twins is more likely to get A’s in all the exams?


Since  is greater than , Max is more likely to get all A’s.

7. Which of the twins is more likely to get at least one A?
  
So 
So 
Alex is slightly more likely than Max to get at least one A.



1. Roxy is a statistics teacher.  She has a set of  cards, and she tells her class that there are  red and  black cards.  Roxy shuffles the cards and offers cookies to the first student to select a red card.  An eager volunteer starts to select cards at random; after each selection, the card is returned and the cards are shuffled.  Having picked black cards on each of the first five selections, the volunteer exclaims that his teacher is up to one of her tricks.  Does the student have strong evidence that the cards are not as Roxy described?  Include a probability calculation in your answer.
If there were  red and  black cards in the deck, then the probability of randomly selecting five black cards would be ; it would be very unlikely for all five of the student’s cards to be black.  So, yes, the student has strong evidence that the cards are not as Roxy described.

1. You decide to lay tile on the floor in one room of your house.  The room measures , and the tiles themselves each measure one square foot.  You want to mix white, gray, and black tile in the ratio , respectively.  When the tile is delivered to your house, you open up the packages and realize that the tiles are completely assorted.  You begin to sort them out.  As you are sorting, you randomly pick six gray tiles in a row.  You immediately look for the tile company’s phone number and call them to have your order replaced because the ratio is not correct.  Are you justified in doing this?
A ratio of  means that  tiles are black,  are gray, and  are white.  The probability of choosing six gray tiles in a row is .  Picking six gray tiles in this situation would occur about  in  times, which is a very low probability.  There is compelling evidence that the ratio of colors is not as it should be.

1. The published universal distribution of M&Ms by color is  brown,  red,  yellow,  blue,  orange, and  green.  You find a snack pack, which has about  candies; you open it, calculate the distribution, and then eat them all.  In that pack,  are orange.  Curious, you find a single-serve bag, containing about  candies.  In this bag,  are orange.  More intrigued, you go for a king-size bag, which ends up containing about  orange.  You try some more bags, but none of the bags you try contain the actual published percentage of orange M&Ms.  Does this make you think that their figures are wrong and that they should publish the correct percentages?
There is not enough evidence to claim that the candy company is wrong.  The bags you chose are just a few of the millions of samples of M&Ms that exist, and the variation between bags is natural.  In fact, it is probably normally distributed.  The figure of  comes from two places:  the average percentage of orange M&Ms across all bags and the possibility that the company actually counts the colors and sets the percentages as the candy is being made.


[image: ]Appendix

Standard Normal Curve Areas
	z
	0.00
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.07
	0.08
	0.09

	–3.8
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001

	–3.7
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001

	–3.6
	0.0002
	0.0002
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001

	–3.5
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002
	0.0002

	–3.4
	0.0003
	0.0003
	0.0003
	0.0003
	0.0003
	0.0003
	0.0003
	0.0003
	0.0003
	0.0002

	–3.3
	0.0005
	0.0005
	0.0005
	0.0004
	0.0004
	0.0004
	0.0004
	0.0004
	0.0004
	0.0003

	–3.2
	0.0007
	0.0007
	0.0006
	0.0006
	0.0006
	0.0006
	0.0006
	0.0005
	0.0005
	0.0005

	–3.1
	0.0010
	0.0009
	0.0009
	0.0009
	0.0008
	0.0008
	0.0008
	0.0008
	0.0007
	0.0007

	–3.0
	0.0013
	0.0013
	0.0013
	0.0012
	0.0012
	0.0011
	0.0011
	0.0011
	0.0010
	0.0010

	–2.9
	0.0019
	0.0018
	0.0018
	0.0017
	0.0016
	0.0016
	0.0015
	0.0015
	0.0014
	0.0014

	–2.8
	0.0026
	0.0025
	0.0024
	0.0023
	0.0023
	0.0022
	0.0021
	0.0021
	0.0020
	0.0019

	–2.7
	0.0035
	0.0034
	0.0033
	0.0032
	0.0031
	0.0030
	0.0029
	0.0028
	0.0027
	0.0026

	–2.6
	0.0047
	0.0045
	0.0044
	0.0043
	0.0041
	0.0040
	0.0039
	0.0038
	0.0037
	0.0036

	–2.5
	0.0062
	0.0060
	0.0059
	0.0057
	0.0055
	0.0054
	0.0052
	0.0051
	0.0049
	0.0048

	–2.4
	0.0082
	0.0080
	0.0078
	0.0075
	0.0073
	0.0071
	0.0069
	0.0068
	0.0066
	0.0064

	–2.3
	0.0107
	0.0104
	0.0102
	0.0099
	0.0096
	0.0094
	0.0091
	0.0089
	0.0087
	0.0084

	–2.2
	0.0139
	0.0136
	0.0132
	0.0129
	0.0125
	0.0122
	0.0119
	0.0116
	0.0113
	0.0110

	–2.1
	0.0179
	0.0174
	0.0160
	0.0166
	0.0162
	0.0158
	0.0154
	0.0150
	0.0146
	0.0143

