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The Sampling Distribution of a
Sample Mean and the Central
Limit Theorem



Properties of the Sampling
Distribution of x

* Let X, X,,.....,.X, be a random sample of size n
drawn from any population with mean=n and
standard deviation = o, then we have the
following properties about the sampling
distribution mean y, that is:
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Properties of the Sampling Distribution of x

1. Mean of the sampling distribution equals mean of V" 5

sampled population™, that 1sfE=si==s= S
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gt s = E(X )= . _
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2. Standard deviation of the sampling distribution equals

Standard deviation of sampled population

Square root of sample size
o

Gf—\/Z.

Thesstandard déeviation"e? 1s often referred to
% as the standard error of the mean.

That 1s,



. — 1\
=00 %

S\ )
j\Ao — ¢ \ealy \§Q?.\ﬂ\5 = (n1) Z{/p\ . (s_b \)@ \S

o S . _ .
BN J*__)\\;\g\ £9

s - Q0 S M= \09® L c W\CN[/‘OV\/ B) &3

w=~5 \(SP;@S\,JJ\/'
\N.

5 - 20 . e {y)#

N 25 5]

= M geo Ol \OO Jup 650 Sl

(%55 gn e 20 o)




Properties of the sampling distribution
szyu B (F) U ¢ oo N Fsgdae Gle o3\l

The distribution of X will be normal.

2. The mean W of the distribution of the values of
X will be the same as the mean of the population
from which the samples were drawn;lg
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3. The variance, o-, of the distribution of ¥ B

will be equal to the variance of the population
divided by the sample size: &
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U( = The sample mean is a consistent estimator
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If a random sample of n observations is selected from a

population with a normal distribution, ¢theSamplifig

That 1s, if a probability distribution is normal, then the
sampling distribution of the sample mean is exactly normal

distribution, regardless of the sample size (n) small or
— Wlth Normal Population

Distribution
Qcpu\q{'l‘e’“’ Bl A\ﬁ} \3\5 \;’\L)

| -~
\ ) 4
Nt L

X\ YIS U, =

2 F e Gy S X Normal Sampling
AT Distribution

NS e W Ji‘g (has the same mean)

(o shsli o)

# s

X



Sampling from Normal Populations

— Sampling with
replacement
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Sampling from Normal Populations

 Note that:

If. then the sample size (n) is small.

If-then the sample size‘(n) is large.

If X, Xppeeey Xo N(, 02) 0 tiinel asfphelioe

X"’N(u,%)forn<300rn230
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Sample distribution
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Sampling from Normal Populations

 Example consider a normal population with. p = 50 and(o = 15.
suppose a random sample of(size 9'is selected from this population,
what is the sampling distribution for the sample mean?

e Solution: since the original population is normal, then the
distribution of the sample mean is also (exactly) normal distribution
with mean and variance as follows:

N(50,225)
My = H =50

0. =—==15/3=5.
o A
So for X~ N(50, 25) is the sampling distribution of X.



Sampling from
Non-Normal Populations

Population Distribution

H =50 X

Sampling Distribution

— Sampling with n=4 1 =30
replacement oc7=5 \\ oc,=18
e
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Sample Mean Sampling Distributi
If the Population is not Normal
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Central Limit Theorem (CLT

Consider a random sample of n observations selected
from a population (any probability distribution) with
mean u and standard deviation o. Then, when n is
sufficiently large, the sampling distribution of x will be
approximately a normal distribution with mean s = u
and standard deviationo. = 0'/\/;.
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)¢ That is, if the sample size is large{z 2 30), and the sample is drawn from any

population with mean = U and standard deviation =, as shown below:
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Central Limit Theorem (CLT)

 Example: Interpreting the CLT U

Phone bill for residents of a city have a mean of S64
and a standard deviation @random sample

@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 of sample mean? @



Solution: Interpreting the Central Limit Theorem

The mean of the sampling distribution is equal to the population mean:

Mz =p =04
The standard deviation (standard error of the mean) is equal to the
population standard deviation divided by the square rootof n :,

) i < e 9 |
=T 36
Since the sample size is greater than 30, the sampling distribution can be
approximated by a normal distribution with:

2

Jlz = 64 Oz = 15
Bicbritiniii
‘\Mnbunon. for Distribution of
All Phone Bills Sample Mcans
withn =36
G=\.5
s -1 — < P =59

