Prob/Stat/Discrete Name
Unit 6 Guided Notes .

6.1: Introduction to Normal Distributions

Objectives
1. Can you interpret graphs of normal probability distributions?

2. Can you create diagrams of a standard normal curve?
3. Can you find areas under the standard normal curve?
4. Can you use technology to find areas when given a z-score?

. ; s s 4 "
What is normal? Human behavior and characteristics often follow a Vlorwqu pattern, where
a large number of people have similar behavior in the center, and a smaller number of people have
NAAS U behavior.

® In}u@rfg £ bu<iqess © lifebme of fl/, lwus‘,/r Co.S“f;
® Animals, chemicals, physical properties often demonstrate normal behavior.
® Consider the heights of adult females... @ (o}s have Similar height (a ceat r

sweler ¥ sre L/erj Falf or :/aj shord
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Normal Distribution 395y
® A continuous probability distribution for a random variable, x.
@ The most co»n w071 continuous probability distribution in statistics.

@ The graph of a normal distribution is called the  p orrn culr Vv €—

Properties of Normal Distribution

The mean, median, and mode are the SAWME value.

The normal curve is bell-shaped and Sy m efric about the mean (p).

The total area under the curve is equal to "/ .

The normal curve approaches but never touches the x-axis as it extends farther and farther away

from the mean.

B

more on next page...
Total area =1
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Properties of Normal Distributions, continued... /p &
\ 5. Between p—o and p + o (in the center of the curve), the graph curves WA WAF
@ The graph then curves [ a W) Aafl to the left of p — o and to the right of p + o.

The points at which the curje changes from curving upward to curving downward are called
the 14¥ lecHen oo'/r‘"g

Infl/egtion points

U -30

Means and Standard Deviations
® A normal distribution can have any _ ¥ 74/ and any positive S %a Vl& a r£

Adeviation
® The pwje@an  gives the location of the line of symmetry.
® The standard deviation describes the S 'p rea of the data.
6 Indlection
poists 4
5,

0]1!45!7:
M=1.5
c=0.7

01234567
M=3.5
c=1.5

Examples:
1) Which curve has the larger mean? /4' .

2) Which curve has the larger standard deviation?

B ypere 5/1 resd ont

3) The heights of fully grown white oak trees are
normally distributed. The curve represents the
distribution. What is the mean height of a fully grown
white oak tree? Estimate the standard deviation.

g
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' The Standard Normal Distribution:| A normal distribution with a mean of O and a standard

“deviation of ] ; \ANANAANAN ‘\

Z

If each data value of a normally distributed random variable x is transformed into a z-score, the result
will be the standard normal distribution.

Normal Distribution . S?am'iard_ Normal
e Distribution

y Z= x-'ﬂ
/ o 0:1

K A =0 &
We can then use the Standard Normal Table or a calculator to find the cumulative area (area to the

le £+ ) under the standard normal curve.

Cumulative Area
1. The cumulative area (to the [e¥4 )is close to 0 for z-scores close to z = -3.49.
2. The cumulative area increases as the z-scores increase.
3. The cumulative area for z = 0 is 0.5000. = SO%, o Hhe area
4.

The cumulative area is close to 1 for z-scores close to z = 3.49.
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Example 4: For each normal curve, estimate the value of the z-score and the area of the shaded
region. 7-47 (349
a) ¢) 2o 1 2N
)'f o ° '
(‘éz’"—?f—”/‘l. 7) ﬁg’(' l
. <
— ? ? j el
L* ’,5 =1
- 3 o7
- 807, + L (187 Area = (007,-317, Area £ 687, :
\ P e e \
—sS0 + .34 =[.BF| | = /.&O'.‘Z‘/—‘-/:’/&j Area L'.S;{_] (7/
Standardizing Values (z— scores): Any x-value can be transformed into a z-score by using the
formula T
_ Value-Mean  x-u = D
~ Standard deviation o e

)




Example 5: Find the cumulative area that corresponds to a z-score of 1.15 for a normal curve.

