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Combinations can be used to answer probability questions as long as we
remember that for equally likely outcomes, the probability of an event is the

ratio of the number of outcomes in the event to the number of outcomes in -

the sample space.

EXAMPLE

Review Exercises
e e e T T e

FREE-RESPONSE QUESTIONS
Open-Ended Questions

1. If a young man owns 5 pairs of pants, 7 shirts,
and 4 pairs of shoes, how many outfits can he
assemble that consist of 1 pair of pants, 1 shirt,
and 1 pair of shoes?

2. If an automobile license plate must consist of
three letters followed by three single-digit
numbers, how many different license plates are
possible? Remember that numbers and letters
could be duplicated.

3. If a combination lock has a three-number com-
bination and the wheel on the lock allows any
number from 0 to 40, how many different com-
binations are possible? (Assume that numbers
can repeat.)

4. How many four-digit numbers have both the
hundreds and units digits even?

5. How many ways can we arrange a row of eight

seats consisting of four girls followed by four
boys?

112 Chapter Five

7. Do you notice the patterns of the pairs in ques-
tion 67 Equate each combination listed below to
an equivalent combination form.

. (100) _
"\ 96

250\ _ .
e (247) -

-)-

8. a. How many ways can a committee of 4 peo-
ple be chosen from a club of 10 members?
b. How many ways can a president, vice-presi-
dent, secretary, and treasurer be chosen from
a club of 10 members? '




Combinations can be used to answer probability questions as long as we
remember that for equally likely outcomes, the probability of an event is the
ratio of the number of outcomes in the event to the number of outcomes in

the sample space.

EXAMPLE 6

Review Exercises
b o e e SR e BT T

FREE-RESPONSE QUESTIONS
Open-Ended Questions

1. If a young man owns 5 pairs of pants, 7 shirts,
and 4 pairs of shoes, how many outfits can he
assemble that consist of 1 pair of pants, 1 shirt
and 1 pair of shoes?

4

2. If an automobile license plate must consist of
three letters followed by three single-digit
numbers, how many different license plates are
possible? Remember that numbers and letters
could be duplicated.

3. If a combination lock has a three-number com-
bination and the wheel on the lock allows any
number from 0 to 40, how many different com-

binations are possible? (Assume that numbers
can repeat.)

4. How many four-digit numbers have both the
hundreds and units digits even?

5. How many ways can we arrange a row of eight

seats consisting of four girls followed by four
boys?

112 Chapter Five

6. Calculate each and verify with your calculator.

7. Do you notice the patterns of the pairs in ques-

tion 67 Equate each combination listed below to
an equivalent combination form.

. (1oo)=

196
250\ _

b. (247) -

“ o)~

8. a. How many ways can a committee of 4 peo-

ple be chosen from a club of 10 members?

b. How many ways can a president, vice-presi-
dent, secretary, and treasurer be chosen from
a club of 10 members?
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Technology Note: Many scientific calculators have the capability of calcu-
Jating permutations directly. The TI-83/84 calculators have the command nPr
on the MATH PRB menu. Calculation of combinations can be accomplished
by formula or by using the calculator: on the TI-83/84 calculators, the com-
mand nCr is found on the MATH PRB menu as well. B

Combinations can be used when dealing with situations that involve more
than one choice or event.

EXAMPLE 5 .

Anticipating Patterns: Producing Models Using Probability and Simulation 111

T




Technology Note: Many scientific calculators have the capability of calcu-
lating permutations directly. The TI-83/84 calculators have the command nPr
on the MATH PRB menu. Calculation of combinations can be accomplished
by formula or by using the calculator: on the TI-83/84 calculators, the com-
mand nCr is found on the MATH PRB menu as well. &

Combinations can be used when dealing with situations that involve more
than one choice or event. i

Anticipating Patterns: Producing Models Using Probability and Simulation 111




Permutations

Combinations

110 Chapter Five

EXAMPLE 2

A permutation of a set of objects is an arrangement of some or all of the objects
in a specified order: the'arrangements of r objects from a set of n objects are
called the permutations of # objects taken r at a time.

For permutations, the order of the objects is of critical importance. For exam-
ple, ABC is a different permutation from BAC.

Permutations can be calculated either by applying the Fundamental
Counting Principle or by using a special formula. The formula for the number:
of permutations of n objects taken r at a time is

n!
P, =———— wheren=r.
mr m=nl

: !
Note that for n objects taken 1 at a time, , P, = T =l since 0! = 1.

