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Statistics — Ch 6.3 Notes Name:
Binomial and Geometric Random Variables

In the 2005 Conference USA basketball tournament, Memphis trailed Louisville by two points. At
the buzzer, Memphis’s Darius Washington attempted a 3-pointer; he missed but was fouled,
and went to the line for three free throws. Each made free throw is worth 1 point. Was it smart
to foul?
a) Darius Washington was a 72% free-throw shooter. Find the probability that Memphis
will win, lose or go to overtime.

Win Lose Overtime
maKes all 3 misses all 3 of makes 1 MaKes
N XXX £ XXV 4+ XX + VX V% + Vxv +x/,/
(1977 HEDRIELIAXWET) AAW

= 3(22)(28)

L (28)+ 3(38)( 2)

=(0.191196)

b) Washington is a 40% 3-point shooter. Do you think Louisville was smart to foul? Why or
why not?
inbe ® The Chance of bsing in fequlaten +Hme ?oes clouf\/ byt
‘H«e,ta/ Maa lose ian overd+ivne,

1. Determine whether the conditions for using a binomial random variable are met.

If we define X = The number of free throws made in 3 shots, then we may call this a binomial
random variable.

A binomial setting arises when we perform several independent trials of the same chance process
and record the number of times that a particular outcome occurs. The four conditions for a binomial
setting are:

o 63 narfuy The possible outcomes of each trial can be classified as “success” or “failure.”

. -Iho(e,‘pef\({anﬁrials must be independent; that is, knowing the result of one trial must not tell us
anything about the result of any other trial.

) A/um Vye C The number of trials n of the chance process must be fixed in advance.

o SVCC@ sS There is the same probability p of success on each trial.

The count X of successes in a binomial setting is a binomial random variable. The probability
distribution of X is a binomial distribution with parameters n and p, where n is the number of trials of
the chance process and p is the probability of a success on any one trial. The possible values of X are
the whole numbers from 0 to n.
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2. Compute and interpret probabilities involving binomial distributions
a) The probability of Memphis winning would be: P(X = 3)

P(x=3) = | (m)g(%fff

b) The probablllty of Memph|s Gomgto Overtime would be: P(X = 2)
P(x=2)= 1) (48
(x=3)= ( 5( ) C 043545, —k b]ﬂoMpg$(3,.71,;)

= S(U)C;S) =0 435456
c) The probability of Memphis Losing would be: P(X = 1 or X = 0)
oA o b]noMCJ-F(S, X, |)

P(x&l) = P(x=1) + P(x=0)
=(3) (7 (a8 +(28) < 0.191290

= 0.09] 26 (X 5/ WP (n—

Binomial Probabilities:
#of trials Prolos’ {,Jna oF a Success

# of SUCC€SS€S
:r\oymal Coe:mo{ﬁ“'

d) Complete the probability model and create a histogram to display the binomial

distribution. Wt T
X 0 1 2 3 4\\ 'i T
POX) |03 | 1% | 436 | 377 &
O{ ¢ L3 * &

# oF Cree thaous ma

Independent Practice

1. Determine whether or not the given random variable has a binomial distribution. Justify

your answer.

a) Genetics says that children receive genes from each of their parents independently
Each child of a particular set of parents has probability of 0.25 of having type O blood
type. Suppose these parents have 5 children. Let X = the number of children with type

O blood.
VR - Svwess ”Tape, 0" and Smilure “pot type O
an 965 Know ng one child$ lolood 4‘\3{)& tells vs yno‘/’k%a aboit oansther childs plyod +3fQ

V- N=5 ;T trials
V'S = Prybab /43, &£~ Seuess is Pe same fic each trial | Pe 095
b) Shuffle a deck of cards. Turn the first 10 cards over/one at atime. LetY =the number
of aces you observe. x vV K
Mo b/L trials alfe not W\&Pe"den‘k BinS S
]: I'F ‘H"L 'pr$+ CﬁvrA 'S oan A-&I +L‘Q’\ "LI’\L VIC?(‘)L Cﬂ»‘rd S "CSS /HEQ’?/ +D b’( one
— P— ; bu'{’ 4‘ 7S M0+ 7%3 SAMC ‘Q‘( eﬁCL\ +Ff\(
Shuffle a deck of cards. Turn over the top card. Put the car back in the deck, and shuffle
again. Repeat this process until you get an ace. Let W = the number of cards required.

VAV 4
B 1N S
N - no 5€+ V!w«be(‘ oF +m\ls

C)
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2. Each child of a pair of parents has probability 0.25 of having type O blood. Genetics says that
children receive genes from each of their parents independently. If these parents have 5
children, the count X of children with type O blood is a binomial random variable withn=5
trials and probability p = 0.25 of a success on each trial. In this setting, a child with type O
blood is a ”success" (S) and a child with another blood type is a “failure” (F).

a) FindP(X =

P(x=2)=10 (o 25) (0. 75) pinompdP (5, 27, 2)

. 0 143 oA = 0.263

b) Find the probability that exactly 3 of tre children have type O blood.