(z<1.15)
s Step 1: Draw a picture (requir_(_:d!) Step 2: Use the Standard Normal Table (Table 4 in the
= foldout in your book.) i
z .00 .01 .02 .03 04 05 06 4
5120 . 5199 2 {

“yggy” T Fye 7939 7967 L.E < 'r .

0 I’TZ 3
I.[{ = |

So, the cumulative area at z=1.15 is 0, 3 774

Alternative method... on your TI-83...You must draw a picture and record your keystrokes!

2", DISTR

2: normalcdf{ cdf stands for Cumulative Distribution Function (gives values to the left)
-10,000, Lower limit;(use an extremely sm@
1.15) The upper limit (the z-score when you are finding area to the LEFT)
ENTER
6 Example 6: Find the cumulative area that corresponds to a z-score of -0.24. (z<-0.24)
Step 1: Draw a picture. Step 2: Use the Standard Normal Table (Table 4.)
N

z .09 08 07 .06 05 04 .03
0002 .0003 .0003 .0003 .0003  .0003 .0003

0005 .0005 .0006 .0006  .0006 .0006

83977
3192

3121 3156 3228 3264 3300 .3336

| 3ss9 3897 3936 3974 4013 ( .4052 ) .4090 4

0,2
Area =, 1052 T

Alternative Method: Use your TI-83 (You MUST draw a diagram and record your keystrokes for

Ao ﬁ;g

work) normalcd§ (2000, 0. 2‘/) z < #S(BS...

Example 7: Find the area under the standard normal curve to the right of z=-0.99. (z>-0.99)

6+e/:l : Ft*cfur‘(., §+g7. 2. CQ,QCI&/QAD(

é‘rj ’Ht(m Lcr
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Example 8: Find the area under the standard normal curve between z =-0.99 and z = 2.61.

Sh’ﬁ |

')

/N . =10.8314

B |

',qq 0 p?lé{ = — e s
SUMMARY for finding area when the z-score is known:

To find area to the LEFT of a z-score:

1) Draw a picture. 2) Use Table 4 (the value corresponds to the area to the left.)
OR

2) normalcdf (lower limit such as -1000, z-score)

To find the area to the RIGHT of a z-score:

1) Draw a picture 2) Use Table 4, and subtract this value from Z' :
OR

2) normalcdf (z-score, up limit such as 1000)

9)

To find the area BETWEEN two z-scores:
1) Draw a picture. 2) Use Table 4 to find the area to the left of each value, and

subtract the smaller area from the larger area.
OR
2) normalcdf (smaller z-score, larger z-score)




6.2 Notes: Normal Distributions: Finding Probabilities

o
® Objectives:
5. Can you calculate z-scores?
6. Can you explain how area under a normal curve is related to probability?
7. Can you find probabilities for normally distributed variables?
8. Can you use technology to find probabilities?

Probability, Area, and Percent
= With a normal distribution (or any continuous distribution), the probability of getting a value
greater or less than x is equal to the Alreax_ of that shaded region.

= Area and Probability are both expressed as _&L,_A_gﬂ_j__ [ Ex (0D 7a =1, O’OJ

=  Move the decimal two times to the right to change this value to a Iﬂe rceqat

}p=soo[ o= 100 [i=0)o=1  Stadasd Normal Dictr

x—pu  600-500
o 100

; z=

P(x <600)

p=500 600

el
6 b Same Area J

P(x <600) = P(z<1)

Finding Probability with Normal Curves When Given an x Value:
Step 1) Draw a Diagram.
X—H
o
Step 3) Use Table 4 or the calculator to find the probability (area.)