	–2.0
	0.0228
	0.0222
	0.0217
	0.0212
	0.0207
	0.0202
	0.0197
	0.0192
	0.0188
	0.0183

	–1.9
	0.0287
	0.0281
	0.0274
	0.0268
	0.0262
	0.0256
	0.0250
	0.0244
	0.0239
	0.0233

	–1.8
	0.0359
	0.0351
	0.0344
	0.0336
	0.0329
	0.0322
	0.0314
	0.0307
	0.0301
	0.0294

	–1.7
	0.0446
	0.0436
	0.0427
	0.0418
	0.0409
	0.0401
	0.0392
	0.0384
	0.0375
	0.0367

	–1.6
	0.0548
	0.0537
	0.0526
	0.0516
	0.0505
	0.0495
	0.0485
	0.0475
	0.0465
	0.0455

	–1.5
	0.0668
	0.0655
	0.0643
	0.0630
	0.0618
	0.0606
	0.0594
	0.0582
	0.0571
	0.0599

	–1.4
	0.0808
	0.0793
	0.0778
	0.0764
	0.0749
	0.0735
	0.0721
	0.0708
	0.0694
	0.0681

	–1.3
	0.0968
	0.0951
	0.0934
	0.0918
	0.0901
	0.0885
	0.0869
	0.0853
	0.0838
	0.0823

	–1.2
	0.1151
	0.1131
	0.1112
	0.1093
	0.1075
	0.1056
	0.1038
	0.1020
	0.1003
	0.0985

	–1.1
	0.1357
	0.1335
	0.1314
	0.1292
	0.1271
	0.1251
	0.1230
	0.1210
	0.1190
	0.1170

	–1.0
	0.1587
	0.1562
	0.1539
	0.1515
	0.1492
	0.1469
	0.1446
	0.1423
	0.1401
	0.1379

	–0.9
	0.1841
	0.1814
	0.1788
	0.1762
	0.1736
	0.1711
	0.1685
	0.1660
	0.1635
	0.1611

	–0.8
	0.2119
	0.2090
	0.2061
	0.2033
	0.2005
	0.1977
	0.1949
	0.1922
	0.1894
	0.1867

	–0.7
	0.2420
	0.2389
	0.2358
	0.2327
	0.2296
	0.2266
	0.2236
	0.2206
	0.2177
	0.2148

	–0.6
	0.2743
	0.2709
	0.2676
	0.2643
	0.2611
	0.2578
	0.2546
	0.2514
	0.2483
	0.2451

	–0.5
	0.3085
	0.3050
	0.3015
	0.2981
	0.2946
	0.2912
	0.2877
	0.2843
	0.2810
	0.2776

	–0.4
	0.3446
	0.3409
	0.3372
	0.3336
	0.3300
	0.3264
	0.3228
	0.3192
	0.3156
	0.3121

	–0.3
	0.3821
	0.3783
	0.3745
	0.3707
	0.3669
	0.3632
	0.3594
	0.3557
	0.3520
	0.3483

	–0.2
	0.4207
	0.4168
	0.4129
	0.4090
	0.4052
	0.4013
	0.3974
	0.3936
	0.3897
	0.3859

	–0.1
	0.4602
	0.4562
	0.4522
	0.4483
	0.4443
	0.4404
	0.4364
	0.4325
	0.4286
	0.4247

	–0.0
	0.5000
	0.4960
	0.4920
	0.4880
	0.4840
	0.4801
	0.4761
	0.4721
	0.4681
	0.4641

	z
	0.00
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.07
	0.08
	0.09

	0.0
	0.5000
	0.5040
	0.5080
	0.5120
	0.5160
	0.5199
	0.5239
	0.5279
	0.5319
	0.5359

	0.1
	0.5398
	0.5438
	0.5478
	0.5517
	0.5557
	0.5596
	0.5636
	0.5675
	0.5714
	0.5753

	0.2
	0.5793
	0.5832
	0.5871
	0.5910
	0.5948
	0.5987
	0.6026
	0.6064
	0.6103
	0.6141

	0.3
	0.6179
	0.6217
	0.6255
	0.6293
	0.6331
	0.6368
	0.6406
	0.6443
	0.6480
	0.6517

	0.4
	0.6554
	0.6591
	0.6628
	0.6664
	0.6700
	0.6736
	0.6772
	0.6808
	0.6844
	0.6879

	0.5
	0.6915
	0.6950
	0.6985
	0.7019
	0.7054
	0.7088
	0.7123
	0.7157
	0.7190
	0.7224

	0.6
	0.7257
	0.7291
	0.7324
	0.7357
	0.7389
	0.7422
	0.7454
	0.7486
	0.7517
	0.7549

	0.7
	0.7580
	0.7611
	0.7642
	0.7673
	0.7704
	0.7734
	0.7764
	0.7794
	0.7823
	0.7852

	0.8
	0.7881
	0.7910
	0.7939
	0.7967
	0.7995
	0.8023
	0.8051
	0.8078
	0.8106
	0.8133

