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Chapter 2 – Calculating Probabilities 

2.1 Calculating Basic Probabilities 
    

Learning Objectives 
• Understand how to calculate and write a probability 

• Understand what constitutes chance behavior 

• Understand the concept of the Law of Large Numbers 

Probabilities give us an idea of how likely it is for a certain event to 

happen. For example, when a coin is flipped, the chance that it comes up heads is 50%. Probabilities can 

be expressed as decimals, fractions, percentages, or ratios. We could have said the probability of 

flipping heads is, 0.5, 
�

�
, 50%, or 1:2. Each of these conveys the idea that we should expect to get heads 

half the time. Probabilities give us an idea of what to expect in the long run but they do not tell us what 

will happen with certainty in the short term. 

Suppose we flip a coin 10 times in a row and get heads each time. The next coin flip is still a random 

event because while we cannot tell for certain what the next flip will be, we can be certain that about 

50% of all tosses over a long set of tosses will be heads. Some people think that we are on a roll so we are 

more likely to get another heads. Others will say that getting 

tails is more likely because we are due to get tails. The truth is 

that we cannot tell what will happen on the next flip. The only 

thing we know for certain is that there is a 50% chance that the 

coin will be heads on its next flip. If we continue to flip this 

same coin hundreds of times, we would expect the percent of 

heads to get closer and closer to 50%. 

Chance Behavior is not predictable in the short term; however, it has long term predictability. The 

Law of Large Numbers tells us that despite the results on a small number of trials, we will eventually get 

close to the theoretical probability if we perform many trials of the event. The outcomes in any random 

event will always get close to the theoretical probability if the event is repeated a large number of times. 

We might roll a die 4 times in a row and get a 6 each time, however, if we rolled this die hundreds of 

times, the percent of time that we get a 6 will get closer and closer to the theoretical probability of 
�

�
. 

When calculating a probability, we divide the number of ways our favorable outcome occurs (the outcome 

we are interested in) by the total number of ways all outcomes can occur. In other words, the probability that 

outcome ‘A’ occurs is found by the formula   �(�) =
#	of	favorable	outcomes

total	#	of	outcomes
. 

  

https://bit.ly/probstatsSection2-1 

4 video links 
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Consider a standard deck of 52 playing cards. 

Suppose we asked the question “What is the 

probability of being dealt a face card (a jack, queen, 

or king) from a standard deck of playing cards?” We 

would need to count how many cards are face 

cards and then divide that number by the total 

number of cards in a deck. In this situation there are 

12 face cards and 52 cards overall so our probability 

of getting a face card is  
��

��
=

�

��
≈ 0.23. 

In probability, there are outcomes that are sure to 

happen and there are outcomes that are 

impossible. If we are once again dealing with a 

standard 52 card deck, the chance of being dealt 

either a red card or a black card if one card is dealt 

is 100%. The chance of being dealt a blue card is 0% 

since there are no blue cards in a standard deck. All random events have probabilities between 0 and 1. In 

addition, the sum total of the probabilities for all possible outcomes in the sample space is equal to 1. In 

other words, if an event occurs, there is a 100% chance that one of the possible outcomes will happen. The 

list below summarizes these rules. 

• The probability of a sure thing is 1. 

• The probability of an impossible outcome is 0. 

• The sum of the probabilities of all possible outcomes is 1. 

• The probability for any random event must be somewhere from 0 to 1. 

As shown earlier, we notate the probability of event ‘A’ happening as P(A). For example, the probability 

of rolling a three on a six-sided die can be written P(3) =
�

�
. Sometimes we are interested in the 

probability of an event not occurring. This is called the complement of the event. We can write the 

probability of the complement of event ‘A’ happening as . P(A’), P(not A), or P(Ac). The formula for the 

complement of an event is P(not A) = 1 − P(A).  On our die rolling quesAon, P(3’)= 1 − P(3) = 1 −
�

�
=
�

�
.  

This can be interpreted as there is a 
�

�
 chance of the die not landing on a 3.  It is important to notice that 

the probability of an event happening and the probability of its complement always add up to 1. 

  

Standard Deck of 52 Playing Cards 

 Black cards  Red cards 

Clubs Spades Hearts Diamonds 

A ♣ A ♠ A ♥ A ♦ 

2 ♣ 2 ♠ 2 ♥ 2 ♦ 

3 ♣ 3 ♠ 3 ♥ 3 ♦ 

4 ♣ 4 ♠ 4 ♥ 4 ♦ 

5 ♣ 5 ♠ 5 ♥ 5 ♦ 

6 ♣ 6 ♠ 6 ♥ 6 ♦ 

7 ♣ 7 ♠ 7 ♥ 7 ♦ 

8 ♣ 8 ♠ 8 ♥ 8 ♦ 

9 ♣ 9 ♠ 9 ♥ 9 ♦ 

10 ♣ 10 ♠ 10 ♥ 10 ♦ 

Jack ♣ Jack ♠ Jack♥ Jack ♦ 

Queen ♣ Queen ♠ Queen ♥ Queen ♦ 

King ♣ King ♠ King ♥ King ♦ 
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Example 1 

Which of the following situations are random events? 

i) A student looks through their closet to decide what shirt to wear to school. 

ii) A student labels each of their 6 pairs of shoes 1 through 6 and then rolls a single die to 

decide which pair to wear. 

iii) The state legislature decides to increase funding to schools by 3%. 

iv) A professional golfer makes a hole-in-one on a 200 yard hole. 

Solution 

Situations i) and iii) are not random events. In both cases, there are additional factors that are 

influencing the decision. The day of the week or the temperature outside might influence your shirt 

choice and how much money the state legislature happens to have might influence funding. 

Both situations ii) and iv) are random events because while we can’t predict what will happen in this 

particular instance, we can make long term predictions. We can predict the percent of the time the 

student might end up with the shoes labeled #2 and we can predict the percent of the time that 

the golfer will make a hole-in-one based upon previous performance. 

Example 2 

In the game of pool, there are a total of 15 balls. Balls numbered 1-8 are solid and balls 9-15 are striped. 

There are two pool balls of each color, for example, there are two yellow pool balls. One of these is solid 

and one of these is striped. The only exception to this is that there is only 1 black pool ball, the eight 

ball, and it is solid. 

Suppose the pool balls were put in a bag and a single pool ball is pulled out of the bag. What is the 

probability that the ball: 

a) is yellow? 

b) is striped? 

c) has a number on it that is greater than 10? 

d) is not striped? 

Solution 

a) �(!) =
�

��
≈ 0.13 

b) �("#$%&'() =
)

��
≈ 0.47 

c) �(> 10) =
�

��
=
�

�
≈ 0.33 

d) �("#$%&'(′) = 1 − �("#$%&'() = 1 −
)

��
=

.

��
≈ 0.53 

In addition to these types of questions, we can also calculate probabilities by incorporating our counting 

methods from Chapter 1. Recall that the probability of an event occurring is the number of favorable 

outcomes divided by the number of total possible outcomes. 
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Example 3 

A jury of 12 people is to be selected from a group of 12 men and 8 women. What is the probability that 

the jury has exactly 6 women on it? 

Solution 

The total number of outcomes possible is based upon selecting 12 members from a pool of 20. Since 

order will not matter, there are 970,125
1220

=C ways to pick a jury of 12. We now want to have a 

total of 6 women on the jury. If we have 6 women, then we must also have 6 men to make a total of 

12 jurors. Since there are 8 women available to pick from and 12 men available to pick from, we 

have  8 6 12 6
  28 924  25, 872C C× = × =  ways to select our jury so it has 6 women and 6 men. 

There are 25,872 ways to have exactly 6 women on the jury out of a possible total of 125,970 

different juries.  In other words, P(exactly 6 women on the jury) = 
��,.)�

���,1)2
 ≈ 0.21. There is about a 

21% chance that the jury will have exactly 6 women on it. 

Sometimes, data is organized in a Venn diagram, as shown in Example 4 below. We will examine these 

in greater depth in section 2.3 but for now, it is important to understand that a Venn diagram is an 

organizational tool that makes it easier to interpret a situation and answer basic probability questions. 

Example 4 

A class of 30 students is surveyed to see whether or not 

they had a science class and/or a math class this trimester. 

There are 18 students that have a math class, 14 students who 

have a science class, and 4 students who have neither. It also 

turns out that this includes 6 students who currently have both 

classes. The results of the survey are shown in the Venn 

diagram below. 

a) How many total students are taking a math class this trimester? 

b) What is the probability that a randomly selected student is taking a math class this trimester? 

c) What is the probability that a randomly selected student is taking both a math and science class this 

trimester? 

d) What is the probability that a randomly selected student is not taking either a math or science 

class this trimester? 

Solution 

a) There are 12 students who only have a math class and 6 students who have both a math a 

science class this trimester for a total of 18 students. 

b) P(Math) =
�.

�2
=
�

�
= 0.6 

c) P(Math & Science) =
�

�2
=
�

�
= 0.2 

d) P(No Math or Science) =
4

�2
=

�

��
≈ 0.13 

Math 

12 

 

6 

Science 

8 

4 



 

 30 Chapter 2   Calculating Probabilities 

Problem Set 2.1 

For problems 1-5, express your answer both as a fraction (simplify if possible) and as a decimal to the 

nearest hundredth. 

1) Suppose a single card is dealt from a standard deck of 52 cards. Find the probability that the card is: 

a) a red card. 

b) a face card. 

c) an ace. 

d) a three. 

e) a club. 

f) the three of clubs. 

g) a black king. 

h) not a spade. 

2) A bag contains some jelly beans. There are a total of 6 red jelly beans, 4 green jelly beans, 2 black 

jelly beans, 5 yellow jelly beans, and 3 orange jelly beans in the bag. Suppose one jelly bean is drawn 

from the bag. 

a) Find P(purple). 

b) Find P(yellow). 

c) Find P( c
red ). 

3) A single 6-sided die is rolled one time. Find the probability that the result is: 

a) a three 

b) a seven 

c) an even number 

d) a prime number 

e) a number greater than or equal to 5. 

4) The game Scattegories® uses a 20-sided die. It has all the letters of 

the alphabet on it except Q, U, V, X, Y, and Z. Find each probability 

below if the die is rolled one time. 

a) P(Vowel) 

b) P(Vowel’)  

c) P(Q) 

d) P(Qc) 

e) P(a letter alphabetically after Q)  
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5) The month of October in a 2016 calendar had 31 

days with October 1st being a Saturday as shown in 

the calendar to the right. Suppose a day is randomly 

selected. Find each probability. 

a) P(weekend) 

b) P(not a weekend) 

c) P(October 31st) 

d) P(October 32nd) 

e) P(not October 31st) 

f) P(an odd-numbered day) 

6) A roulette wheel contains 38 slots. When the wheel is 

spun, a ball is dropped onto the wheel and the ball will 

stop on one of the slots. There are 18 black slots, 18 red 

slots, and 2 green slots. Suppose the ball on a roulette 

wheel has landed on red four times in a row. What is the 

chance that the ball will drop on red on the next spin? 

 

 

 

 

7) A coin has been flipped 10 times. Suppose that it has come 

up heads on only 2 out of those ten flips. 

a) What percent of the time has the coin come up heads so far? 

b) Suppose we flip the coin 90 more times and 45 of those 90 flips come up heads. Of the 100 

flips completed so far, what percent of the time has the coin come up heads? 

c) Suppose we continue to flip the coin an additional 900 times and that 450 of those 900 flips 

come up heads. Of the 1000 flips completed, what percent of the time has the coin come up 

heads? 

d) As we flipped the coin more and more, the percentage of heads got closer and closer to 50% 

despite the fact that only 2 of the first 10 flips were heads. What rule does this illustrate? 

8) Two 6-sided dice are rolled and we keep track of the 

total on the two dice. 

a) Make a 6 by 6 grid showing the different totals that 

you can get when rolling the two dice. 

b) What is the probability that you get doubles? 

c) What is the probability that you get a total of 7? 

d) What is the probability that you get a total of at 

least 8? 
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9) The high school concert choir has 7 males and 15 females. The teacher needs to pick three soloists 

for the next concert but all of the members are so good she decides to randomly select the three 

students for the solos. The first student selected will sing the first solo and so on. 

a) In how many ways can the teacher select the 3 soloists? 

b) What is the probability that all three students selected will be females? 

c) What is the probability that at least one male will be selected? 

10) A test begins with 5 multiple choice questions with four options on each question. It then has 5 

true/false questions. 

a) How many answer keys are possible? 

b) What is the probability of getting every question correct if a student guesses on each question? 

Leave your answer as a fraction. 

11) A lawn and garden store is moving locations and needs to move its riding lawn mowers to the new 

store. They have 8 mowers with 36-inch decks, 15 mowers with 42-inch decks, and 6 mowers with 48-

inch decks that need to be moved. The trailer they are using can move a total of 8 mowers on 

each load so several trips will have to be made. 

a) In how many ways can 8 mowers be randomly 

selected for the first load? 

b) What is the probability that all the mowers with 

48-inch decks get selected for the first load? 