Rawpem Variakle X = Hae before cadlis
Example 1: A survey indicates that people use their computers an average of 2.4 years before 2 = =4

upgrading to a new machine. The standard deviation is 0.5 year. A computer owner is selected at > &3 = o, SJ
| random. Find the probability that he or she will use it for\fgfvlir/tb_iagf Z\YEE;E before upgradmg Assume

that the variable x is normally distributed. e
| ) Y Fid F(x<2)

Step 2) Transform the x value to a z-score. z =

| R

sl (<n) | Stp2  __Sha3
(5 z-2:29 | FR4ot8) | pmalldf (100-05)

S g 0 T 20 SRR

7 2.0

()‘p CDWZJ u}lf
&rea - j

ownets
less # an ,2 years,




Prublom Varale 1 % = Fme ix HRe sdoce

Example 2: A survey indicates that for each trip to the supermarket, a shopper spends an average of ;!

45 minutes with a standard deviation of 12 minutes in the store. The length of time spent in the store 15 0
normally distributed and is represented by the variable x. A shopper enters the store. Find the

probability that the shopper will be in the store for between 24 and 54 minutes. /72 /"( 2% K 4 S t/)

Steal * Step 2 N2
i 24-45 v SY-95” > -1.75 ¢ <0-75>
ool Z.: = ZZ’ _75,, F(,7 z
<y :
o) Z.° =75 2:0'75/ \M_ .
H ‘“3 " 1eisl X TInterpiet | AR A [ —
M {S); sho /;]Jers will be ?f#ic stre | & =0, FOSA
bc[:«)eer\ 2Yaad SY minutes

Example 3: Find the probability that the shopper will be in the store more than 39 minutes. (Recall
that p = 45 minutes and ¢ = 12 minutes.) Fiad P ( x> 39 )

Step 27 vz Step3 i
223015 p(4>-05) pocwal A5 (-0.5,, 10000)

12
(2= -0k NGl
é‘f.lf% of 5Ao/alders are 5
ex/oecl'c& ‘lp S+aj i +9\c S“Zrc

A}
over S MiA,

3A
Example 4:/ If 200 shoppers enter the stoE] how many shoppers would you expect to be in the store

more than 39 minutes? (Note: this question is NOT asking for probability!)
R S it e

LY.157 of ﬁ‘%}ers

= 61157 o 200 ) percentof a nuwmber = /M(H,oljf

= LS X B0
= 393 dwers

ERew

ST : /
foul V\)Duw exlaec"ﬂtto& (38 st\o/d)oer_s @# S fe 250>//
fo 5#(,,‘3 ‘A ‘p&é slore ver 39 mia, | __/ 9




Using Technology to Find Probability Without Standardizing: .

Your TI-83 can automatically transform an x-value to a z-score (_; we Hd £ ),
. which allows you to skip this step by hand. ( l U‘

Example 5: Assume that cholesterol levels of men in the United States are

normally distributed;with a mean of 215 milligrams per deciliter and a standard

deviation of 25 milligrams per deciliter. You randomly select a man from the
United States. What is the probability that his cholesterol level is less than 1757

F(x<l75>

x ,,,Ormaﬂcdﬁ(/oooo 7S5 RIS, 25> = 0.0548

(40 165 120 4 e k i
3

F;?r +a\'5 Mljmth | orma: ¢ 1t, uppe

we Vs 0" Yor lwz

Example 6: Assume that cholesterol levels of men in the United States are normally distributed, with
a mean of 215 milligramg per deciliter and a standard deviation of 25 milligrams per deciliter. You

randomly select a man from the United States. What is the probability that his cholesterol level is more

than 230? P( X 5 230>
norm,QaQQ (230 07700 21( zr)
= 0.2743 274837 oF meA o s

27.43 a; have er(este ro| over 230
)

Example 7: Assume that cholesterol levels of men in the United States are normally dlstnbuted with
a mean of 215 milligrams per deciliter and a standard deviation of 25 milligrams per deciliter. You
randomly select a man from the United States. What is the probability that his cholesterol level is

between 185 and 2257 P(1ss4 K 225)