K
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Central Limit Theorem (CLT)

 Example
The height of fully whit ak are @ormally

distributed, with.a mean o feet and standard
deviation oet. Random samples of re
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? @
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Solution

* The mean of the sampling distribution is equal to the
population mean: ;= H =90

* The standard error of the mean is equal to the population
standard deviation divided by root of n:

O
o= = 3.5/2=1.75
n

Hs =90 o, =175

Dustribution of Disteibution of
Population Heights

Sample Means
witha =3
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The Probability of a Sample Mean

4 How to find the probability associated with a

—_—
sample mean?7
W

W
A To find the probability for the sample mean, we
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W 5@) Standardizing the Sampling
w7 Distribution of x
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Central Limit Theorem
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As sample

size gets
large
enough
(n 2 30) ...

sampling
distribution
becomes almost
normal.
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Examples

The graph shows the length of time people spend driving
each day. You randomly select 50 drivers age 15 to 19. what
is the probability that the mean time they spend driving

each day is between 24.7 and 22.5 minutes? & = =3 ey,
,'@/?»\sn PR 3‘),\/\,:1\,:) 5 bl
Assume thatlnutes anmutes?

Solution

From the central limit theorem (sample size is greater than
30), the sampling distribution of the sample mean is
approximately normal with mean and standard deviation
given as follows:

Mo =[1=25 &=7=15//50~0.21213



Then the probability that the mean time they spend driving each day is
between 24.7 and 25.5 minutes can be calculated as follows:

Normal Distribution Standard Normal Distribution
M =25 = 0.21213 n=0 o=1
e X-p _24.7-25 141 '
— Y- 7 ST LY '
P(24.7<X<25.5) RN T P(-1.41 £Z<2.36)
) - = .

247 25 255 -1.41 0 2.36

P(24.7<X<255)=P(-1.41<Z<2.36)
=N(2.36) — N(-1.41) = 0.9909 - 0.0793 = 0.9116
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Examples

A bank auditor claims that credit card balances are
normally distributed, with a mean of JD2870 and a
standard deviation of JD900. you randomly select 25 credit
card holders. What is the probability that their mean credit
card balance is less than or equal to JD25007

Solution
Since the population is normally distributed, the sampling distribution of the

sample mean is also normally distributed. Now, we are asked to find the
probability associated with a sample mean and this can be calculated as

follows:



Normal Distribution

Standard Normal Distribution
Mven= 2870 Guwn= 180

p=0 =1
L Feu _2500-2870
55 0" = ‘)OQ,’: = =2 ()6

J); s \[:.’_S

P(Z <-2.06)

.-;.06 0
P( X <2500)= P(Z<-2.06)=N(-2.06) = 0.0197

Conclusion: There is only a 2% chance that the mean of a
sample of size 25 will have a balance less than or equal to
JD2500 (unusual event). It is possible that the sample is
unusual or it is possible that the auditor’s claim that the
mean is JD2870 is incorrect.
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Examples

Suppose that the TOFEL exam scores for pharmacy students
graduated from the Hashemite University are normally distributed
with 1 =500 and ¢ = 100.

In @ random sample of size n = 25 students, what is the probability
that the sample mean would be greater than 5407

Solution

Since the population is normall
sample mean is also normally
probability associated with a sample mean an

follows: ‘Normal Distribution
I.L(xbar)-: SOO O (xbar) == 20

y distributed, the sampling distribution of the
distributed. Now, we are asked to find the
d this can be calculated as

P(X> 540) =1 — P(X <540)

— 1 — P(Z < (540 — 500)/20) i s
=1-P(Z<2) B
= 1-N(@) O B N

=0.0228 e




Thinking Challenge

You’'re an operations analyst
for AT&T. Long-distance
telephone calls are normally
distributed with z =8 min.
and o= 2 min. If you select
random samples of 25 calls,
what percentage of the
sample means would be
between 7.8 & 8.2 minutes?

f




Sampling Distribution Solution*

— M 7.8 — 8
—u 82— 8
Sampling / / Standardized Normal
Distribution \/_ \/7 Distribution
oc-=.4 o=1
: X