Leave your answer as a reduced fraction. 

c) What is the probability that the first load has 

exactly two 36-inch deck mowers, four 42-inch 

deck mowers, and two 48-inch deck mowers? 

Review Exercises 

12) In how many ways can three students be selected for a committee if there are 11 students from 

which to select? 

13) A hockey player needs new skates, a new helmet, and a new stick. Hockey Central has 5 brands of 

skates, 6 brands of helmets, and 8 brands of sticks for sale. In how many different ways can the 

player select one of each item? 

14) Two standard 6-sided dice are rolled and the results of the roll are added together. Build a grid to 

determine which outcome is most likely to occur. 

15) On a TV game show, three contestants must each pick a box which they believe contains the day’s 

grand prize. In how many different ways can this be done if there are 10 boxes from which to choose, 

each box contains a different prize, and each contestant must pick a different box? 
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2.2 Compound and Independent Events 
   

Learning Objectives 
• Understand how to perform the calculations for compound 

events 

• Compute probabilities for situations with and without 

replacement 

• Understand when two events are independent 

• Understand how to compute the probability when two 

independent events occur 

From section 2.1, you found that it is quite straightforward to calculate probabilities for simple situations. 

What happens when we calculate probabilities from multiple events? For example, suppose you roll a single 

die and then flip a coin. What are the chances that the die comes up with a 5 and the coin gives you a 

heads? A situation that asks you to calculate probabilities for a situation that involves two or more events 

or steps is called a compound event. We will try to find out how to handle these types of situations by 

examining several situations and then making a conclusion. 

Example 1 

Suppose a single die is rolled and a coin is flipped. What is the probability that the die comes up with a 5 

and the coin comes up heads? Use a list to help you find out. 

Solution 

Start with a list of all the possible outcomes. 1H, 1T, 2H, 2T, 3H, 3T, 4H, 4T, 5H, 5T, 6H, 6T. 

There are 12 equally-likely outcomes. Of these, only 5H is a five with a heads. Therefore, the 

answer is 
�

��
. 

What you might have noticed is that P(five) = 
�

�
 and P(heads) = 

�

�
.  Curiously, 

�

�
×
�

�
=

�

��
.  Is this just a 

coincidence or is there something more here? You might recognize that flipping a coin does not impact 

what you roll on a die. When two events do not have an impact on each other, the events are called 

independent. Consider the two situations below. 

Situation 1: Does a coin have a memory? As far as we can tell, the answer is no. This suggests then that 

a coin does not pay attention to whether it came up heads or tails on a previous flip. It does not ‘try’ to 

make sure that the same number of heads come up as the number of tails. Even if it comes up heads 

many times in a row, the next flip of that coin is not influenced whatsoever by the previous flips. 

Successive coin flips are independent of one another.  

https://bit.ly/probstatsSection2-2 

1 video link 
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Situation 2: Suppose your teacher picks students to do problems on the 

board. After each student does their problem, the teacher gives the 

student a piece of candy. Because your teacher wants make sure that every 

student gets a chance to do a problem and get a piece of candy, she keeps 

track of who has worked problems on the board. The selection of the next 

student is not independent of previous selections the teacher has made 

because she intentionally does not pick any student twice. 

Example 2 

Decide which pairs of events below are independent. 

i) Two cards are dealt, one after the other, from a standard deck of 52 cards. 

ii) A spinner with three colors is spun twice. 

iii) A single die is rolled and a coin is flipped. 

iv) You play on the school baseball team and you win a carnival game by throwing a 

baseball to try to break a plate. 

Solution 

Situations ii) and iii) represent pairs of independent events. The result from the first spin 

of the spinner does not impact the result of the second spin of the spinner. The result of 

the roll o f  the  d ie  does not impact what happens when the coin is flipped. 

Situations i) and iv) are not independent. Once the first card from the deck is dealt, 

the probabilities for what the second card might be will change. For example, if the first 

card was the ace of spades, it is impossible for the second card to also be the ace of 

spades. Being a baseball player makes it more likely that you are accurate and can throw 

a ball harder than a typical person and, as a result, you would be more likely to break a 

plate. 

Let’s do another example involving calculations and investigate if multiplying probabilities in a situation 

involving independent events gives us the correct result. 

Example 3 

A coin is flipped three times in a row. What is the probability that all three flips result in heads? Find 

your answer by either using a tree diagram or by making a list. 

Solution 

To be organized, we can make an alphabetically list.  HHH, HHT, HTH, HTT, THH, THT, TTH, TTT. 

There are 8 outcomes altogether and only one of those is HHH. P(HHH) = 
�

.
. 

The probability of heads on one flip is 
�

�
. As in example 1, we have P(HHH) = 

�

�
×
�

�
×
�

�
=
�

.
. 

Note that the three coin flips are independent of each other. 
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In both Example 1 and Example 3, we could multiply the probabilities of individual events to get the 

probability of multiple events happening. This is always true of independent events. In other words, 

suppose we want the probability of both some outcome ‘A’ from one event and some outcome ‘B’ from a 

second event that is independent of the first event. If the probability of our first outcome is P(A) and the 

probability of our second outcome is P(B), then the probability of both A and B happening is  

P(A and B) = P(A) × P(B). 

 

Example 4 

You are dealt one card from each of two separate decks of cards. 

a) What is the probability that both cards are the king of clubs? 

b) What is the probability that the two cards are identical? 

Solution 

In both situations, the events are independent. 

a) We have P(K♣ & K♣) = 
�

��
×

�

��
=

�

�)24
≈ 0.00037. 

b) There are two good ways to solve this problem. We could imagine that we do what we did in 

part a) for all 52 cards in the deck. We simply could multiply our answer for part a) by 52 to 

get 
�

��
≈ 0.019. Another way to think about this would be to ask about each card separately.  

What is the chance that the first card could be useful in making a match? (100%) What is the 

chance that the second card will be useful in making a match? If we already have one card 

picked, the chance that the card from the second deck will match the first card is 
�

��
.  

1 ×
�

��
=

�

��
≈ 0.019. 

Multiplication of probabilities expands to more than just two independent events. It also works with 

three or more independent events and it even works with many situations that do not have independent 

events. In general, when finding the probability of compound events, multiply the probabilities of each 

individual event. If we are interested in the probability of events A, B, and C happening, we can multiply 

P(A) × P(B) × P(C). 

This same principle also works with compound events in which we distinguish whether or not we have 

replacement. Suppose we are asked to pick two cards out of a deck. If we are asked to do this without 

replacement, we will select the first card and record what it is. When we select our second card, we 

must remember that the deck has changed. Nonetheless, we can find the probability of drawing these two 

particular cards by multiplying the individual probabilities. 
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Example 5 

Suppose a standard set of pool balls are in a bag. You pull two pool balls out of the bag, one after the 

other, without replacement. What is the probability that both pool balls are striped? 

Solution 

c) There are 7 striped pool balls out of the 15 pool balls. The chance that the first pool ball is 

striped is 
)

��
. Since we are not going to replace the first pool ball, what is in the bag has now 

changed. There are only 14 pool balls left of which 6 are striped since the first one removed 

from the bag was also striped. The chance that the second pool ball is striped is 
�

�4
. To find the 

probability that both pool balls are striped, we multiply the individual probabilities. This gives 

 
)

��
×

�

�4
=

4�

��2
=
�

�
= 0.2. There is a 20% chance that both balls will be striped if we do not use 

replacement. 

Example 6 

Suppose you have a set of pool balls in a bag. You 

pull two pool balls out of the bag, one after the 

other, with replacement. (This means that after 

you record what the first ball is, you put it back 

into the bag and remix the pool balls before you 

select the second pool ball.) What is the probability 

that both pool balls are striped? 

 

 

 

Solution 

There are 7 striped pool balls out of the 15 pool balls. The chance that the first pool ball is striped 

is 
)

��
. Since we are going to replace the first pool ball, what is in the bag has not changed. There 

are still 15 pool balls of which 7 still are striped. Therefore, the chance that the second pool ball is 

also striped is 
)

��
 . To find the probability that both pool balls are striped, we multiply the 

individual probabilities to get 
)

��
×

)

��
=

41

���
≈ 0.22. There is approximately a 22% chance that 

both balls will be striped if we do use replacement. 

 

We also run into situations where we are dealing with compound events involving very large 

populations. In these sorts of situations, we must be careful about how we interpret the mathematics. 
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Example 7 

Approximately 20% of all Americans smoke. Suppose two Americans are selected at random. What is 

the probability that both Americans are smokers? 

Solution 

The chance that the first person is a smoker is 20%. Some students think that the chance 

that the second person is a smoker changes after the first person is selected, however, it 

does not. The population of America is so large that selecting a single person out from 

that population will not impact the overall percentage of Americans that smoke. The 

probability that the second person smokes is also 20%.  

P(2 smokers selected) = 0.2  ×  0.2 = 0.04 = 4%. 

Example 8 

Approximately 20% of all Americans smoke. Suppose five Americans are selected at random. What is the 

probability that all five are non-smokers? 

Solution 

Since 20% of Americans are smokers, 80% must be non-smokers. This gives us  

0.8 × 0.8 × 0.8 × 0.8 × 0.8 = (0.8)5 ≈ 0.33.  The chance that all five Americans selected will be  

non-smokers is about 33%. 
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Problem Set 2.2 

Exercises 

1) What does it mean for two events to be independent? 

2) Suppose you are dealt one card each from two separate decks of cards. What is the probability 

that both of your cards are: 

a) red? 

b) spades? 

c) jacks? 

d) face cards? 

3) For each situation below, determine whether the two events are independent. 

a) Flip a coin and then draw a card from a standard deck of 52 cards. 

b) Draw a marble from a bag; do not replace it; and then draw a 2nd marble from the same 

bag. 

c) Get a raise at work and purchase a new car. 

d) Drive on ice and lose control of your car. 

e) Have a large shoe size and have a high IQ. 

f) Be a chain smoker and get lung cancer. 

g) Dad is left handed and son is left handed. 

4) A spinner with three equal spaces of red, blue, and green is spun one time. A single six-sided die is 

rolled once. What is the probability that you get blue and a number greater than 3? 

5) Suppose you are dealt two cards, one after another from a 

standard deck of cards. What is the probability that both of 

your cards are: 

a) spades? 

b) the same suit? 

c) kings? 

6) Three cards are drawn from a standard deck without 

replacement. Find the probability that: 

a) all are jacks. 

b) all are clubs. 

c) all are red cards. 
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7) In a carnival game, players are given three darts and throw them at a set of balloons on a wall. 

Suppose there are eight balloons on the wall. Five of the eight balloons have slips of paper in them 

that say ‘Winner’ while three of the eight balloons have slips of paper that are blank. Suppose you 

pop a balloon with each of your three darts. If all three balloons have ‘Winner’ slips, you win the 

grand prize. If all three balloons have blank slips, you win the consolation prize. What is the 

probability that: 

a) you win the grand prize? 

b) you win the consolation prize? 

8) A classroom contains 12 males and 18 females. Two different students will be randomly selected to 

give speeches. What is the probability that the two students who give speeches are: 

a) two females? 

b) two males? 

c) 1 male and 1 female (in either order)? (Hint: Use your answers from a) and b) along with 

some subtraction to calculate your solution.) 

9) If 18% of all Americans are underweight, find the probability that two randomly selected 

Americans will both be underweight. 

10) A survey found that 68% of book buyers are 40 years old or older. If two book buyers are selected at 

random, what is the probability that both are 40 years old or older? 

11) The Gallup Poll reported that 82% of 

Americans used a seat belt the last 

time they got into a car. If four 

people are selected at random, find 

the probability that they all used a 

seat belt the last time they got into a 

car. 

 

 

 

12) Eighty-three percent of diners favor the practice of tipping to reward good service. If three restaurant 

customers are selected at random, what is the probability that all three are in favor of tipping? 

13) Suppose that 25% of U.S. federal prisoners are not U.S. citizens. 

a) Find the probability that a randomly selected federal prisoner is a U.S. citizen. 

b) Find the probability that three randomly selected prisoners are all U.S. citizens. 
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14) At a local university, 70% of all incoming freshmen have computers. If three students are selected 

at random, what is the probability that: 

a) none have computers? 

b) all three have computers? 

15) The U.S. Department of Justice states that 6% of all murders occur without weapons. If three 

murder cases are selected at random, what is the probability that all three occurred with the use of 

a weapon? 

Review Exercises 

16) Which of the following are random events? 

a) You need to pick 2 people to be your partners in a group project so you select two of 

your friends. 

b) You make a rock skip across the surface of a lake 12 times. 

c) A baby elephant is born and it is a male. 

d) You spin the big wheel on the TV game show “The Price is Right” and you win $1000. 

17) In how many ways can two 12th-graders be selected for 

speaking at graduation if there are 16 seniors that apply? One 

speaker will give a short introductory speech and one will give 

a longer speech that reflects upon the experiences of this 

particular senior class. 