Vlomapw(;f (l%g, 225, 215 ,25') =,5Yo 4

00 105 190 &L 240 265 24D e
AS 64{,0‘/70 o mewn, in DS bave. J\()/csﬁro{
'\ befween 185 anf 226

—
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6.3 Notes: Finding x Valucs (Workmg BACKWARDS)

=
Objectives:

9. Can you find a z-score given the area under the normal curve?

10. Can you transform a z-score to an x-value?

11. Can you find a specific data value of a normal distribution when g given the probability?

%%’ Working Backwards: * j&/ [areaz é Z -score \

® In section &.2 we were given a normally distributed random variable x and we were asked to
find a probability.

@ In this section, we will be given a probability or z-score and we will be asked to find the value
of the random variable .

—

Example 1: Find the z-score that corresponds to a cumulative area of 0.3632.

‘ . PEDISTREEEY o[ENG:

/. ' Bt mvNorm( his is the inverse functlon of fi ndmg areas,
because we are worEmg backwards.

,1».“ gr Ay

[To find a z-score when given area: invNorm(area to the to the LEFT of the z-score)J

ALANS

Example 2: Find the z-score that has 10.75% of the distribution’s area to its right.

L1075 h Nﬂﬂr
S
%:m i
Fia er T £l
L- Z

L z—om*z( /M v Norm (0 8‘125 = 1. 2319 -

= 0.3925 % /e-Fl— T So

Example 3: Find the z-score that corresponds to P5. What does that mean?

(> st )Oercen‘l"l/c, L' 857 o dﬁ(? Retze Values
are below (fo [e5+)

S
area o) ,0S PN
o eSf of What

Z-sewre 7

10 NV NN’M




[2soe = 2 |

Transforming a z-score to an x value: @VorkmleACKWARDb' ‘ 76/ 7& j&

= Reminder... the following formula is used to transform an x-value to a z-score:

® x—p

G r2= c &
Can we change this :
to derive a formula 26 = x-U
that isolates x? +4 AU

— e p—— e

60('/(‘%"9(' [,L(+Z’6 X

Example 4: The speeds of vehicles along a stretch of highway are n y
distributed, with a'mean of 67 miles per houpand a(standard deviation of 4 miles

per hour. Find the speeds x corresponding o z-sores of 1.96, -2.33, and 0.

Given information:

Lﬁiﬁw Var+ % = Sflé’f&s o-? t/c’l« c{e’Sj
A =CH M,dl\
(e XL Lfm)dlq

What are we trying to find? S/G eeds of cars ’#\ g‘ ven
ores

a) 7=1.96 xX= 67+I-?é(‘f

M 4
05 )

R 4 N
; 5 3 s ¢4
il P ) T e A

helow ]
]MZM x =57.L8 m h

(neq)
e L crro 1)




/\

Finding a Specific x-value when given Area: e Fsid
We can work backwards from an area in a normal distribution to find an x-value (previously we 3
z-scores from areas.)

= S T ™~
Example 5: Scores for a civil service exam are normally distributed, with a(mean of 75)and a staqdard
@ o be eligible for civil service employment, you must score in the top 5%. What is the
owest score you can earn and still be eligible for employmcng’}_f‘.,/_'—‘ e

Given information:
RandomVar %> cxam Scores

8 g
o AL

What are we trying to find? s Aeeﬂep
Yo be in fop 5 fares”.

fo right MR

4675 4iS) = 85, ol s 4 bousdary
TN W ot ;
z % 3 | IZ}SSL(M\M @L&'é numlaer 5CDF€5)
et qou wald need o score

an 36 (or hijtw,r)

12
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6.4 Notes: umplmg Distributions aind the, Ccntral lelt Theorem¥>

‘ Objectives:
12. Can you find sampling distributions and verify their properties?
13. Can you find the standard error of the mean?
14. Can you interpret the Central Limit Theorem?