3830

1915 .19157\_

78 8 8.2 / ~50 0 .50 z



(225 72 w-25 )/ s=2 /43

X 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

+0 50000 50399 50798 51197 51595 51994 52392 52790 53188  .53586 .
+0.1 | 53983 54380 54776 55172 55567 55966 56360 56749 57142 57535 . g@\vx
+0.2 | 57926 58317 58706  .59095 59483 59871  .60257 60642 61026  .61409
+0.3 | 61791 62172 62552 62930 63307 63683 64058 64431 64803 65173
+0.4 65542 65910 66276 66640 67003 67364 67724 68082 68439 68793 A - ﬂ r &
+0.5 | 69146 69497 69847 70194 70540 70884 71226 71566  .71904 72240 ?’ a ]
+0.6 | 72575 72007 73237 73565 .73891 74215 .74537 74857 75175  .75490
+0.7 | 75804 76115 76424 76730 77035  .77337 .77637 77935  .78230  .78524
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Central Limit Theorem Example

The amount of soda in cans of a
particular brand has a mean of
12 oz and a standard deviation
of .2 oz. If you select random
samples of 50 cans, what
percentage of the sample means
would be less than 11.95 o0z?




Central Limit Theorem Solution®
¥-p 11.95-12

z= = =-1.77
o) .
Sampling //; //5 Standardized Normal

Distribution Distribution

0x=.03 0384 o=1
l

_ | 4616

11.95 12 X -1.77 0 Z

Shaded area exaggerated



Sampling Distributions



Parameter & Statistic

A parameter is a numerical descriptive measure

of agpopulation» Because it is based on all the
on all the

observations in the population, its value is
/J\_/_\/\J

almost always unknown.

e 1

A sample “statistic’ is a numerical descriptive
measure of alsample! It is calculated from the

-

observations in the sample.




Common Statistics & Parameters

Sample Statistic Population Parameter

Mean X 7
Standard
Deviation S o
Variance 52 o2
B1 1al

Inomia l/?\ p

Proportion



AV DL a0 (gesh w0t~ 33, “

The Concept of Sample Distribution

* In sample distributions, we are moving from
descriptive  statistics to inferential statistics.
Inferential statistics allow the researcher to come to

Cconclusion> about a populations on the basis of

descriptive statistics about a sample.
* In real life parameters of populations w

unknowable.

* Rather than investigating the whole population,’we
M} calculate a statistics related to the
parameter of interest, and make an inference.

* The sampling distribution of the statistics tells us
how the value of the statistic varies from one sample
to another.




Sampling Distribution

The sampling distribution of a sample statistic
calculated from a sample of n measurements is the
probability distribution of the statistic in all possible

samples of size n taken from the same population.

The sampling distribution are used to calculate the
probability that sample statistics could have occurred by
chance and thus to decide whether something that is true of

sample statistics is also likely to be true of a population
parameter.

\




Developing
Sampling Distributions

Suppose There’s a Population ...
* Population size, N =4
e Random variable, x
 Valuesofx:1,2,3,4

 Unifor istribution
GO Q=N 2ae X

RCH =05




Population Characteristics

Summary Measure Population Distribution

4 P)
X,

1

2
= le =257 e .(1)

M=




All Possible Samples
of Sizen=2 ¢

16 Samples

16 Sample Means

1st
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2nd Observation
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1st
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2nd Observation
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Sample with replacement




Sampling Distribution
of All Sample Means

16 Sample Means

1st
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2nd Observation

1

2

3

4
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2.5

3.0

o W

2.0
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3.0
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S =

2
3
4

2.5

3.0

3.5

4.0

Sampling Distribution
of the Sample Mean

P(x)

| _
X
1.0 1.5 2.0 2.5 3.0 3.5 4.0




Summary Measure of All Sample Means

S - W

Hx

Population

P(x)

i=1

N 16

Comparison

P(x)

zxf_1.0+1.5+...+4.o_ o
il 5%
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>\ \9—/ ;‘Q
o\ e

Sampling Distribution

o W

S -

3 4 1.0 1.5 2.