 

 

 

 

 

 

 

 

18) A family of 4 has just won the lottery and goes to an auto dealership to purchase a new vehicle for 

each member of the family. The parents each decide that they want a car while their two teenagers 

decide they would each like a truck. The family agrees that no one will purchase the same model 

of vehicle as anyone else. In how many ways can their purchase their 4 vehicles if the dealership has 

17 car models and 23 truck models available? 

19) The Strikers and the Kicks soccer teams are playing a best of five playoff series. The first team to win 

three games is the winner. Draw a tree diagram to show the different ways the series might play out.  
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2.3  Mutually Exclusive Events 

       

Learning Objectives 
• Understand when two events are mutually exclusive 

• Understand the concepts of unions and intersections 

• Be able to compute probabilities using Venn diagrams and 

formulas 

Sometimes there are situations in which two different events 

cannot occur at the same time. For example, if you roll a single 

die one time and you wish to find the probability of getting an 

even number and a 3 on that one roll. These two events cannot occur at the same time. When it is 

impossible for two events to occur at the same time, we say the events are mutually exclusive or 

disjoint. If events ‘A’ and ‘B’ are mutually exclusive then it is impossible for events ‘A’ and ‘B’ to happen at 

the same time, or P(A and B) = 0. However, if ‘A’ and ‘B’ are mutually exclusive then  

P(A or B) = P(A) + P(B). 

Using proper notation we have P(A ∪ B) = P(A) + P(B). Remember, this is only true if the two events are 

mutually exclusive. 

 

The ∪ can be read as the union of events ‘A’ and ‘B’. The probability for the union of two events ‘A’ and 

‘B’ can be thought of as the chance that either ‘A’ occurs, ‘B’ occurs, or both ‘A’ and ‘B’ occur. 

Example 1 

A single die is rolled one time. What is the probability of getting either an odd number or a 6? 

Solution 

The events of getting an odd number and getting a 6 are mutually exclusive since they cannot 

occur at the same time. P(Odd ∪ 6) = P(Odd) + P(6) = 
�

�
+
�

�
=
4

�
=
�

�
≈ 0.67 

 

Of course, not every situation involves mutually exclusive events.  

https://bit.ly/probstatsSection2-3 

2 video links 

https://bit.ly/probstatsSection2-3a 

Venn Diagrams Intro  
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The diagrams in Figure 2.1 below are Venn diagrams. They are useful in showing us how different 

events are related. Events ‘A’ and ‘B’ are not mutually exclusive if they overlap and we can say that there 

is an intersection where events ‘A’ and ‘B’ overlap. 

 

 

 

 

 

 

Figure 2.1: 

 

For example, if we roll a single 6-sided die, the events of getting an odd number and getting a number 

bigger than 3 intersect. They both include the number 5. The symbol for an intersection is ∩. A logical 

extension of the formula for the union of two events that are not mutually exclusive is  

P(A ∪ B) = P(A) + P(B) − P(A ∩ B). The next two examples illustrate this formula. 

 

Example 2 

A single 6-sided die is rolled. Suppose the events that we are interested in are getting an odd number and 

getting a prime number (2, 3, or 5). Draw a Venn diagram for this situation. 

Solution 

Notice that since the numbers 3 & 5 belong to 

both the odd numbers and the prime 

numbers, they are placed into the 

intersection of the ‘Odds’ circle and the 

‘Primes’ circle. Notice also that the numbers 

4 & 6 do not belong to either set and are 

placed outside both circles. 

Example 3 

A single 6-sided die is rolled. What is the probability of getting either an odd number or a prime number? 

Note that this is the same as asking for P(Odd ∪ Prime). 

Solution 

Using the figure from Example 2 we see that there are four values out of six that are either odd 

or prime. Therefore, P(Odd or Prime) = 
4

�
=
�

�
 ≈ 0.67. If we use the formula,  

P(Odd ∪ Prime) = P(Odd) + P(Prime) − P(Odd ∩ Prime). This gives 
�

�
+
�

�
−
�

�
=
�

�
	≈ 0.67. 

Odds 3 

5 

Primes 

Neither 

2 1 
4 

6 

A B 

Outcomes A and B are Mutually Exclusive. 

The outcomes do not intersect. 

A B 

A and B are NOT Mutually Exclusive. 

The outcomes intersect. 

A and B 
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Example 4 

Suppose there is a 60% chance it will rain today and that there 

is a 70% chance that it will be over 90°F. Suppose also that there 

is a 45% chance that it will both rain and be above 90 degrees. 

What is the chance that it will neither rain nor be above 90 

degrees? Solve using both a Venn diagram and using a formula. 

Solution 

Start by drawing a Venn diagram and noting that we 

have two circles, one for rain and one temperature. These two events are not mutually 

exclusive because they can occur at the same time therefore the circles should overlap. 

We can quickly fill in the intersection of the two events as 45%. 

 

 

 

 

 

 

 

 

 

 

If we remember that there is a 60% chance of rain and we already have 45% filled in for the rain 

circle, the remainder of the rain circle must be 15% so it adds up to 60%. Likewise, the 

remainder of the >90° circle must be 25%. 

 

 

 

 

 

 

 

 

 

 

We can now see that we have a total of 15%+45%+25%=85%. This means that the ‘Neither’ 

category must be 15% to give us a total of 100%. 

Using the formula, P(Rain ∪ 90) = P(Rain) +   P(90) −  P(Rain ∩ 90) gives   

    P(Rain ∪ 90) = 60% + 70% − 45% = 85%.     100% − 85% = 15%. 

  

Rain Both 

45% 

>90 

Degrees 
Neither 

Rain 

15% 

Both 

45% 

>90 

Degrees 

25% 
Neither 

https://bit.ly/probstatsSection2-3b 

Probability with Venn Diagrams 
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Example 5 

Which pairs of events are mutually exclusive? 

a) You go to the pet store to buy a pet. Event A = You buy a pet that flies, Event B = You buy a pet that 

has no legs. 

b) You order a pizza. Event A = Your pizza has pepperoni on it, Event B = Your pizza has mushrooms. 

c) You select a football player to take a picture of for the yearbook. Event A = The player is a 4-year 

varsity starter, Event B = The player is 14 years old. 

d) Radio stations have 4-letter station names such as KDWB. You decide to pick a radio station to 

listen to. Event A = The station’s 4-letter name starts with a W, Event B = The station’s 4-letter 

name contains three E’s. 

Solution 

a) Is mutually exclusive. You cannot buy a pet that both flies and also has no legs. 

b) Is not mutually exclusive. You can order a pizza with both mushrooms and pepperoni. 

c) Is mutually exclusive. If a 4-year varsity starter is 14 years old, then they would have been a 

varsity starter when they were 10 years old. That simply does not happen. 

d) Is not mutually exclusive. This could happen if the radio station’s call sign is WEEE. 

Example 6 

The Rockin’ Rollers performance company has 

30 musicians who play either bass guitar, lead 

guitar, or rhythm guitar. Some of these 

musicians play more than one instrument. 

Suppose 4 musicians can play lead, rhythm, or 

bass guitar. Fourteen can play lead or rhythm 

but not bass, 2 can play bass or rhythm but 

not lead, 3 can play bass only, and 4 can play 

rhythm only. There are no musicians who play 

lead and bass only. Draw a Venn diagram to 

determine how many musicians play lead only. 

Solution 

From the information given, we can fill in a Venn diagram as shown 

to the right. 

We’ve used up 27 of the 30 musicians so there must be 3 musicians 

who play lead guitar only.  

14 

4 

2 0 

Bass 

3 

Rhythm 

4 
Lead 
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Problem Set 2.3 

Exercises 

1) What does it mean for two events to be mutually exclusive? 

2) Give an example of two events from a situation in which the two events are mutually exclusive. 

3) Give an example of a situation with two events that are not mutually exclusive. 

4) Consider each situation. Decide whether the pairs of events are mutually exclusive. 

a) Roll a die: Get an even number and get a number less than 3. 

b) Roll a die: Get a prime number (2, 3, or 5) and get a six. 

c) Roll a die: Get a number greater than 3 and get a number less than 3. 

d) Select a student: Get a student with blue eyes and get a student with blond hair. 

e) Select a college student: Get a sophomore and get a student that is a math major. 

f) Select a course: Get an Algebra course and get an English course. 

g) Select a voter: Get a Republican and get a Democrat. 

5) There are 200 male students at a particular school. Of these, 58 play football, 40 play basketball, 

and 8 play both. 

a) Draw and label a Venn diagram for this situation. 

b) How many play both sports? 

c) How many play basketball but not football? 

d) How many play football but not basketball? 

e) How many do not play football or basketball? 

6) An architectural firm is putting out bids to design two large governmental buildings. Suppose they 

believe they have 35% chance of getting the contract for the first building, an 80% chance of 

getting the contract for the second building and a 10% chance of getting neither job. 

a) Draw a Venn diagram for this situation and use your diagram to find the chance that they get 

both contracts. 

b) Use a formula for this situation to find the chance that they get both contracts.  
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7) A single card from a standard deck can have many descriptions. For example, the King of Spades could 

be described as a black card, a face card, a king, or a spade. Suppose we pull a single card out of a 

deck and we pay attention to the events of getting a red card, getting a jack, and getting a spade. 

a) Draw a Venn diagram to illustrate this situation paying attention to whether or not the card is 

red, a jack, or a spade. 

b) Shade the portion of your diagram with vertical lines that represents the intersection of 

getting a red card and getting a jack. 

c) Shade the portion of the diagram with horizontal lines that represents the union of getting a 

jack or getting a spade. 

8) A student tells their teacher that they want to 

build a cabinet in wood shop. Students sometimes 

build this project with oak only, sometimes with 

cherry only, sometimes with both and sometimes 

with neither. There is a 40% chance the project 

will be built using oak, a 50% chance the project 

will be built using cherry, and a 30% chance that 

the project will be built using both types of wood. 

What is the chance that the student will not use 

either oak or cherry? 

9) Consider a set of 15 pool balls. Balls numbered 1 through 8 are solid and balls 9 through 15 are 

striped. Suppose the balls are placed into a bag and you randomly select one ball. Find the 

probability that: 

a) you selected either a solid ball or a ball numbered greater than 12. 

b) you selected an even numbered ball or a solid ball. 

c) you selected a solid ball or a striped ball. 

d) you selected a ball that was striped and even. 

10) Suppose you again have a standard set of 15 pool balls. This time, you pull two pool balls out of the 

bag, replacing the first ball before you select the second ball. What is the probability that: 

a) your two pool balls are both solid? 

b) you pick exactly the same ball twice? 

c) your first ball was solid and your second was odd? 

11) At a particular school, there are 20 teachers. Three of them teach math, 5 teach science, and 3 

teach computer science. It turns out that among these teachers, there is one teacher who teaches all 

three classes and one teacher who teaches both science and computer science. Draw a Venn 

diagram to illustrate the situation and determine how many of the 20 teachers teach courses other 

than math, science, or computer science. Note that you will need 3 circles to build this diagram. 
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Review Exercises 

12) Two cards are selected from a standard deck of 52 cards, one after the other without 

replacement. What is the probability that the two cards are both face cards? 

13) Suppose 90% of all Americans have 

attended a religious ceremony at 

least one time in the past year. What 

is the probability that 4 randomly 

selected Americans will all have 

attended at least one religious 

ceremony in the past year? 

 

 

 

 

 

 

 

 

 

14) A single 6-sided die is rolled once and a single card is drawn from a standard deck of 52 cards. What 

is the probability that the die shows a result greater than 3 and the card is a heart? 

15) A young girl has a box of 8 color crayons but has decided she needs only 3 colors to make a picture 

for her grandfather. In how many ways can the girl select the three crayons? 

16) In how many ways can a committee of 4 people be selected if there must be at least 1 man and 

1 woman on the committee and there are 6 men and 7 women from which to pick? 
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2.4 Tree Diagrams and Probability Models 
   

Learning Objectives 

• Understand how to build and properly notate a tree diagram 

• Understand how to calculate probabilities using a tree 

diagram 

• Understand how to verify if a tree diagram is correct 

• Be able to build a probability model by using a tree 

diagram 

As we advance through probability, it becomes very apparent 

that we need to be quite organized with our problems as 

they become more complex. In this section we will use 

tree diagrams to help us calculate probabilities for given situations. Tree diagrams are a visual aid that 

can help us break down a situation and calculate probabilities. There are two key principles that we must 

observe for all tree diagrams. First of all, to find the total probability for any given branch on a tree, 

multiply the individual probabilities along that branch. Secondly, the sum of the probabilities from the 

ends of each branch must total to 1. We will examine several examples of probabilities using tree diagrams 

in order to solidify our understanding of this concept. 