Sampling Distributions
If repeated samples of a population are taken, we can take the V] ¢4 1] _of EACH sample. If we
use each mean as an entry, we create a samplmg distribution of the 770{ MA /¢ means.. X

*  Formed when  <gmn n L= of size n are "“taken from a
population.

* The mean is calculated from each sample, and then the means are collected to form a : ¥
distribution. i ‘% istriguerion 0

71 J Yl; YJ) ;(;/ X{

Ngh. 3awp,e, means cal vam,) ﬁm e,uL\ D%er Z caf var 4-[44 o,du(a‘b&/l méean

{/' Work in groups to complete nplete Objective #12 b < .x ¢X/0¢¢+€ andis called
error
> 2 28'

Population Distribution (Probability) Sample Mean Dzstrtbunon (Probability)
3\ WA AAAN—

ol »x)  Probability Histogram et
of Population of x F X

Notice that the sample mean distribution is S q Mmetri C [05(’,
7‘0 f oma,Q

74/ Properties of Sampling Distributions of Sample Means :
1. The mean of the sample means, ¥, is EQUAL to the /ﬂ O,t) I/L, ath Oy mean .

2. The standard deviation of the sample means, O;?' , is equal to the population standard
deviation, ¢ divided by the square root of the sample size, n.

K AA

. Note: Called the 5‘/'0»V1£4f' ﬂg e TO(  ofthe mean.

13




LThe Central Limit Theorem

- L Ifsamples ofsizen> 20 are drawn from any population with mean = p qnd standard .
deviation = &, then the(sampling distribution of the sample means) BOPIOX M{C}(’J a
No rmal distribution. The greater the sample size, the }?W@X‘M

-7 2. Ifthe population itself is normally distributed, then the sampling distribution of the sample
means is

W [—/ 3. In either case, the sampling distribution of sample means has a mean 24 ual Yo
the population mean. U

‘#( 4. The sampling distribution of sample means has a standard deviation equal to the population
standard deviation _Jivi£ef by the square root of n. This sample standard deviation is also o
called the _ standarl error oF +he wean

(Y-

Distribution of Sz&hple Distribution of Sample

Means, » 2 30 Means, (any n)




~ N=3b

Example 1: Phoskefbills for residents of a city have a

A =64

e =9

ean of $64)and a standard deviation of $9.

Random samples of 36 phone bills are drawn from this population and the mean of
each sample is determined. Find the mean and standard error of the mean of the
sampling distribution. Then sketch a graph of the sampling distribution of sample

4

f means.
E i Given information: '
: rrman (
: All Phone Bills e c,"f Q /a;( ;@ {SAMZ.>.1
- = 4
O = Ct % = g—/(; —
© ] 6 m“:.) n 'Yj 2/9_}/_,,.\[_2_ 3¢
- ame enerel T T |
S0 Gler (2.9 6T 68 ‘*‘7‘ﬁ'\“3'-§0)( error of .
using T =/:50 the mean ,@
i =*#,.80 ) }

Interpretation : Siace[n2 30), hy

the Centrad Lyad Theoremn RZs amp [iq
Adistribution can be 2 /Qrox'/ matel b y &
NORMAL &istribubion o A6l £z L.
Tl /\/__M/\—{R_/\v/"‘\x/‘\,m__,f\/—/\“"“"/' Nt
Example 2: The heights of fully grown white oak trees are normally distributed, with a mean of

50

90 feet and standard deviation of 3.5 feet. Random samples of size 4 are drawn from
this population, and the mean of each sample is determined. Find the mean and
standard error of the mean of the sampling distribution. Then sketch a graph of the
sampling distribution of sample means.

Given information: g S

4 =05 = Ay =105 |

Distribution of

mu-w.