A combination of a set of objects is'a selection of certain of these objects with
no regard to order. The sets of r objects from a collection of n objects for which
the order of the objects selected is of no importance are called the combinations
of n objects taken r at a time. The formula for combinations, or “n choose r,” is

n n!
= = e—— >
. & ( r) T—E wheren 2 7.

You should note that this is very similar to the formula for permutations. In
fact,

_(n _nPr
ncr“(r)“'T

Note that ,C, = 1.
By examining the formula above, you can see that the number of combina-
tions is always less than the corresponding number of permutations by a factor

of %, that is, the reciprocal of the number of arrangements of the r items
selected.



Permutations A permutation of a set of objects is an arrangement of some or all of the objects

Combinations

Chapter Five

in a specified order: the arrangements of 7 objects from a set of n objects are
called the permutations of n objects taken r at a time.

For permutations, the order of the objects is of critical importance. For exam-
ple, ABC is a different permutation from BAC.

Permutations can be calculated either by applying the Fundamental
Counting Principle or by using a special formula. The formula for the number
of permutations of 1 objects taken r at a time is

n!

P, =———— wheren=>r.
ron=r)

1
— =nlsince Q! =1.

Note that for n objects taken # at a time, , P, = g,

XAMPLE 2
e S S R T

. *.‘% 3

A combination of a set of objects is a selection of certain of these objects with
no regard to order. The sets of r objects from a collection of 7 objects for which
the order of the objects selected is of no importance are called the combinations
of n objects taken r at a time. The formula for combinations, or “n choose r,” is

= = ———— wheren=r.
LU ri(n — )’

You should note that this is very similar to the formula for permutations. In
fact,

_ ("M _ P
"C'—(r)_ 7l

Note that ,C, = 1. ’
By examining the formula above, you can see that the number of combina-
tions is always less than the corresponding number of permutations by a factor

of L that is, the reciprocal of the number of arrangements of the r items

selected.
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False Positives and Drug Testing

Many employers require prospective employees to take a drug test. A positive result on this test
indicates that the prospective employee uses illegal drugs. However, not all people who test
positive actually use drugs. Suppose that 4% of prospective employees use drugs, the false
positive rate is 5%, and the false negative rate is 10%. Select one prospective employee at

random. :
(a) Would it be better to use a tree diagram or a two-way table to summarize this chance

process?

(b) What percent of prospective employees will test positive?

%

(c) What percent of prospective employees who test positive actually use illegal drugs? /

\

Josh Tabor joshtabor@hotmail.com 7




-~ Gender and Handedness
\ Using the random sampler at www.amstat.org/CensusAtSchool, 20 high Gender | Handed
school students were selected. The gender and handedness of each student Female | -Right
is listed in the data table to the right. : Male—Right
Femate—-Right
(a) Create a two-way table to summarize these data. How is a two-way Male —-Right
table different than a data table? Male—Right.
Male | Right—
{ F / M) Female—| Right—
Eemate—Left-
R / g / 7‘ [ / W Mate— | Loft
o Female-{-Right™
2 , _? Female—{-Right—
L ) Femate—FLeft—
l l Male—1 "R‘:Ight
Choose one of these stuc!ents at random. mt:g::::\
(b) What is the probability that the student is female and right-handed? Mate—IRi gght
Male—|Right
- Female—-Right-

‘}’."
20 S
(c) What is the probability that the student is female or right-handed?

__I._Q‘)—'-l'ﬁ: 19
20 20 20 5D

(d) Given that the student is female, what is the probability that she is right-handed?

o)
17

() Are “selecting a female” and “selecting a right-hander” independent events? Justify.

t(F) = PCFL R

{0
20 7 r""%’
not indegendesct

Josh Tabor joshtabor@hotmail.com 5
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Tree Diagrams, the General Multiplication Rule, and Independence (S-CP.1, 2, 8)

Serve It Up!

Tennis great Roger Federer made 63% of his first serves in the 2011 season. When Federer made
his first serve, he won 78% of the points. When Federer missed his first serve and had to serve
again, he won only 57% of the points. Suppose we randomly choose a point on which Federer
served.

(a) Display this chance process with a tree diagram.

25, wen

'), ;
%’mw&a e \ﬂ\L\os ¥
mm"u;@s serg. 2 wony

L’f\al\\csi

(b) What is the probability that Federer makes his first serve and wins the point?

b 63 x0. % -04TIY

(c) What is the General Multiplication Rule? What if the two events are mdependent‘7

PCA ond BY = P(A) PCBIA
P(A and 8) = PLAYL(R) 1f independint

(d) Whaégthe probabsty that Federer wins the point?