 

 

 

  

https://bit.ly/probstatsSection2-4 

1 video link 



 

 Section 2.4   Tree Diagrams and Probability Models 49 

Example 1 

At a restaurant, there are two breakfast platters that are served, one featuring pancakes and one featuring 

eggs. There are also two choices for drinks, milk or juice. Thirty percent of customers choose the pancake 

platter while 70 percent choose the egg platter. Forty percent of customers choose milk while 60 

percent choose juice. Assume the drink choice is independent of platter choice. Build a probability model 

for this situation by using a tree diagram. 

Solution 

Step one is to build the tree 

diagram as shown to the right. Be 

sure to label each branch with what 

it represents and the associated 

probability.  

Step two is to calculate the 

probabilities at the end of each 

branch. To do this, we multiply the 

probabilities along each branch. For 

example, the top branch’s value of 

0.28 was found by multiplying  

0.7 by 0.4. 

 

Table 2.1, shown below, 

summarizes the data in the tree 

diagram. There are two critical ideas 

to pay attention to here. First of all, 

the probability at the end of each 

branch is the product of the 

probabilities on that branch. 

Secondly, notice that the sum of the 

four probabilities at the ends of the 

branches add up to 1. Table 2.1 

summarizes these results from our tree diagram and is called a probability model.  

Notice that the probabilities in the table also sum to 1. 

Table 2.1: 

Order: Eggs & Milk Eggs & Juice Pancakes & Milk Pancakes & Juice 

Probability: 0.28 0.42 0.12 0.18 
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Example 2 

The Diamonds and the Dusters baseball teams are playing a best-of-three playoff series. The first team 

to win two games is the winner of the series. Suppose the Diamonds have a 60% chance to win any game 

they play against the Dusters. Build a tree diagram and a probability model to determine the probability 

of each team winning the series. 

Solution 

Notice in the tree diagram below that not all branches go three games. There are two sets of 

branches that only go two games. A third game does not need to be played in all situations. 

 

Table 2.2 below gives the probability model based upon our tree diagram. The probability of the 

Diamonds winning the series is 0.36 + 0.144 + 0.144 = 0.648 while the probability of the 

Dusters winning the series is 0.096 + 0.096 + 0.16 = 0.352. In our solution, notice that each 

branch is labeled and includes a probability. Multiply the probabilities along each branch to get 

the probability at the end of the branch. Once again, note that the total of all the probabilities 

in the probability model sums to 1. 

Table 2.2:   

Outcome: 
Diamonds Win in 2 

games 

Dusters Win in 2 

games 

Diamonds win in 3 

games 

Dusters win in 3 

games 

Probability: 0.36 0.16 0.288 0.192 
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Example 3 

You are dealt two cards from a standard deck of 52 cards. What is the probability that the two cards can 

be classified as a red card and a face card (in either order)? 

Solution 

Begin by considering the first card. We are concerned primarily with getting a face card and then 

a red card or a red card and then a face card. In order to reach our goal, the first card could be 

a red card, a face card, or both a red and a face card. Any other card would result in us not 

reaching our goal. As a 

result our tree diagram will 

have four initial branches as 

shown below; red (not 

face), face (not red), red & 

face, or other. 

Once our first set of 

branches are complete, we 

look at the second stage. 

We will examine the red, 

not face branch in detail 

(top branch). There are 20 

red cards out of our 52 card 

deck that are not face 

cards. Once we have that 

card, we now want to know 

the chances of getting a 

face card (assuming we just 

drew a red card).  There are 

still 12 face cards in the 

deck but there are now only 

51 cards remaining in the deck.  We multiply this branch out to get 
�2

��
×
��

��
=

�42

����
. 

There are two other branches we work in a similar fashion as they are the only other branches that 

help us achieve our goal.  Adding these gives us 
�42

����
+

���

����
+

�.�

����
=

�.�

����
≈ 0.22.  There is about 

a 22% chance of getting a red card and a face card. 

 

The key to success when working with tree diagrams and probability models is to work in a neat and 

organized fashion. Many errors are often due to sloppy work. In addition, another useful suggestion is to 

make your tree diagrams large enough so that you have plenty of room to work.  
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Problem Set 2.4 

Exercises 

1) Fourteen red marbles and sixteen green marbles are in a bag. Two marbles are picked out one at 

a time and replaced after they are picked. Build a tree diagram and probability model to show the 

different combinations of marbles that could be pulled out of the bag and their associated 

probabilities. 

2) A bag contains a standard set of pool balls. Two balls are pulled out, one after another, and 

not replaced. What is the probability that the two balls are a solid and a striped ball in either 

order? (Recall that there are 8 solid pool balls and 7 striped pool balls.) 

3) A bag contains a $100 bill and two $20 

bills. A second bag contains 1 gold 

marble and 2 silver marbles. You get 

to pick one bill out of the first bag. 

After this, you pick a marble out of the 

second bag. If you get the gold 

marble, you get to triple the amount 

of money you pulled from the first 

bag. If you get a silver marble, you get to double the amount of money you picked from the first 

bag. Build a probability model for all the different amounts of money that you might win. 

4) A basketball player is practicing shooting free throws. Suppose she makes 75% of her free 

throw attempts. Make a tree diagram and probability model for what might happen if she decides to 

shoot three free throws. In other words, what is the probability that she makes zero shots, one 

shot, two shots, or all three shots? 

5) A coin is flipped and then two dice are rolled. Build a probability model that shows how likely it is to 

get heads followed by doubles, heads and a non-doubles, tails and doubles, and tails and a  

non-doubles. 

6) A spinner with four evenly-spaced wedges of red, blue, green, and orange is spun and a coin is 

flipped. 

a) How many different outcomes are possible? 

b) Build a probability model that shows the probabilities for each outcome. 

7) A baseball player is a .400 hitter. This means that he gets a hit (single, double, triple, or home run) 

40% of the time he has an at-bat. Use a tree diagram to build a probability model that shows the 

probability of the player having 0, 1, 2, or 3 hits if he has 3 at-bats in one game. 
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8) In some sports, the home team wins a higher percentage of games played. Suppose the Dunkers and 

the Hoopsters are playing a best-of-three game series against each other. When the Dunkers are 

home, they have a 60% chance of winning a game against the Hoopsters. When the Hoopsters are 

home, they have a 55% chance of winning a game against the Dunkers. The Dunkers will be the 

home team in games 1 and 3 while the Hoopsters will be the home team in game 2. Use a tree 

diagram to build a probability model for this situation. The model should show the chances that the 

Dunkers win in 2 games or in 3 games and the chances that the Hoopsters win in 2 games or in  

3 games. 

9) A patient is scheduled to have two 

surgeries. The results of each surgery are 

independent of each other. Suppose the 

first surgery has a 90% success rate and the 

second surgery has an 85% success rate. 

Build a probability model by using a tree 

diagram that shows all the different results 

that might occur. 

 

 

 

 

10) A bag contains ten red cubes numbered 1 through 10 and five blue cubes numbered 1 through 5. You 

pull two cubes out of the bag without replacement. What is the probability that the two cubes will 

be an odd cube and a red cube (in either order)? 

Review Exercises 

11) Suppose that events ‘A’ and ‘B’ are mutually exclusive and that P(A) = 0.35 and P(B) = 0.14.   

a) What is �(� ∪ 9)? 

b) What is �(� ∩ 9)? 

12) How many unique three-letter ‘words’ can be formed by selecting three letters from the alphabet if 

no letter may be repeated? 

13) How many unique three-letter ‘words’ can be formed by selecting three letters from the alphabet 

if letters may be repeated? 

14) 20% of all households in the Twin Cities get the Star Tribune newspaper delivered to their home while 

only 15% get the Pioneer Press delivered to their home. If 70% of homes do not get either 

newspaper delivered, what percent of homes get both newspapers delivered? 
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2.5   Conditional Probabilities and 2-Way Tables 
   

Learning Objectives 
• Understand how to calculate conditional probabilities 

• Understand how to calculate probabilities using a 

contingency or 2-way table 

It is quite easy to calculate simple probabilities. What is the 

chance of rolling a 4 with a single die? What is the chance 

of being dealt a queen from a deck of cards? We are now 

going to focus on conditional probabilities. A conditional probability is a probability in which a certain 

prerequisite condition has already been met. 

We can start by thinking about cards being dealt from a standard deck of 52 cards. Suppose a specific piece 

of information is given to you about a particular card that has been dealt from the deck face down. 

For example, suppose that we tell you that the card is red. We now might ask what the probability is that 

the card is a heart. Since we already know it is red, the probability of it being a heart must be 

50%. This is because there are equal numbers of hearts and diamonds in the deck of cards. The 

formal notation for this is P(Heart|Red). This is read as “The probability of a heart given that the 

card is red”. The mathematics for these types of situations is typically very logical. In our case, we know 

there are 26 red cards and that 13 of them are hearts. Therefore, we make the conclusion that 

P(Heart|Red) = 0.50. 

Example 1 

A single card is dealt from a standard deck of 52 cards. Find each conditional probability. 

a) P(2♣|Black) 

b) P(Black|Diamond) 

c) P(Queen|Face) 

Solution 

a) There are 26 black cards in the deck and one of them is the two of clubs.  

P(2♣|Black) = 04.0
26

1
≈  

b) It is impossible for the card to be black if we know it is a diamond. P(Black|Diamond) = 0. 

c) There are 4 queens out of the 12 face cards in a deck.  P(Queen|Face) = 33.0
3

1

12

4
≈=  

  

https://bit.ly/probstatsSection2-5 

1 video link 
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Example 2 

In a common poker game, 5 cards are dealt to a player.  The best possible hand is called a royal flush. 

This occurs if a player gets the ten, jack, queen, king, and ace, all of the same suit. What is the chance of 

being dealt a royal flush? Leave your answer as a fraction. 

Solution 

We will solve this by looking at one card 

at a time. What is the chance that the 

first card might be part of a royal flush? 

Before any cards are dealt, there are four 

10’s, four jack’s, four queen’s, four kings, 

and four aces available. Twenty of the 52 

cards can help you on your way to a royal 

flush. 

Once you receive this card, what are the 

chances that the second card will also help 

on your way to the royal flush? We might answer this by simply imagining us getting a useful card 

on the first card. Suppose our first card was the jack of spades. There are only 4 other cards of 

the remaining 51 cards that will help now, the 10, queen, king, and ace of spades. Suppose we get 

one of those cards, perhaps the king of spades. 

There are now only 3 cards of the remaining 50 that can help us complete our royal flush. 

Suppose our third card was the queen of spades. Only 2 of the remaining 49 cards will help as 

our fourth card on our quest for a royal flush. Likewise, there is only one card of the last 48 that 

can help us on card number five. Putting this all together, we have 
�2

��
×

4

��
×

�

�2
×

�

41
×

�

4.
=

4.2

���,.)�,�22
=

�

�41,)42
.  Putting this in perspective, if you dealt 1000 poker hands every single day, it 

would take nearly two years to deal 649,740 hands, of which we would only expect about one to 

be a royal flush. 

Good Luck! 

Another way we can look at conditional probabilities is through the use of two-way tables or 

contingency tables. These are often referred to as two-way tables because there are two distinct 

categories of information gathered in these tables. For example, we may record how many siblings you 

have and in how many activities you participate in school. Two-way tables can be filled in either using 

counts or probabilities. 

We will start by answering simple questions such as “What is the probability that a student participates 

in exactly 2 activities?”. After we understand how to work with these tables, we will begin asking more 

complex questions such as “What is the chance a student participates in 3 activities given that they have 

1 sibling?”. Let’s begin with an easy example to help us understand how to read these tables. 
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Example 3 

Suppose we survey all the students at school and ask them how they get to school and also what grade 

they are in. The chart below gives the results. Suppose we randomly select one student. 

 Bus Walk Car Other 

9
th

 or 10
th

 grade 106 30 70 4 

11
th

 or 12
th

 grade 41 58 184 7 

a) Give all the row and column totals. 

b) What is the probability that the student walked to school? 

c) What is the probability that the student was a 9th or 10th grader? 

d) What is the probability that a student either rode the bus or is in 11th or 12th grade? 

Solution 

a)  

 Bus Walk Car Other Total 

9
th

 or 10
th

 grade 106 30 70 4 210 

11
th

 or 12
th

 grade 41 58 184 7 290 

Total 147 88 254 11 500 

b) There were 88 walkers out of 500 total students or 
..

�22
=

��

���
≈ 0.18. 

c) There were 210 9th or 10th graders out of 500 total students or  
��2

�22
=
��

�2
 = 0.42. 

d) There are 147 kids who rode the bus and there are 290 kids who are 11th or 12th graders. 

However, notice that these two categories intersect and we must be careful not to count the 

41 kids who are in both categories twice. We will take the 290 11th or 12th graders and just 

add the 106 bus riders who are not 11th and 12th graders for a total of 396 students.  The 

probability of selecting an 11th or 12th grader or a bus rider is 
�1�

�22
=

11

���
≈ 0.79. 