3475 95
wn, K/%gqoq‘fl.‘l;q

R 35 sl
) ) ) [ 10 * e éLj : -
e " o Oprie== //ljjjt

S
939,955 | ;
| Stadlard erior o Hhe mean

o7

A

Iw+dﬂf0+4"7\_"ﬂ : S)'\ée %Q(/ fopu,a}}'\( ;S
g97s 40 9525

négwﬂg )?Hr}lauf'eaﬂ) the samliag Alst
of 5ou~\/o/(, mears s ASD /]prmélg, wit
Ay =0 and oz =175

15
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P v N " =N .
/ l’rob.nblhty and the Central Limit Thcorcﬁ\j .

R s e S DR T
Ob|ccl|vc:
15. Can you apply the Central Limit Theorem to find the probability of a sample mean?

o
1& Findi ok vth ling distributi Value-Mean X —f; X —
inding z-scores with s s s = = =
/ 87 sampling distributions Sl I Eror o %_
n

/’)o/\ " ,d“‘ 5"'\ .I
Exumplc 1: 1Q scores have a normal distribution with £ mean of 90.and a standard deviation ¢ of

/\“ Nine students are randomly chosen from one high school.
; > nN=9

a) One student from the sample has an 1Q of 120. What is the corresponding z-score?

M‘IO%C/X'—‘?O Z- 120-90 _Qi j
N=>lay = W - 3.5 | 3.

b) Another student has an 1Q of 84. What is the corresponding z-score?
LB e ]
\ z a5 3.6 o gt
ps e ey z

' 0
?)c, ;y Finding probabilities with sampling distributions:
Step 1) Draw a picture.
Step 2) normaledf (lower limit, upper limit, sample mean, standard error) O

it >ju/(s aréa uvaer Fhat ortion a—F +Lg curve

1 a | ) e 1/
= ot e iy S o

B ~

/)w‘ Ié’" '

» NOTE: If the population is normal, we can do this with any sample size.
¢ If the population is NOT normal, we can only use this method fo@

Example 2: The national(mean weightfor 8-year old males\is 72 pounds with A

n= 4D sample is taken of 40 8-year old boys. Find the probability of one of these 8-year old boys
y WCWMS' Random variahle: Y = u)é?JHs oF X—jar old boys
Fin

H=]2 =72
_,: L
.k %0]”—‘) Iz = Jo < 011

72 722 m

6 pormaDcd$(-10000, 73,72, 11) ® 8972 =317,

low 511,1‘/\ /a; d}




]
Pofuw}m; not necessar: /] normal, but A 220, 50 Contral) Limit Thim aphes |
U =25 min (Srom chart)

S =S =30 Time behind the wheel |
mwhmmﬂub’rmm

' Example 3: The graph shqws the length of time people
A= 28 mia

spend driving each day. YPu randomly select 50 drivers
age 15 to 19. What is the probability that the mean time
they spend driving eacl /day is between 24.7 and 25.5

minutes? Assume that ¢ = 1.5 minutes. A= 2S5 mia

M

I
4‘

214 29k ,Z’I.a ,?5 /5." 25.L .

9 Interpred 9.5% & fotm[alcg
S‘Mﬁ normeledf (2‘!7 25, SRS W 2I> =:9 [ 48 J ﬁ'“‘”s (dj‘ /s=11) will
[ow h:ﬂk Ay , % ol I 5’7 hav e Meon dpa'y fine hetween

; i Example 4: A bank audltor claims that credit card balances are normally distributed, with a mean ('7 ¢ Veoss|
- A= 1770 of $2870 and a standard deviation of $900. What is the probability that a randomly selected credlt
| = 400 card holder has a credit card balance less than $2500? [ ( K2 ggo)

Note: You are asked to find the probability associated with a certain value of !he )
POPULA TION of the random variable x (NOT from a sample). =2 0 10 orohle m 409" 1 ne /

¥
}lnorMalcd‘P(O 2500, 2870 ‘(0’0) 3‘/05

o | __M
| SN V ol (ot ~E?§Z

( 870
o A S 34% of He w[( ole /w/o,(’l}'h have a 3

belence wnder 22500, |

Example 5: Using the same credit card balance information from Example 4, you randomly select