	0.9
	0.8159
	0.8186
	0.8212
	0.8238
	0.8264
	0.8289
	0.8315
	0.8340
	0.8365
	0.8389

	1.0
	0.8413
	0.8438
	0.8461
	0.8485
	0.8508
	0.8531
	0.8554
	0.8577
	0.8599
	0.8621

	1.1
	0.8643
	0.8665
	0.8686
	0.8708
	0.8729
	0.8749
	0.8770
	0.8790
	0.8810
	0.8830

	1.2
	0.8849
	0.8869
	0.8888
	0.8907
	0.8925
	0.8944
	0.8962
	0.8980
	0.8997
	0.9015

	1.3
	0.9032
	0.9049
	0.9066
	0.9082
	0.9099
	0.9115
	0.9131
	0.9147
	0.9162
	0.9177

	1.4
	0.9192
	0.9207
	0.9222
	0.9236
	0.9251
	0.9265
	0.9279
	0.9292
	0.9306
	0.9319

	1.5
	0.9332
	0.9345
	0.9357
	0.9370
	0.9382
	0.9394
	0.9406
	0.9418
	0.9429
	0.9441

	1.6
	0.9452
	0.9463
	0.9474
	0.9484
	0.9495
	0.9505
	0.9515
	0.9525
	0.9535
	0.9545

	1.7
	0.9554
	0.9564
	0.9573
	0.9582
	0.9591
	0.9599
	0.9608
	0.9616
	0.9625
	0.9633

	1.8
	0.9641
	0.9649
	0.9656
	0.9664
	0.9671
	0.9678
	0.9686
	0.9693
	0.9699
	0.9706

	1.9
	0.9713
	0.9719
	0.9726
	0.9732
	0.9738
	0.9744
	0.9750
	0.9756
	0.9761
	0.9767

	2.0
	0.9772
	0.9778
	0.9783
	0.9788
	0.9793
	0.9798
	0.9803
	0.9808
	0.9812
	0.9817

	2.1
	0.9821
	0.9826
	0.9830
	0.9834
	0.9838
	0.9842
	0.9846
	0.9850
	0.9854
	0.9857

	2.2
	0.9861
	0.9864
	0.9868
	0.9871
	0.9875
	0.9878
	0.9881
	0.9884
	0.9887
	0.9890

	2.3
	0.9893
	0.9896
	0.9898
	0.9901
	0.9904
	0.9906
	0.9909
	0.9911
	0.9913
	0.9916

	2.4
	0.9918
	0.9920
	0.9922
	0.9925
	0.9927
	0.9929
	0.9931
	0.9932
	0.9934
	0.9936

	2.5
	0.9938
	0.9940
	0.9941
	0.9943
	0.9945
	0.9946
	0.9948
	0.9949
	0.9951
	0.9952

	2.6
	0.9953
	0.9955
	0.9956
	0.9957
	0.9959
	0.9960
	0.9961
	0.9962
	0.9963
	0.9964

	2.7
	0.9965
	0.9966
	0.9967
	0.9968
	0.9969
	0.9970
	0.9971
	0.9972
	0.9973
	0.9974

	2.8
	0.9974
	0.9975
	0.9976
	0.9977
	0.9977
	0.9978
	0.9979
	0.9979
	0.9980
	0.9981

	2.9
	0.9981
	0.9982
	0.9982
	0.9983
	0.9984
	0.9984
	0.9985
	0.9985
	0.9986
	0.9986

	3.0
	0.9987
	0.9987
	0.9987
	0.9988
	0.9988
	0.9989
	0.9989
	0.9989
	0.9990
	0.9990

	3.1
	0.9990
	0.9991
	0.9991
	0.9991
	0.9992
	0.9992
	0.9992
	0.9992
	0.9993
	0.9993

	3.2
	0.9993
	0.9993
	0.9994
	0.9994
	0.9994
	0.9994
	0.9994
	0.9995
	0.9995
	0.9995

	3.3
	0.9995
	0.9995
	0.9995
	0.9996
	0.9996
	0.9996
	0.9996
	0.9996
	0.9996
	0.9997

	3.4
	0.9997
	0.9997
	0.9997
	0.9997
	0.9997
	0.9997
	0.9997
	0.9997
	0.9997
	0.9998

	3.5
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998
	0.9998

	3.6
	0.9998
	0.9998
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999

	3.7
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999

	3.8
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999
	0.9999



[image: ][image: http://mirrors.creativecommons.org/presskit/buttons/80x15/png/by-nc-sa.png][image: ]Lesson 19:	Analyzing Decisions and Strategies Using Probability 
Date:	10/9/14

This work is licensed under a 
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 
232
© 2014 Common Core, Inc. Some rights reserved. commoncore.org

image1.gif




image2.png
2o w538




image3.png




image4.png





image5.png




image6.png




image7.png
200 }
(92 v 2:=0.523




image8.png




image9.png
(o C)o/z(’k v 2: - 'eCK{O(O




image10.png
Cumulative area

N\





image11.jpeg




image12.png
COMMON
CORE




image13.png
(D) BY-NC-sA ]




image14.jpeg
ny
engage