 

In the example above, note that the total across the bottom, 147 + 88 + 254 + 11, and the total for 

the last column, 210 + 290, both add up to 500. This is true of all 2-way tables. Now that we have the 

basic ideas down in a contingency table, let’s move to a couple of more challenging questions. 
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Example 4 

Consider the completed chart in the solution of part a) of Example 3. 

a) What is the probability that a student is in 11th or 12th grade given that they rode in a car to 

school? 

b) What is P(Walk|9th or 10th grade)? 

Solution 

a) The trick to dealing with conditional probabilities in two-way tables is to make sure that you 

only use what you are given. We are given that they rode in a car to school. We will only look 

at the Car column. We first note that there were a total of 254 kids who rode in a car to 

school. We then see that 184 of these kids were 11th and 12th graders. This gives us  
�.4

��4
=

1�

��)
≈ 0.72. 

b) We want the probability that a student walked to school given that they were in 9th or 10th. 

We will only look only at the 9th and 10th grade row. There are 210 students who are 9th and 

10th graders. Of these, only 30 walked to school. This gives us 
�2

��2
=
�

)
≈ 0.14.  

Example 5 

The manager of an ice cream shop is curious as to which customers are buying certain flavors of ice cream. 

He decides to track whether the customer is an adult or a child and whether they order vanilla ice cream 

or chocolate ice cream. He finds that of his 224 customers in one week that 146 ordered chocolate. He 

also finds that 52 of his 93 adult customers ordered vanilla. Build a contingency table that tracks the 

type of customer and type of ice cream. 

Solution 

Start by filling in the values we are given 

and then work from there. The table to 

the right shows what we are given in the 

initial problem. 

 

Our next step is to fill in the Adult/Chocolate space with 41, the Child/Total box with 

131, and the Total/Vanilla box with 78 by using subtraction. It is now easy to fill in the 

remaining boxes. For example, we can quickly determine that the Child/Chocolate box 

must be 146 – 41 = 105. You can verify that this table is correct by checking each row and 

column total. 

 Adult Child Total 

Vanilla 52 26 78 

Chocolate 41 105 146 

Total 93 131 224 

 Adult Child Total 

Vanilla 52   

Chocolate   146 

Total 93  224 
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Example 6 

A survey asked students which types of music they listen to? Students could select more than one type 

of music. Out of 200 students, 75 indicated they listened to pop music and 45 indicated they listened to 

country music with 22 students indicating that they listened to both. Use a Venn diagram to find the 

probability that a randomly selected student listens to pop music given that they listen country music. 

Solution 

Consider our Venn diagram below. First, fill in the “both” section with 22 students. We can now 

logically deduce how many students are left to fill up the Pop circle and the Country circle. Since 

we are given that they listen to country music we may only use the information that is in the 

Country circle. There are only 45 students that landed in this circle. Of the 45 students who listen 

to country music, 22 of them also listen to pop music or  
��

4�
≈ 0.49. 

 
 

  

Pop 

53 

Both 

22 

Country 

23 
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Problem Set 2.5 

Exercises 

1) The table below shows the counts of earned degrees for several colleges on the East Coast. The level 

of degree and the gender of the degree recipient were tracked. Row & Column totals are included. 

 Bachelor’s Master’s Professional Doctorate Total 

Female 542 128 26 18 714 

Male 438 165 38 20 661 

Total 980 293 64 38 1375 

a) What is the probability that a randomly selected degree recipient is a female? 

b) What is the probability that a randomly chosen degree recipient is a male? 

c) What is the probability that a randomly selected degree recipient is a woman, given that the 

degree recipient received a Master’s Degree? 

d) For a randomly selected degree recipient, what is P(Bachelor’s Degree|Male)? 

2) In poker, 5 cards are dealt to a player. One of the stronger poker hands is a flush. This means that 

all 5 cards are of the same suit, for example, all hearts. What is the probability of being dealt a 

flush? 

3) The table below shows the probability breakdown of ages and genders for the typical American 

college student. Each value in the table is given as a probability. For example, there is a 12% 

chance that a randomly selected college student will be a male between 25 and 34 years old. Copy 

the table into your homework, find row and column totals, and then answer the questions. 

 Age 14-17 Age 18-24 Age 25-34 Age >34 

Male 0.01 0.30 0.12 0.04 

Female 0.01 0.30 0.13 0.09 

a) What is the probability that a randomly selected American college student is female? 

b) What is the probability that a randomly selected American college student is female given that 

the student is more than 34 years old? 

c) What is the probability that a randomly selected college student is either a female or more 

than 34 years old? 

4) Suppose that 40% of adults like eating bananas while 60% like eating apples. Suppose also that 

32% of adults like eating both. What is the conditional probability that a randomly selected adult 

likes apples given that they like bananas? Use a Venn Diagram to answer this question. 
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5) Another good poker hand is called a straight. This means that your five 

cards will be numerically in order such as an 8, 9, 10, jack, and queen. 

The cards do not need to match suit in a straight. Suppose you receive 

the first four cards of a five card poker hand. You have 5♥, 7♦, 8♣, and 9♠. 

What is the probability that the next card will give you a straight? 

6) Suppose you receive the first four cards of a five card poker hand. You 

have 3♥, 4♦, 5♣, and 6♠. What is the probability that your next card will give you a straight? 

7) A statistics class has 18 juniors and 10 seniors in it. 6 of the seniors are females and 12 of the 

juniors are males. Build a contingency table to find the probability that a randomly selected student 

is: 

a) a junior or a female. 

b) a senior or a female. 

c) a junior or a senior. 

d) a female given that the student was a senior. 

8) At a used-book sale, there are 120 children’s books and 80 adult books available. 50 of the 

adult books are nonfiction while 40 of the children’s books are nonfiction. All other books are 

fiction. Build a contingency table to find the probability that a randomly selected book is: 

a) fiction. 

b) not a children’s nonfiction. 

c) an adult book or children’s nonfiction. 

d) a children’s book given that it was nonfiction. 

9) Animals on the endangered species list are given in the table below by type of animal and whether it 

is domestic or foreign to the United States. Copy the table into your homework, find row and 

column totals, and then answer the questions. 

 Mammals Birds Reptiles Amphibians 

United States 63 78 14 10 

Foreign 251 175 64 8 

An endangered animal is selected at random. What is the 

probability that it is: 

a) a bird found in the United States? 

b) foreign or a mammal? 

c) a bird given that it is found in the United States? 

d) a bird given that it is foreign? 
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10) Suppose a standard set of pool balls (1-8 are solid and 9-15 are striped) are in a bag. A single pool 

ball is picked out of the bag without replacement. 

a) Find the probability that the pool ball has an odd number if we know that it is solid. 

b) Find P(Striped|Even). 

11) Cable channels 6, 8, & 10 show quiz shows, comedies, & dramas. The table below shows the distributions 

of these shows. Copy the table, find row and column totals, and then answer the questions. 

 Channel 6 Channel 8 Channel 10 

Quiz Show 4 2 1 

Comedy 3 3 8 

Drama 4 5 1 

If a show is selected at random, find the probability that the show is: 

a) a quiz show or shown on Channel 8. 

b) a drama or a comedy. 

c) a comedy given that it is shown on Channel 8. 

d) shown on Channel 6 given that it is a drama. 

12) Suppose you receive your first three cards of a five card poker hand. You have 5♦, 6♦, 7♥. What is the 

probability that your next two cards will result with you having a straight? 

Review Exercises 

13) Suppose that 25% of all 9th graders have an unweighted GPA after their 9th grade year of 3.5 or 

higher. Also suppose that 60% of all 9th graders are involved in a sport at some time during their 

9th grade year. Assume that a student’s GPA and whether or not they are in a sport are 

independent of one another. Draw and label a tree diagram for this situation and build a 

probability model that summarizes the different probabilities possible for 9th grade students in 

regards to GPA and being in a sport. 

14) A special deck of cards contains only the face cards and aces from a standard deck of cards. 

a) If one card is dealt, what is the probability that the card is an ace? 

b) If one card is dealt, what is the probability that the card is a black ace? 

c) If two cards are dealt, what is the probability that both cards are face cards? 

15) Suppose for a moment that all months have exactly 30 days and the chance of you being born in 

any particular month is 
�

��
. What is the probability that neither of two randomly selected people 

will have been born in the same month as you? 

16) The standard California license plates made in 2011 or later must begin with a digit anywhere from 

6 to 9 followed by a letter anywhere from T to Z. They then have any two letters followed by any 

three digits. How many of these license plates are possible? 
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2.6 Chapter 2 Review 

Probability is a simple question of how likely it is for a particular 

outcome to occur. We always look to divide the number of 

favorable outcomes by the total number of outcomes. We 

cannot predict a specific outcome for a random event but the 

Law of Large Numbers allows us to make long term predictions 

of chance behavior. The rules of probability dictate that we pay 

attention to whether events are independent, outcomes are 

mutually exclusive, or whether replacement is used. We also must deal with conditional probabilities 

for situations in which a particular outcome is assumed to have occurred. To help organize situations, use 

Venn diagrams, tree diagrams, or contingency (2-way) tables. Having a clear understanding of situations 

and being organized when dealing with probability is critical to successful calculations. 

Review Exercises 

1) Suppose that 57 of 110 students at a school are underclassmen (freshmen or sophomores) while the 

rest of the students are upperclassmen (juniors or seniors). Suppose three students are selected at 

random. 

a) What is the probability that all three of the students are underclassmen? 

b) What is the probability that all three students are upperclassmen? 

c) What is the probability that there is at least one underclassman and at least one upperclassman 

in the group of three students? 

2) Two 6-sided dice are rolled, one after the other. Find each probability. 

a) P(total of 10 or more) 

b) P(doubles) 

c) P(total is even or total is less than 6) 

d) P(an odd product) 

e) P(first die is greater than second die) 

f) P(a 6 or a 3 is showing on at least one die) 

g) P(total is odd or at least one of the dice is a 2) 

3) A pet store surveys his customers during the day and finds that 15 customers own dogs and 9 own 

cats. Included in these were 4 customers who owned both. 

a) Draw a Venn diagram for this situation 

b) How many total customers were surveyed? 

c) Suppose one of these customers was selected at random. What is P(owned a dog)? 

d) Suppose one of these customers was selected at random. What is P(own a dog|own a cat)? 

e) Suppose one of these customers was selected at random. What is P(own a cat|own a dog)?  

https://bit.ly/probstatsUnit2 
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4) Suppose that 40% of all adults in a certain town are females and that 60% are males. In addition, 

60% of the females hold full-time jobs while 80% of the males hold full-time jobs. 

a) Draw and label a tree diagram to represent this situation. 

b) What is the chance that a randomly selected person holds a full-time job? 

5) For Halloween at my house, kids spin 

a spinner that has three equally 

marked spaces labeled 1, 2, and 3. 

The number they spin is the number 

of pieces of candy they get. In my 

bag, I start with 20 chocolate bars 

and 30 sugar bombs - all with 

identical packaging. Trick-or-Treaters 

pick randomly out of my bag after 

they spin. I only restock my candy 

bag after each child finishes picking 

all their candy. 

a) What is the chance that a trick-or-treater gets to pick three pieces of candy? 

b) Suppose a trick-or-treater spins a three.  What is the chance that they pick three sugar 

bombs? 

c) Suppose a trick-or-treater spins a three. What is the chance that they pick 3 chocolate bars? 

d) What is the chance that the trick-or-treater gets only one chocolate bar and nothing else? 

e) What is the chance that the trick-or-treater gets exactly one chocolate bar and one sugar 

bomb? 

6) Suppose the table below gives a breakdown of the ages and genders of the teachers at your school. Copy 

the table into your homework, find row and column totals, and then answer the questions. 

 Age ≤ 29 Age 30-39 Age 40-49 Age ≥≥≥≥ 50 

Male 5 6 18 7 

Female 7 7 13 4 

Find the probability that a randomly selected teacher is: 

a) a male. 

b) 39 years old or younger. 

c) either a male or at least 50 years old. 

d) from 30 to 39 years old given that they are a female. 

e) a female given that they are at least 40 years old. 
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7) The 2-way table shown below shows the number of different types of automobiles produced by 

major manufacturers. 

 GM Ford Chrysler Toyota 

Cars 14 11 12 7 

Trucks 8 9 5 6 

Vans 2 3 5 3 

What is the probability that a randomly selected vehicle is: 

a) a Ford? 

b) a truck? 

c) a van or a Toyota? 

d) a car given that the vehicle is built by GM? 

e) a Ford given that the vehicle is a truck?  

8) Two cards are dealt from a standard 52 card deck without replacement. What is the probability that 

neither of the two cards are face cards? 

9) A baseball player has a batting average of .250 which 

means that he averages one hit for every four times 

he comes to the plate. What is the probability that 

this player will end up with exactly 2 hits if he comes 

to the plate 3 times in a single game? 