@ 25 credit card holders. What is the probability that their mean credit card balance is less than

$2500?
Swall sample Note: You are asked to find the probability associated with a sample mean. Do Jse cewh‘ﬂ.Q imit
,\/\/\/\/\M\/\/\/‘\/—
OK s nce ‘f’aeorewk
1 *'M
f”/“;r'; A =2870 = Uy =2870
o oo age 400
D 1‘ g a7/ 6? =, =280
g0 =3

”a’}%fwhh|5ﬁ¢

MOFM&»QC&ff(D 2500 2370 /‘30\ 0. Oqu o mnﬂom Sampilc il

e low}héajk 2 '“;, 9% @ heie mean under"z500

/OVer 7\67‘4/\(9”00 ﬂev‘ )CFM mean | ; Could meam Hatdhe aud Hors

::ﬁy UMLSM,Q e‘/gAJ,_ claim (Fx‘/ WS incorrect
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Section 6.5: Normal Approximations to Binomial Distributions ( From UAL
i " Section 6.5 Objectives: Sie e )
Determine when the normal distribution can approximate the binomial distribution
Find the correction for continuity

p—— —

¢ Use the normal distribution to approximate binomial probabilities
Normal Approximation to a Binomial

* The normal distribution is used to approximate the binomial distribution when it would be
impractical to use the binomial distribution to find a probability.

Normal Approximation to a Binomial Distribution
* (Ifnp>5and ng > 5;)then the binomial random variable x is approximately normally distributed

with

. ’»‘W
. {/ standard deviation ¢ = V”i)

Normal Approximation to a Binomial:
* Binomial distribution: p=10.25

024630RKIAAIDY

; - Y
0 2 4 6 8 1012141613

* As n increases the histogram approaches a normal curve.

Example: Approximating the Binomial:
Decide whether you can use the normal distribution to approximate x, the number of people who reply
yes. If you can, find the mean and standard deviation.

1. Fifty-one percent of adults in the U.S. whose New Year’s resolution was to exercise more

achieved their resolution. You randomly select 65 adults in the U.S. whose resolution was to
exercise more and ask each if he or she achieved that resolution.

Solution: You can use the normal approximation

n=65, p;O.Sl, q=0.49 * Mean: p=np= 33,/%
= 33.US 2
ZZ= ;3'5,5 > ; ‘/ * Standard Deviation:
‘ o= lapg = Jes(s)(:19)
18

=403

—

)




2. Fifteen percent of adults in the U.S. do not make New Year’s resolutions. You randomly select
9 15 adults in the U.S. and ask each if he or she made a New Year’s resolution.

Solution: You cannot use the normal approximation
n=15, p=0.15, ¢=0.85
np= (5(0.15)= 2.25 &— ails here 2.25 ZS
ng= 15 (0.85) = 12.75 :
*  Because np< 5, you cannot use the normal distribution to approximate the distribution of x.

Correction for Continuity
* The binomial distribution is discrete and can be represented by a probability histogram.

*  To calculate exact binomial probabilities, the binomial formula is used for each value of x and
the results are added.

*  Geometrically this corresponds to adding the areas of bars in the probability histogram.

*  When you use a continuous normal distribution to approximate a binomial probability, you
need to move 0.5 unit to the left and right of the midpoint to include all possible x-values in the
interval (correction for continuity).

Exact binomial Normal
- :

\ P(c—-0.5<x <@>

C

Example: Using a Correction for Continuity:
Use a correction for continuity to convert the binomial intervals to a normal distribution interval.
1. The probability of getting between 270 and 310 successes, inclusive.

Solution:
» The discrete midpoint values are

210, 27, 212, .. 310
204y & 300

' +  The corresponding interval for the continuous normal distribution is

T2‘70 am T

3105

298<x< 300.8 yAxs
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The probability of getting at least 158 successes.
—— X,
Solution: ’

The discrete midpoint values are

(5%, 159, 160, ...
2 (5%

The corresponding interval for the continuous normal distribution is

>/§7§

. The probablhty of getting less than 63 successes.