(0 +(0-31x0.51) © 01025

(e) Given that Federer won the point, what is the p babil'ity hat he missed his first serve?

)71023 x 0.31

Josh Tabor joshtabor@hotmail.com 6



Two-Way Tables and the General Addition Rule (S-CP.1, 4, 7)

Free Tacos!
In 2012, fans at Arizona Diamondbacks home games would win 3 free tacos from Taco Bell if
the Diamondbacks scored 6 or more runs. In the 2012 season, the Diamondbacks won 41 of
their 81 home games and gave away free tacos in 30 of their 81 home games. In 26 of the
games, the Diamondbacks won and gave away free tacos. Let W = win and T = free tacos.
Choose a Diamondbacks home game at random.

(a) Summarize these data in a two-way table.

|~ g L] rer
T | 24 4 30
np | 1S 30 51
ot L4140 [ gl

(b) What is the probability that the D-backs win?
4\
/
gl

(c) What is the probability that there are free tacos?
70
&1

(d) What is the probability that the D-backs win and there are free tacos?
26

(e) What is the probablhty 2
4] , 30 _ 2 :

.

st & &

eD Mere are free tacos?

5/

/

(f) What is the General Addition Rule?

Ao B - PLASY PLB) — P Aandp)

A

Josh Tabor joshtabor@hotmail.com 3



Conditional probability and independence (S-CP.3-6)

More Tacos!

Win | Loss | Total
Tacos! 26 4 30
No tacos | 15 36 51
Total 41 | 40 81

(2) What is the probability that there are free tacos, given that the D-backs won the game?
26
4]

(h) What is the probability that the D-backs win the game, given that there were free tacos?

26
30

(i) What is a conditional probability? What notation do we use? Is there a formula?

conditiongh propabilify is rhe event ot .
SOYY\QWL\V\% na ()@m NG jgv»gr\v o oringr cortchiion
P(g P A): ‘?‘(Db&&)&! Vv “b{ 8 6(\(6\(\ A
PLA aB) = PLAD + P(B %R and B
P(A aund B) PR F(BIA

(3) When are two events independent? Are the events “D-backs win” and “Free tacos”
independent? Justify.

pobakilrEs oty affected byl otier evevih

)7 PO TAWS )

Josh Tabor
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| Josh Tabor
Canyon del Oro High School
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**Materials adapted from Statistical Reasoning in Sports, by Josh Tabor and Christine Franklin, The
Practice of Statistics, 5" edition, by Starnes, Tabor, Yates, and Moore, and The Annotated Teacher's
Edition for TPS Se, by Josh Tabor. All are published by W.H. Freeman.



From the Common Core State Standards

Conditional Probability and the Rules of Probability (S-CP)

Understand independence and conditional probability and use them to interpret data
1. Describe events as subsets of a sample space (the set of outcomes) using characteristics
(or categories) of the outcomes, or as unions, intersections, or complements of other
events (“or,” “and,” “not”).
2. Understand that two events 4 and B are independent if the probability of 4 and B
occurring together is the product of their probabilities, and use this characterization to
determine if they are independent.
3. Understand the conditional probability of 4 given Bas P(4 and B)/P(B) and interpret
independence of 4 and B as saying that the conditional probability of 4 given B is the
same as the probability of 4, and the conditional probability of B given 4 is the same as
the probability of B.
4. Construct and interpret two-way frequency tables of data when two categories are
associated with each object being classified. Use the two-way table as a sample space to
decide if events are independent and to approximate conditional probabilities.
5. Recognize and explain the concepts of conditional probability and 1ndependence in
everyday language and everyday situations.

Use the rules of probability to compute probabilities of compound events in a uniform

probability model
6. Find the conditional probability of A given B as the fraction of B’s outcomes that also
belong to 4, and interpret the answer in terms of the model.
7. Apply the Addition Rule, P(A or B) =P(A) + P(B) - P(A and B), and interpret the
answer in terms of the model.
(+) 8. Apply the general Multiplication Rule in a uniform probability model, P(A and B)
= P(A)P(B|A) = P(B)P(A|B), and interpret the answer in terms of the model.
(+) 9. Use permutations and combinations to compute probabilities of compound events
and solve problems.

A}

Josh Tabor joshtabor@hotmail.com 2
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