10) Two bags have an assortment of marbles in them. The 

first bag contains 11 black, 12 white, and 7 gold 

marbles. The second bag contains 9 black and 11 

white marbles. One marble is randomly selected out 

of each bag. 

a) Draw a tree diagram to represent this situation. 

b) What is the probability that the two marbles are both black? 

c) What is the probability that the two marbles are the same color? 

11) A special deck of cards has exactly 8 cards that consist only of the aces and face cards that happen 

to be red. Two cards are dealt off the top of the deck. 

a) What is the probability that the two cards dealt are both kings? 

b) What is the probability that the two cards have different values? 

c) What is the probability that the two cards have the same value (two kings, two queens, etc…)? 

d) What is the probability that the two cards are the same suit? 
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12) A bag contains ten red cubes numbered 1 to 10 and five green cubes numbered 1 to 5. Two cubes 

are pulled from the bag at random without replacement. What is the probability that the cubes are: 

a) both red? 

b) both odd? 

c) the same color? 

d) the same value? 

13) For a carnival game, a bag contains one $100 bill and nine $20 bills. You roll a single 6-sided die one 

time. If you roll a one or two you get to pull one bill out of the bag. If you roll a three, four, five, or 

six, you get to pull two bills out of the bag. 

a) Draw a tree diagram for this situation. 

b) Build a probability model for this situation. 

c) What is the probability that you win exactly $120? 

14) A burglar alarm system has three separate detection mechanisms it uses to detect an intruder. 

Suppose a skilled burglar has a 30% chance to get around the first part of the detection system, a 

60% chance of getting around the second part of the system, and a 55% chance of getting around 

the third part of the system. Assume each part of the detection system is independent of the other 

parts of the system. 

a) What is the chance that the system does not detect the burglar? 

b) Based upon your answer to part a), what must be the chance that 

the system does detect the burglar? 

c) What is the chance that the burglar can get around exactly 2 of 

the 3 parts of the system? 

15) On a basketball team, players can play at least one of three 

positions; guard, forward, or center. Suppose that 30 girls try out for the basketball team. During 

tryouts 13 girls indicate they can play guard only, 3 state they can play center only, 6 state they can 

play center or forward and the rest state they can play forward only. A player is selected at random. 

a) Draw a Venn diagram for this situation. 

b) What is the probability that the randomly selected player says they can play forward? 

c) Given that the player indicates they can play forward, what is the probability they can also play 

center? 

16) A girl is deciding what jewelry to wear as she gets ready for school. She has 5 bracelets, 6 rings, and 

8 necklaces from which to choose. 

a) In how many ways can she choose exactly one of each item to wear from the 19 available 

items? 

b) If she decides to randomly select three pieces of jewelry, what is the probability that all three of 

the items she picks are exactly the same type of jewelry? 

c) What is the probability that she picks exactly one bracelet, one ring, and one necklace if she 

randomly selects three pieces of jewelry? 
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17) Your statistics teacher needs to select 3 students 

to help demonstrate an activity. Your class has 

12 sophomores, 19 juniors, and 5 seniors in it. 

Your teacher makes a random selection of three 

students. 

a) In how many ways can your teacher select 

three students from this class of 36 

students? 

b) What is the probability that all three 

students will be juniors? 

c) What is the probability that exactly one student from each grade will be selected? 

18) All football plays that an offense can run can be classified as a pass, run, or a kick. No play can ever 

be put into two categories. 

a) If an offense completes two plays, will these two plays be independent of each other? Why or 

why not? 

b) If the offense runs one play, are the possible outcomes (pass, run, or kick) mutually exclusive? 

Why or why not? 
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Appendices 

Appendix A – Tables 

Appendix A, Part 1 - Random Digit Table 
 

Line 101 19223 95034 05756 28713 96409 12531 42544 82853 

Line 102 73676 47150 99400 01927 27754 42648 82425 36290 

Line 103 45467 71709 77558 00095 32863 29485 82226 90056 

Line 104 52711 38889 93074 60227 40011 85848 48767 52573 

Line 105 95592 94007 69971 91481 60779 53791 17297 59335 

Line 106 68417 35013 15529 72765 85089 57067 50211 47487 

Line 107 82739 57890 20807 47511 81676 55300 94383 14893 

Line 108 60940 72024 17868 24943 61790 90656 87964 18883 

Line 109 36009 19365 15412 39638 85453 46816 83485 41979 

Line 110 38448 48789 18338 24697 39364 42006 76688 08708 

Line 111 81486 69487 60513 09297 00412 71238 27649 39950 

Line 112 59636 88804 04634 71197 19352 73089 84898 45785 

Line 113 62568 70206 40325 03699 71080 22553 11486 11776 

Line 114 45149 32992 75730 66280 03819 56202 02938 70915 

Line 115 61041 77684 94322 24709 73698 14526 31893 32592 

Line 116 14459 26056 31424 80371 65103 62253 50490 61181 

Line 117 38167 98532 62183 70632 23417 26185 41448 75532 

Line 118 73190 32533 04470 29669 84407 90785 65956 86382 

Line 119 95857 07118 87664 92099 58806 66979 98624 84826 

Line 120 35476 55972 39421 65850 04266 35435 43742 11937 
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Line 121 71487 09984 29077 14863 61683 47052 62224 51025 

Line 122 13873 81598 95052 90908 73592 75186 87136 95761 

Line 123 54580 81507 27102 56027 55892 33063 41842 81868 

Line 124 71035 09001 43367 49497 72719 96758 27611 91596 

Line 125 96746 12149 37823 71868 18442 35119 62103 39244 

Line 126 96927 19931 36089 74192 77567 88741 48409 41903 

Line 127 43909 99477 25330 64359 40085 16925 85117 36071 

Line 128 15689 14227 06565 14374 13352 49367 81982 87209 

Line 129 36759 58984 68288 22913 18638 54303 00795 08727 

Line 130 69051 64817 87174 09517 84534 06489 87201 97245 

Line 131 05007 16632 81194 14873 04197 85576 45195 96565 

Line 132 68732 55259 84292 08796 43165 93739 31685 97150 

Line 133 45740 41807 65561 33302 07051 93623 18132 09547 

Line 134 27816 78416 18329 21337 35213 37741 04312 68508 

Line 135 66925 55658 39100 78458 11206 19876 87151 31260 

Line 136 08421 44753 77377 28744 75592 08563 79140 92454 

Line 137 53645 66812 61421 47836 12609 15373 98481 14592 

Line 138 66831 68908 40772 21558 47781 33586 79177 06928 

Line 139 55588 99404 70708 41098 43563 56934 48394 51719 

Line 140 12975 13258 13048 45144 72321 81940 00360 02428 

Line 141 96767 35964 23822 96012 94591 65194 50842 53372 

Line 142 72829 50232 97892 63408 77919 44575 24870 04178 

Line 143 88565 42628 17797 49376 61762 16953 88604 12724 

Line 144 62964 88145 83083 69453 46109 59505 69680 00900 

Line 145 19687 12633 57857 95806 09931 02150 43163 58636 

Line 146 37609 59057 66967 83401 60705 02384 90597 93600 

Line 147 54973 86278 88737 74351 47500 84552 19909 67181 

Line 148 00694 05977 19664 65441 20903 62371 22725 53340 

Line 149 71546 05233 53946 68743 72460 27601 45403 88692 

Line 150 07511 88915 41267 16853 84569 79367 32337 03316 
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Appendix A, Part 2 – The Normal Distribution Table 

For z-scores with z less than or equal to zero 

Table 8.1 

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

-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 0.0170 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 0.0559

-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 0.3829

-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
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For z-scores with z greater than or equal to 0 
Table 8.2 

z 0.0 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
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Appendix A, Part 3 – A standard deck of 52 cards 
 

 

 

Black cards Red cards 

Clubs Spades Hearts Diamonds 

A ♣ A ♠ A ♥ A ♦ 

2 ♣ 2 ♠ 2 ♥ 2 ♦ 

3 ♣ 3 ♠ 3 ♥ 3 ♦ 

4 ♣ 4 ♠ 4 ♥ 4 ♦ 

5 ♣ 5 ♠ 5 ♥ 5 ♦ 

6 ♣ 6 ♠ 6 ♥ 6 ♦ 

7 ♣ 7 ♠ 7 ♥ 7 ♦ 

8 ♣ 8 ♠ 8 ♥ 8 ♦ 

9 ♣ 9 ♠ 9 ♥ 9 ♦ 

10 ♣ 10 ♠ 10 ♥ 10 ♦ 

Jack ♣ Jack ♠ Jack♥ Jack ♦ 

Queen ♣ Queen ♠ Queen ♥ Queen ♦ 

King ♣ King ♠ King ♥ King ♦ 
 

 

 

Appendix A, Part 4 - Results for the total of two 6-sided dice 
 

+ 1 2 3 4 5 6  + 1 2 3 4 5 6 

1 (1,1) (1,2) (1,3) (1,4) (1,5) (1,6)  1 2 3 4 5 6 7 

2 (2,1) (2,2) (2,3) (2,4) (2,5) (2,6)  2 3 4 5 6 7 8 

3 (3,1) (3,2) (3,3) (3,4) (3,5) (3,6)  3 4 5 6 7 8 9 

4 (4,1) (4,2) (4,3) (4,4) (4,5) (4,6)  4 5 6 7 8 9 10 

5 (5,1) (5,2) (5,3) (5,4) (5,5) (5,6)  5 6 7 8 9 10 11 

6 (6,1) (6,2) (6,3) (6,4) (6,5) (6,6)  6 7 8 9 10 11 12 
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Appendix B – Glossary and Index 

95% confidence statement – Page 120, Section 4.4 

A confidence statement is a summary statement of the findings of a study. All 

confidence statements have the form ‘We are 95% confident that the true 

proportion of (parameter of interest) will be between (low value of confidence 

interval) and (high value of confidence interval).’ 

Back to Back Stem Plots – Page 184, Section 5.6 

A stem plot in which two sets of numerical data share the stems in the middle, 

with one set having its leaves going to the right and the other set having its 

leaves going to the left. 

Bar Graph – Page 137, Section 5.1 

A graph in which each bar shows how frequently a given category occurs. The 

bars can go either horizontally or vertically. Bars should be of consistent width 

and need to be equally spaced apart. The categories may be placed in any order 

along the axis. 

Bias - Page 95, 103, Section 4.1, 4.2 

Bias occurs when a measurement repeatedly reports values that are either too 

high or too low. 

Bin Width 

See Class Size 

Bivariate Data - Page 200, Section 6.1 

Numerical data that measures two variables. 

Blind Study - Page 126, Section 4.5 

A study in which the subject does not know exactly what treatment they are 

getting. 

Block Design - Page 128, Section 4.5 

A study in which subjects are divided into distinct categories with certain 

characteristics (for example, males and females) before being randomly assigned 

treatments in an experiment. 
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Box Plot (Box and Whisker Plot) - Page 171, Section 5.5 

A display in which a numerical data set is divided into quarters. The ’box’ marks 

the middle 50% of the data and the ’whiskers’ mark the upper 25% and lower 

25% of the data. 

Categorical Variable - Page 93, 136, Section 4.1, 5.1 

Variables that can be put into categories, like favorite color, type of car you own, 

your sports jersey number, etc... 

Census - Page 97, 101, Section 4.1, 4.2 

A special type of study in which data is gathered from every single member of 

the population. 

Center - Page 147, 156, Section 5.2, 5.3 

Typically, it is the mean, median, or the mode of a data set. In a normal 

distribution curve the mean, median, and mode all mark the center. If a data set 

is skewed or has outliers, it is standard practice to use the median as the center.  

Chance Behavior - Page 26, Section 2.1 

Events whose outcomes are not predictable in the short term, but have long term 

predictability. 

Class Size (Bin Width) - Page 164, Section 5.4 

A consistent width that all bars on a histogram have. A quick estimation of a 

reasonable class size is to roughly divide the range by a value from about 7 to 10. 

Coincidence - Page 215, Section 6.2 

A relationship between two variables that simply occurs by chance. 

Combination - Page 15, Section 1.4 

An arrangement of a set of objects in which the order does not matter. 

!

!( ) !
n r

n
C

r n r

=
−

 

Common Response - Page 214, Section 6.2 

A situation in which two variables have a strong correlation but are actually 

responding to an additional lurking variable. 

Complement of an Event - Page 26, Section 2.1 

The probability of an event, ’A’, NOT occurring. It can be thought of the opposite 

of an event and can be notated as Ac or A’. P(A’) = 1 – P(A) 
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Compound Event - Page 33, Section 2.2 

An event with two or more steps such as drawing a card and then rolling a die. 

Conditional Probability - Page 54, Section 2.5 

The probability of a particular outcome happening assuming a certain 

prerequisite condition has already been met. A clue that a conditional 

probability is being considered is the word ‘given’ or the vertical bar symbol, |. 

Confidence Interval - Page 119, Section 4.4 

The range of answers included within the margin of error. Typically, we use a 

95% confidence interval meaning it is very likely (95% chance) that the 

parameter lies within this range. 