Solution: :
The discrete midpoint values are

!
.o 60,61, 62 XELZ _
s
The corresponding interval for the continuous normal distribution is 4 /]

54428 s
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/ g Pﬁ ulng the Normal Distribution to Approximate Binomial Probabilities &

//

. Verify that the binomial distribution applies. ?,\
Specify n, p, and q.

Determine if you can use the normal distribution to approximate x, the binomial variable.
Is np 2 5? Is ng>5?

Find the mean 4/ and standard deviation & for the distribution.

HU=np o=xlnpg

Apply the appropriate continuity correction. Shade the corresponding area under the normal
curve.

Add or subtract (), § from endpoints.

Find the corresponding z-score(s).

x-p
o

zZ =

Find the probability. .ﬁ‘

Use the Standard Normal Table. 6R  yorw) d c.p??
k3
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Example: Approximating a Binomial Probabi ity iﬁ« \
olu

. i v consSistear peobak) Y
e Fifty-one percent of adults in the U. S. whose New Year’s resolution was to exerfcise more 7

achieved their resolution. You randomly select 65 adults in the U. S. whose resolution was to
exercise more and ask each if he or she achieved that resolution. What is the probability that fewer

than forty of them respond yes? (Source: Opinion Research Corporation)
: ;46 =65 “ETZ/S:

Qanﬂpm Var g%( counts /)@0/5/5 Binomial /);acl\}ew& reso !u‘r}m

S
1

Solution: > Yes ,
* Can usc the normal approximation? (see the bottom of page 18? np 65 ( ; ﬂ) 28 :

g
A= np :J@%i | 33.1€25 ; = 385 2
n=650.51533.15) ¢ =v65:0.51-0.49 “ { v v
Solution: Approximating a Binomial Probability T, i 5
*  Apply the continuity correction: Fisd P ( X < L{0> v P( X < 367)
Fewer than 40 (...37, 38, 39) corresponds to the continuous normal distribution interval X < 3 % S/

= 1 (normalcdf (0, 34.5, 33,15, 4.03) |

AT . e 7 -
Normal Distribution R [ Standard/Normal = ?L/ Zf)'

n=33.15 c=4.03 n=0 &=1

The probal )iy i
Hhak li)Fewér %lé:

ts 1

14%
e — g e e ey : —
Example: Approximating a Binomial Probability =86

A survey reports that 86% of Internet users use Windows® Internet Explorer ® as their browser. You = I’f
randomly select 200 Internet users and ask each whether he or she uses Internet Explorer as his or her 6

browser. What is the probability that exactly 176 will say yes? (Source: OneStat.com) "= )\@@
Solution:
Can we use the normal approximation? 7 X
np = szgé =112 ng= ;{00(,11/) =£2% = V@S) /09#2\ are ,S’.
N/ T W e, W G s I e R il
n=200(86)= o= Sl = 1907 2[T11]
e e et e S e .
Solution: Approximating a Binomial Probability © ( D ceh 1 4,) i %
*  Apply the continuity correction: =
Exactly 176 corresponds to the continuous normal distribution interval (15.8&x </7C.85 ’2
f"/ r— 2
./'.—'_.—’normafaﬁ(ﬁfj 7.5 172, 4.41) £ =
Normal Distribution ;, 2 tandard Normal () z = _’Ef:.’l?: 2 = 176.5-172 8
p=172 o=491 = 0.06006 p=0 o=1 / g q/ zZ 43 :
~0.060] A [ S
’\Z—ﬁ/::) normaleds- (11, 2 2)
= 0,060065

L

L $)
1 176.9

4
Lz

A + i \ = ﬁ.
TR ekl 1 baempdP (0, 5 1) = deiid &6

old me

N Il 2
v { &
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