p(x=3) = [ ] (09 () binom pdf( 5, -35, 3)
(’(X53> [0 (?«7)(4753 of - 0.0%784

c) Should the parents be surprised if more than 3 of their children have type O blood? To

answer this, we need to find P(X > 3). —
oR l ..\()Mow\(A‘Ccﬁ)'aE/ 3}

05 POty - 13=9)

(o;tb)(ms) + J(()’ﬁ') (a7b>
[j ] 1 (o 2€> (0. 75>

\\}

"

= (§.015635

5 (035) 075+

Binomial Probaility on a Calculator

*  We can also use the calculator to find these probabilities.
e Binompdf(n,p,x) computes P(X = x)
e Binomcdf(n,p,x) computes P(X < x)

Key Strokes NORMAL FLOAT AUTO REAL RADIAN CL [
e 2"VARS
e Binompdf(
e Binomcdf(

What if we want to find P(X > x)?
Use the complement rule: 1 — P(X < x)
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3. Calculate the mean and standard deviation of a binomial random variable. Interpret these
values in context.

4. When appropriate, use the Normal approximation to the binomial distribution to calculate
probabilities.

In 2013 Skittles changed the flavor of green from lime to sour apple. Mr. McGee takes a small
handful of 5 Skittles from a bin of 10,000 Skittles and gets ALL GREEN. If 20% of the Skittles are
green, what is the probability of this happening?
1. Is this a binomial setting? Explain.
SR~ Syuess = ?reu\ jfail = not gren
vV N - Sg“’ y\uv»\\/}cr d'P +r70\,'S 1§ 5
X S = Probabily of a sudess Changes

2. Find the probability of getting 5 green Skittles if this is NOT a binomial setting. Think
P(1%t green AND 2" green AND 3™ green...).

_ 2000 1,29 1498 (497 146 00219
Pall gren)= S0« qaaq * 3945 " qaa7 4446

3. Find the probability of getting 5 green Skittles if this were a binomial setting.

P(x=5) =gcg (310)((.80)"= 0.0003*°

4. How do your answers from #2 and #3 compare? Why do you think this is?
Almsst+ the Same. The prbb@lﬂ?,phﬂs Change So litfle hecavse
the Saimple 75 Small reltve fo the ‘ae(u(uﬁon.

10% Condition = Independence
When the population is much larger than the sample, a count of successes in an SRS of size n has
approximately the binomial distribution with n equal to the sample size and p equal to the
proportion of successes in the population.

=500
10 % Condition 5 ('O)

When taking an SRS of size n from a population of size N, we can use a binomial distribution to model the

count of successes in the sample if

n= Saw\{)l&. N = PoPulaJﬁom

¥ n=5"is less than 0% oF 10,000. %
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Mean and Standard Deviation of Binomial Distributions

If a count X has the binomial distribution with number of trials n and probability of success p, the
mean and standard deviation of X are

Wy =np

Oy =4/np(1-p)

Mr. McGee now grabs a huge handful of 100 Skittles from the large bin of 10,000 Skittles. Let
X = number of green Skittles in a handful of 100 Skittles. X can be considered a binomial
random variable because the 10% condition is satisfied.

1. Calculate the mean and standard deviation of X.

/MX: 100(29) & = [100(3)(5)
& =%

A = 20
x
2. What is the probability of getting at most 11 green Skittles?

P(x& 1) = binamedf (100,30, 1)
- O‘Ola\b 0.08

0.07
0.06

0.05

3. What do you think the shape of the distribution would be?
0.04

NON"\al b/L, NONV\(Al (L”‘FQL COU/‘+S> (D‘AJH\]OY\ 0.03 -

lo0(3) = 30 —Both successes and foilules oot
oo (&)= 80 are %rea‘l-er‘ than ten. 00073

4. Redo problem #2 above with a normal distribution and compare your answers.

Ve

= ho(ma/LJ-C(‘OOI I, d0, L(')

777711/ = 0.01 7%

I 20

Normal Condition (Large Counts):

As a rule of thumb, we will use the Normal approximation when n is so large that
np 210 and n(1-p) 2 10.

That is, the expected number of successes and failures are both at least 10.
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Independent Practice:
In a survey of 500 U.S. teenagers aged 14 to 18, subjects were asked a variety of questions
about personal finance. One of the questions asked whether teens had a debit card. Suppose
that exactly 12% of teens aged 140 to 18 have debit cards. Let X = the number of teensin a
random sample of size 500 who have a debit card.
a) Explain why X can be modeled by a binomial distribution even though the sample was

selected without replacement? _

500 (10) = 5000 - s sale + assyme the afe rofe than 5000 14 4o (

Yoo ods in the {)opula‘lﬁ"o/\.

Even thagh trials afend il\({zp-e/\dl/l""' 500 is lesS thaa 109 oF
the poPula-Hon‘

b) Use a binomial distribution to estimate the probability that 50 or fewer teens in the sample
have debit cards.

b;‘nomaaldp(&’ool A%, 50)= 0.043

c) Justify why X can be approximated by a Normal distribution.
560(2) = 60 (0 Large (ownts (ndition was met.
500 (. 85) = 440 2 10

d) Use a Normal distribution to estimate the probability that 50 or fewer teens in the sample
have debit cards.

U = 50042 & = [500(1(58)

,ax:éo & = 7‘9)7

X

N (60,2.27)

(Co{ac(-w/ 50, o, 7.37)

= narrma

= 0.0843%38