Confounding - Page 215, Section 6.2 

Occurs when two variables are related, but it is not a clear cause/effect 

relationship because there may be other variables that are influencing the 

observed effect. 

Context - Page 156, 204 Section 5.3 

The specific realities of the situation we are considering. We often consider the 

labels and units when defining the context. 

Contingency Table 

See Two-Way Table 

Control - Page 125, Section 4.5, 6.1 

A researcher in an experiment establishes control when one of the treatment 

groups receives either a placebo or the currently accepted treatment. 

Control Group - Page 125, Section 4.5 

A group in an experiment that does not receive the actual treatment, but rather 

receives a placebo or a known treatment. 

Convenience Sample - Page 106, Section 4.2 

A biased sampling method in which data is only gathered from those 

individuals who are easy to access or are conveniently located. 

Correlation (r) - Page 210-213, Section 6.2 

A statistic that is used to measure the strength and direction of a linear 

correlation whose values range from -1 to 1. The sign of the correlation (+/-) 

matches the sign of the slope of the regression equation. A correlation value of 0 

indicates no linear relationship whatsoever. 
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Data - Page 93, Section 4.1 

A collection of facts, measurements, or observations about a set of individuals. 

Density Curve - Page 236, Section 7.1 

A curve that gives a rough description of a distribution. The curve is smooth and 

always has an area equal to 1 or 100%. 

Direct Cause and Effect - Page 214, Section 6.2 

A situation in which one variable causes a specific effect to occur with no lurking 

variables. 

Direction - Page 210, Section 6.2 

One of three general results reported for a linear regression. It will be reported as 

either being positive, negative, or 0. 

Disjoint 

See Mutually Exclusive Events 

Dot Plot - Page 154, Section 5.3 

A simple display that places a dot above each marked value on the x-axis. There 

is a dot for each result, so results that occur more than once will be shown by 

stacked dots. 

Double Blind - Page 126, Section 4.5 

A study in which neither the person administering the treatments nor the subject 

knows which treatment is being given. 

Empirical Rule (68-95-99.7 Rule) - Page 238, Section 7.1 

A rule stating that in a normal distribution, 68% of the data is located within one 

standard deviation of the mean, 95% of the data is located within two standard 

deviations of the mean, and 99.7% of the data is located within three standard 

deviations of the mean. 

Event - Page 1, Section 1.1 

Any action from which a result will be recorded or measured. 

Expected Value - Page 67, Section 3.1 

The average result over the long run for an event if repeated a large number of 

times. 

Experiment - Page 97, 124, Section 4.1, 4.5 

A study in which the researchers impose a treatment on the subjects. 



 

 Appendix B – Glossary and Index 271 

Explanatory Variable - Page 125, 200, Section 4.5, 6.1 

The x-axis variable. It can often be viewed as the ’cause’ variable or the 

independent variable. 

Factorial - Page 7, Section 1.2 

A number followed by an exclamation point indicated repeated multiplication 

down to 1. For example, 4! = 4 × 3 × 2 × 1. 

Fair Game - Page 76, Section 3.2 

A game in which neither the player nor the house has an advantage. An average 

player over the long run will neither gain nor lose money. In other words, the 

expected value of the game is the same as the cost to play the game. 

Five-Number Summary - Page 171, Section 5.5 

A description of data that includes the minimum, first quartile, median, third 

quartile, and maximum numbers which can be used to create a box plot. 

Form - Page 204, Section 6.1 

A general description of the pattern in a scatterplot. Typical descriptions include 

linear, curved, or random (no specific form). 

Frequency Table - Page 137, Section 5.1 

A table that shows the number of occurrences in each category. 

Fundamental Counting Principle - Page 4, Section 1.2 

A rule that states that in order to find the number of outcomes for a multi-step 

event, simply multiply the number of possibilities from each step of the event. 

Histogram - Page 164, Section 5.4 

A special bar graph for a numerical data set. In a histogram, each bar has the 

same bin width and there is no space between consecutive bars. Each bar tracks 

the number or frequency of results in its given range. 

Independent Events - Page 33, Section 2.2 

Two events are independent if the outcome of one event does not change the 

probability for the outcome for the other event. 

Individual - Page 93, Section 4.1 

This is the person, animal, or object being studied. 

Interquartile Range (IQR) - Page 174, Section 5.5 

The distance between the lower and upper quartiles. IQR = Q3 - Q1 
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Instrument of Measurement - Page 94, Section 4.1 

This is the tool used to make measurements. Some examples of instruments 

include rulers, scales, thermometers, or speedometers. 

Intersection of Events - Page 42, Section 2.3 

In a Venn Diagram, it includes the results that are members of more than one 

group simultaneously. We use the symbol, ∩, to indicate the intersection and 

think of the intersection as those parts of the diagram that include both A and B. 

Law of Large Numbers - Page 26, 84, Section 2.1, 3.3 

A rule that states that we will eventually get closer to the theoretical probability 

as we greatly increase the number of times an event is repeated. 

Line Graph 

See Time Plot 

Lurking Variable - Page 124, 214, Section 4.5, 6.2 

An additional variable that was not taken into account in a particular situation. 

Margin of Error - Page 119, Section 4.4 

It is the distance we move above and below the mean to help establish a 95% 

confidence interval in which we believe the true parameter is located. An 

approximation for the margin of error for a 95% confidence interval is M.O.E 

= ±
�

√�
 where n represents the sample size. 

Mean (Average) - Page 147, 237, Section 5.2, 7.1 

The sum of all the numbers divided by the number of values in a data set. It is 

also located at the center of a normal distribution and is a good measure of 

center for symmetric data sets. 

Median - Page 147, Section 5.2 

The data result in the middle of a data list that has been organized from smallest 

to largest. If there are two middle data values, then the median is located 

halfway between those two values. Visually, it marks the spot where half of the 

area of a graph is below the median and half of the area is above the median. It is 

common to use the median as your measure of center for skewed data sets or 

data sets that contain outliers. 
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Mode - Page 147, Section 5.2 

The result that appears most frequently in a data set. It also occurs at the highest 

point of a density curve. 

Multistage Random Sample - Page 104, Section 4.2 

A sampling technique that uses randomly selected sub-groups of a population 

before random selection of individuals occurs. 

Mutually Exclusive Events (Disjoint) - Page 41, Section 2.3  

Outcomes that cannot occur at the same time. For example, if a single card is 

drawn from a standard deck, the outcomes of a diamond and a black card are 

mutually exclusive. 

Negative Linear Association - Page 205, Section 6.1 

A situation such that as one numerical variable increases, another numerical 

variable decreases. 

Non-Response - Page 108, Section 4.2 

A non-sampling error in which individuals selected for a study do not 

participate or do not answer questions in a survey. 

Normal Distribution Curve - Page 237, Section 7.1 

A bell-shaped curve that describes a symmetrical data set such that the most 

frequent results occur near the mean and results become less frequent as you 

move further from the mean. 

Numerical Variable - Page 93, Section 4.1 

A variable that can be assigned a numerical value, such as height, distance, or 

temperature. 

Observational Study - Page 97, 124, Section 4.1, 4.5 

A study in which researchers do not impose a treatment on the individuals being 

studied. Data is collected by observing the individuals, surveying the 

individuals, or collecting data from the individuals from information that is 

already available. (Observe but do not disturb) 

Outcome - Page 1, Section 1.1 

A possible result of an event. 

Outlier - Page 155, 178, 204, Section 5.3, 5.5, 6.1 

A value that is unusual when compared to the rest of a data set. High outliers 

will be greater than Q3 + 1.5 IQR. Low outliers will be below Q1 – 1.5 IQR. 
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Parallel Box Plots - Page 183, Section 5.6 

Multiple box plots graphed on the same axes to compare multiple data sets. 

Parameter - Page 111, Section 4.2 

A value that describes the truth about a population. The value is frequently 

unknown so a parameter is often given as a description of truth. 

Permutation - Page 10, Section 1.3 

A specific order or arrangement of a set of objects or items. In a permutation, the 

order in which the items are selected matters. 

Pictograph - Page 141, Section 5.1 

A bar graph that uses pictures instead of bars. These graphs can be misleading 

because pictures measure height and width, where bar graphs measure only 

height. To be effective, all the pictures used must be the same size. 

Pie chart - Page 139, Section 5.1 

A graph which shows each category as a part of the whole in a circle graph. Pie 

charts can be used if exactly 100% of the results from a particular situation are 

known. 

Placebo - Page 126, Section 4.5 

A fake treatment that is similar in appearance to the real treatment. 

Placebo Effect - Page 126, Section 4.5 

The placebo effect occurs when a subject starts to experience changes simply 

because they believe they are receiving a treatment. 

Population - Page 101, Section 4.2 

The entire group of individuals we are interested in. A population is often 

described using the word ‘all’. 

Positive Linear Association - Page 205, Section 6.1 

A situation in which as one numerical variable increases, the other numerical 

variable also increases. 

Prime Number - Page 42, Section 2.3 

A number that has exactly 2 factors. Remember, 1 is not a prime number! 

Probability - Page 26, Section 2.1 

The likelihood of a particular outcome occurring. 
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Probability Model - Page 49, Section 2.4 

A table that lists all the values for the outcomes of an event and their respective 

probabilities. The sum of all the probabilities in a probability model must  

equal 1. 

Processing Errors - Page 109, Section 4.2 

An error commonly made due to issues like poor calculations or inaccurate 

recording of results. 

Prospective Studies - Page 124, Section 4.5 

A study which follows up with study subjects in the future in an effort to see if 

there were any long-term effects.  

Quartile 1 - Page 172, Section 5.5 

The median of all the values to the left of the median. Do not include the median 

itself in this calculation if the median is one of the data points. 

Quartile 3 - Page 172, Section 5.5 

The median of all the values to the right of the median. Do not include the 

median itself in this calculation if the median is one of the data points. 

Random Digit Table - Pages 82, 114, Section 3.3, 4.3, Appendix A 

A long list of randomly chosen digits from 0 to 9, usually generated by computer 

software or calculators. A table of random digits can be found in Appendix A, 

Part 1. 

Random Event - Page 26, Section 2.1 

An event is random if it does not have short-term predictability but it has long-

term predictability. For example, a coin flip is a random event because we do not 

know what will happen on the next flip, but we can be reasonably sure that 

about 50% of a long series of flips will land on heads. 

Random Sampling Error - Page 107, Section 4.2 

Even though a sample is randomly selected, it is entirely possible that a 

particular result within the population will be over-represented causing us to be 

significantly different from the parameter. Larger sample sizes reduce random 

sampling error. The margin of error is stated with most studies to account for 

random sampling error. 

Range - Page 148, 174, Section 5.2, 5.5 

A basic description of how spread out a data set is. It is calculated by subtracting 

the smallest number from the largest number in a data set. 
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Reliability - Page 95, Section 4.1 

How consistently a particular measurement technique gives the same, or nearly 

the same measurement. 

Response Bias - Page 109, Section 4.2 

Occurs when an individual responds to a survey with an incorrect or untruthful 

answer. This type of bias can frequently happen when questions are potentially 

sensitive or embarrassing. 

Response Variable - Page 125, 200, Section 4.5, 6.1 

This is the y-axis variable. It can often be thought of as the ’effect’ variable or 

dependent variable. 

Retrospective Study - Page 124, Section 4.5 

A study in which information about a subject’s past is used in the study. 

Sample - Page 102, Section 4.2 

A representative subset of a population. 

Sample Space - Page 1, Section 1.1 

A list of all the possible outcomes that may occur. 

Sample Survey - Page 97, Section 4.1 

A survey that uses a subset of the population in order to try to make predictions 

about the entire population. 

Sampling Frame - Page 103, Section 4.2  

A list of all members of a population. 

Scatterplot - Page 200, Section 6.1 

Graphs that represent a relationship between two numerical variables where 

each data point is shown as a coordinate point on a scaled grid. 

SCOFD - Page 203-206, Section 6.1 

This is an acronym used for the description of a scatterplot and stands for 

Strength, Context, Outliers, Form, and Direction. 

Simple Random Sample (SRS) - Page 103, Section 4.2 

A sample where all possible groups of a particular size are equally possible. It 

can be thought of as putting names of all members of a population in a hat and 

randomly drawing until the desired sample size is reached. 
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Simulation - Page 82, Section 3.3 

A model of a real situation that can be used to make predictions about what 

might really happen. Often, tables of random digits are used to carry out 

simulations. 

Skewed Distribution - Page 155, 236, Section 5.3, 7.1 

A distribution in which the majority of the data is concentrated on one end of the 

distribution. Visually, there is a ’tail’ on the side with less data and this is the 

direction of the skew. 

SOCCS - Page 154-156, Section 5.3 

An acronym used to remember the key information to discuss for a distribution: 

Shape, Outliers, Center, Context, and Spread. 

Spread - Page 156, Section 5.3 

A way to measure variability of a data set. Common measures of spread are the 

range, standard deviation, and IQR. 

Standard Deviation - Page 174, 237, Section 5.5, 7.1 

A measure of spread relative to the mean of a data set. Use this measurement for 

any data set which is approximately normally distributed. 

Statistic - Page 111, Section 4.2 

A number that describes results from sample. This number is often a percentage 

and is used to make an approximation of the parameter. 

Stem Plot - Page 157, Section 5.3 

A method of organizing data that sorts the data in a visual fashion. The stem is 

made up of all the leading digits of a piece of data and the leaf is the final digit. 

No commas or decimal points should be used in a stem plot. 

Stratified Random Sample - Page 104, Section 4.2 

A sample in which the population is divided into distinct groups called strata 

before a random sample is chosen from each strata. 

Strength - Page 203, 210, Section 6.1, 6.2 

One of three measurements reported for a best-fit line that describes how close 

the data is to being perfectly linear. 

Subjects - Page 125, Section 4.5 

The individuals that are being studied in an experiment. 
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Symmetrical Distribution - Page 155, Section 5.3 

A distribution in which the left side of the distribution looks like a mirror image 

of the right side of the distribution. 

Systematic Random Sample - Page 104, Section 4.2 

A sampling method in which the first selection is made randomly and then a 

’system’ is used to make the remaining selections. For example, randomly select 

one person from a list and then select every 14th person after that. 

Theoretical Model - Page 26, 82 Section 2.1, 3.3 

A model that gives a picture of exactly the frequencies of what should happen in 

a situation involving probability. 

Theoretical Probability - Page 26, Section 2.1 

A mathematical calculation of the likelihood that a given outcome will occur. 

Time Plot (Line Graph) - Page 145, Section 5.2 

A graph that shows how a numerical variable changes over time. 

Tree Diagram - Page 2, 4, 48 Section 1.1, 1.2, 2.4 

A visual representation of a multi-step event where each successive step 

branches off from the previous step. 

Two-Way Table (Contingency Table) - Page 55, Section 2.5 

A table which tracks two characteristics from a set of individuals. For example, 

we might track gender and grade of all the students in your high school.  

Undercoverage - Page 107, Section 4.2 

A sampling error in which an entire group or groups of subjects are left out or 

underrepresented in a study. 

Union of Events - Page 41, Section 2.3 

A union includes all results that are in either one category, another category, or 

both categories in a Venn diagram. We use the symbol ∪ and can think of a union 

as anything belonging to either A, B, or both A and B. 

Validity - Page 95, Section 4.1 

A measurement technique is valid if it is a reasonable way to collect data. 

Variables - Page 93, Section 4.1 

Characteristics about the individuals in a study in which researchers might have 

interest. 
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Venn Diagrams - Page 29, 42, Section 2.1, 2.3 

Diagrams that represent outcomes or categories using intersecting circles. 

Voluntary Response Survey - Page 105, Section 4.2 

A biased sampling method in which participants get to choose whether or not to 

participate in the survey. The bias occurs because those who are most passionate 

about an issue will be more likely to respond. 

Wording of a Question - Page 108, Section 4.2 

The wording of a question can be used to manipulate individuals in a survey 

such that they are more likely to respond a certain way in the survey which 

causes bias. 

Z-Score - Page 245, Section 7.2 

A measure of the number of standard deviations a particular data point is away 

from the mean in a normal distribution. If a z-score is positive, the value is larger 

than the mean and if it is negative, it is less than the mean. 
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Appendix C – Calculator Help 
This appendix is not meant to be a full guide for calculators common to students who take 

this course. Rather, it is intended to highlight some of the locations to access a variety of 

commands commonly used on a TI-30XS Multiview Scientific Calculator and a TI-84 Plus 

Graphing Calculator. One online source that can be helpful for those of you with graphing 

calculator issues can be found on the Prentice Hall website at 

http://www.prenhall.com/divisions/esm/app/calc_v2/. 

   
Topic 1 - Combinations, Permutations, and Factorials 

 

TI-30 XS Multiview 

 

Access located in the prb menu. Enter the 

value for n, select nCr or nPr, and then enter 

the value for r. 

 

 

TI-84 Plus 

 

Access located in the Math, PRB menu. 

Enter the value for n, select nCr or nPr, and 

then enter the value for r

Topic 2 – Random Number Generators 
 

TI-30 XS Multiview 

 

Access located in the prb menu. Select rand, 

enter lowest value, enter highest value. 

 

 

TI-84 Plus 

 

Access located in the Math, PRB menu. 

Select RandInt, enter lowest value, enter 

highest value, enter number of random 

values desired.
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Topic 3 – Means and Standard Deviations 

TI-30 XS Multiview 

Enter data into L1 in the data menu. Press 

2nd data (stat) and select 1-Var Stats. Arrow 

down to find the mean, x , and the standard 

deviation, sx. 

 TI-84 Plus 

Enter data in L1 by selecting STAT and 

EDIT. Press STAT and CALC and then 

select 1-Var Stats. Arrow down to find the 

mean, x , and the standard deviation, Sx. 

Topic 4 – Correlations, Slopes, and Y-Intercepts 

TI-30 XS Multiview 

Enter data into L1 and L2 in the data menu. 

Press 2nd data (stat) and select 2-Var Stats 

for L1 and L2. Arrow down to find the slope 

(a), the y-intercept (b) and the correlation 

coefficient (r). 

TI-84 Plus 

Enter data in L1 and L2 by selecting STAT 

and EDIT. Press STAT and CALC and then 

select LinReg(ax+b). Be sure the Xlist and 

Ylist are L1 and L2. If you wish to store you 

equation into the Y= menu, press VARS, Y-

VARS, Function, and Y1. If the correlation 

(r) does not show up, go to 2nd CATALOG 

and select DiagnosticOn. 

Topic 5 – Normal Distributions 

TI-30 XS Multiview 

This calculator cannot perform normal 

distribution calculations. 

TI-84 Plus 

To find the percent of area in a normal 

curve, select 2nd DISTR and select 

normalcdf( . Enter the lower bound, upper 

bound, mean, and standard deviation. To 

find a value from a percentile in a normal 

distribution, select 2nd DISTR and select 

invNorm( . Enter the %tile, mean, and 

standard deviation.

Image References 

Random Digit Table   http://uwsp.edu/math 

Normal Distribution Table   http://www.regentsprep.org 

TI-30XS Multiview Calculator   http://education.ti.com 

TI-84 Plus Graphing Calculator   http://education.ti.com 
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Problem Set 2.1 

1a) 0.5 

1b) 0.23 

1c) 0.08 

1d) 0.08 

1e) 0.25 

1f) 0.02 

1g) 0.04 

1h) 0.75 

2a) 0 

2b) 0.25 

2c) 0.7 

3a) 0.17 

3b) 0 

3c) 0.5 

3d) 0.5 

3e) 0.33 

4a) 0.2 

4b) 0.8 

4c) 0 

4d) 1 

4e) 0.2 

5a) 0.32 

5b) 0.68 

5c) 0.03 

5d) 0 

5e) 0.97 

5f) 0.52 

6) 0.47

7a) 20% 

7b) 47%

 

7c) 49.7%

 

7d) Law of Large Numbers 

8a) Grid 

8b) 0.17 

8c) 0.17 

8d) 0.42 

9a) 9,240 

9b) 0.30 

9c) 0.70 

10a) 32,768 

10b) 
�

��,���

11a) 4,292,145 

11b) 
�

��,��	

11c) 0.13 

12) 165

13) 240

14) 7

15) 720

Problem Set 2.2 

1) Answers will vary.

2a) 0.25 

2b) 0.06 

2c) 0.01 

2d) 0.05 

3a) Independent 

3b) Not Independent 

3c) Not Independent 

3d) Not Independent 

3e) Independent 

3f) Not Independent 

3g) Not Independent 

4) 0.17

5a) 0.06 

5b) 0.24 

5c) 
�

���

6a) 
�

	,	�	

6b) 0.01 

6c) 0.12 

7a) 0.18 

7b) 0.02 

8a) 0.35 

8b) 0.15 

8c) 0.5 

9) 0.03

10) 0.46

11) 0.45

12) 0.57

13a) 0.75 

13b) 0.42 

14a) 0.03 

14b) 0.34 

15) 0.83

16) b, c, & d are random

17) 240

18) 137,632

19) Tree Diagram

Problem Set 2.3 

1) Answers will vary.

2) Answers will vary.

3) Answers will vary.

4a) Not Mutually Exclusive 

4b) Mutually Exclusive 

4c) Mutually Exclusive 

4d) Not Mutually Exclusive 

4e) Not Mutually Exclusive 

4f) Mutually Exclusive 

4g) Mutually Exclusive 

5a) Venn Diagram 

5b) 8 

5c) 32 

5d) 50 

5e) 110 

6a) Venn Diagram 

6b) 25% 

7a) Venn Diagram 

7b) Venn Diagram 

7c) Venn Diagram 

8) 40%

9a) 0.73 

9b) 0.73 

9c) 1 

9d) 0.2 

10a) 0.28 

10b) 0.07 

10c) 0.28 

11) 12

12) 0.05

13) 0.66

14) 0.13

15) 56

16) 665

Appendix D – Selected Answers 
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Problem Set 2.4 

1) P(RR)=0.22, P(RG)=0.5,

P(GG)=0.28 

2) 0.53

3) P($40)=0.44, P($60)=0.22,

P($200)=0.22, 

P($300)=0.11 

4) P(0)=0.02, P(1)=0.14,

P(2)=0.42, P(3)=0.42 

5)P(HD)=0.08,

P(HD’)=0.42,P(TD)=0.08, 

P(TD’)=0.42 

6a) 8 

6b) Each Probability = 0.125 

7) P(0)=0.22, P(1)=0.43,

P(2)=0.29, P(3)=0.06 

8) P(H2)=0.22, P(H3)=0.2,

P(D2)=0.27, P(D3)=0.31 

9)P(SS)=0.765, P(SF)=0.135,

P(FS)=0.085, P(FF)=0.015 

10) 0.62

11a) 0.49 

11b) 0 

12) 15,600

13) 17,576

14) 5%

Problem Set 2.5 

1a) 0.52 

1b) 0.48 

1c) 0.44 

1d) 0.66 

2) 0.002

3a) 0.53 

3b) 0.69 

3c) 0.57 

4) 0.8

5) 0.08

6) 0.17

7a) 0.86 

7b) 0.57 

7c) 1 

7d) 0.6 

8a) 0.55 

8b) 0.8 

8c) 0.6 

8d) 0.44 

9a) 0.12 

9b) 0.85 

9c) 0.47 

9d) 0.35 

10a) 0.5 

10b) 0.43 

11a) 0.48 

11b) 0.77 

11c) 0.3 

11d) 0.4 

12) 0.04

13) P(High, Sport) = 0.15,

P(High, Sport’) = 0.10, 

P(High’, Sport) = 0.45, 

P(High’, Sport’) = 0.30 

14a) 0.25 

14b) 0.125 

14c) 0.55 

15) 0.84

16) 18,928,000

Chapter 2 Review 

1a) 0.14 

1b) 0.11 

1c) 0.76 

2a) 0.17 

2b) 0.17 

2c) 0.67 

2d) 0.25 

2e) 0.42 

2f) 0.56 

2g) 0.64 

3a) Venn Diagram 

3b) 20 

3c) 0.75 

3d) 0.44 

3e) 0.27 

4a) Tree Diagram 

4b) 0.72 

5a) 0.33 

5b) 0.21 

5c) 0.06 

5d) 0.13 

5e) 0.16 

6a) 0.54 

6b) 0.37 

6c) 0.6 

6d) 0.23 

6e) 0.4 

7a) 0.27 

7b) 0.33 

7c) 0.31 

7d) 0.58 

7e) 0.32 

8) 0.59

9) 0.14

10a) Tree Diagram 

10b) 0.17 

10c) 0.39 

11a) 0.04 

11b) 0.86 

11c) 0.14 

11d) 0.43 

12a) 0.43 

12b) 0.27 

12c) 0.52 

12d) 0.05 

13a) Tree Diagram 

13b) Probability Model 

13c) 0.13 

14a) 0.10 

14b) 0.90 

14c) 0.38 

15a) Venn Diagram 

15b) 0.47 

15c) 0.43 

16a) 240 

16b) 0.09 

16c) 0.25 

17a) 7,140 

17b) 0.14 

17c) 0.16 

18a) No 

18b) Yes 


	Ch2-Calculating Probabilities
	2.1 Calculating Basic Probabilities
	2.2 Compound and Independent Events
	2.3 Mutually Exclusive Events
	2.4 Tree Diagrams and Probability Models
	2.5 Conditional Probabilities and 2-Way Tables
	2.6 Chapter 2 Review

	App.A-Random Digit Table
	App.A-Normal Dist. Table
	App.A-Standard Deck of 52 Cards
	App.A-Two 6-sided Dice
	App.B-Glossary and Index
	App.C-Calculator Help
	App.D-Ch2 Selected Answers