== ==

2.5)3.0 3.5 4.0

U =2.5



Key Ideas

Generating the Sampling Distribution of x

Select sample size n (large)

from target population
Calculate x
- _fl
%)
X3
Repeat this
Population: prgceess arll Sampling digtribution of.)'c -
Mean = u infinite (i.e., theoretical population of X’s)
Std. Dev. =0 number Mean = y; = u
Unknown shape of times Std. Dev. = 0y = o\n

Normal distribution (Central Limit Theorem)



The Sampling Distribution
of the Sample Proportion p”



Introduction

Wh.en conducting research about a population, researchers in business,
Socioeconomics, politics, medicine, nursing and pharmaceutical matters are
often more interested in the proportion of a population (p) with a particular

characteristic, rather than the number of population elements with the
characteristic, for example:

» Proportion of population who support the policies and
economic plans for the government in Jordan.

» Proportion of students who support the 4 days study
university system in Hashemite University.

» Proportion of manufactured objects that are defect free.
> Proportion of employees with extended health care plans.
> Percentage of the labour force that is unemployed.

» Proportion of students suffering from the flu.

In each of these situation, the actual number of population elements
with the characteristic will vary with the sample size. But the aim of




The Sampling Distribution of the Sample Proportion p”

 We hope that the sample proportion is close to
the population proportion.

* How close can we expect it to be?

 Would it be worth it to collect a larger sample?

(=Af the sample were larger, would we expect the
sample proportion to be closer to the population
proportion?

© . . \
(=How much closer? =< =4 v 2 al = ERVAS
\



How to Calculate the sample Proportion (p”

Suppose that p is the proportion of a population with a

particular characteristic, then if p is unknown, we can estimate it

by using the sample proportion p” (p-hat) using the following

steps:

1. Draw a random sample (SRS) of size n elements from the
population that contains N elements.

2. Let X be the number of sample elements with the
characteristics (number of successes).

3. Calculate the sample proportion (p") using the following
formula:
A _ count of successes in thesample X

mn mn
That is, p"is the proportion of elements of the sample of size n

that have the characteristic of interest



Example

The Jordanian Ministry of Health did a survey of in a random sample

of 10904 Jordanian peoples and smoking habits. The researchers
defined :

Frequent smoking as having 5 or more cigarettes in a row three or
more times in the past two hours. According to this definition, 2486
persons were classified as frequent smoking. Based on these data,
estimate the proportion p of all Jordanian peoples who admits to
frequent smoking?

Solution

The true proportion (p) of Jordanian peoples who are frequent smoking can

be estimated by using the sample proportion () which can be calculated as
follows:

f? __ Number of Jordanian persons who are classified as frequent smokin
_Number of Jordanian persons in the sample

~ _ X _ 2486
> p_n 10904 0.228




The Sampling Distribution of the Sample Proportion p”

 Choose an SRS of size n from a large population that
contains population proportion p of successes. Let p”
be the sample proportion of successes,

| | A count of successes in the sample
o W 2 2, p =
- 2 I'n
* Then:

» As the sample size increases, the sampling distribution
of p becomes approximately normal.

> The mean of the sampling distribution is@
» The standard deviation of the sampling distribution is

e Standard deviation of p = \/ P(l - P)
n




The Sampling Distribution of p"

* |t turns out that the sampling distribution of p” is
approximately normal with the following

parameters. Meanof p = p

p(l-p)

Variance of p =

p(l-p)

Standard deviation of p =

Standard

T “n |."|‘44
\.‘ ‘.'\ "!' . ""“.1 }
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The Sample Proportion

Let p be the population proportion.
Then p is a fixed value (for a given population).
Let p” (“p-hat”) be the sample proportion.

Then p” is a random variable; it takes on a new
value every time a sample is collected.

The sampling distribution of p” is the
probability distribution of all the possible
values of p".



The Central Limit Theorem for the Sample Proportion ( §)
For any population proportion (p), the sampling distribution of the sample
proportion (p) is approximately normal if the sample size (n) is sufficiently
large. As a general guideline, the normal distribution approximation is

> :
Justified when np > 5 and n(1 - p) > 5, that is ("Samplmg Distribution of
—— the Sample Proportion .-

[ p-ph=——
P Approxtmately N(p, ) if n is sufficiently largJ

* The approximation to the normal distribution is
excellent if:

np>Sand n(l1—p)=5.




Example

Suppose that the population of interest is the
Hashemite University pharmacy students. Assume
that the proportion of students in the population
who wear eyeglasses is p=0.25. if a random sample
(SRS) of 50 students is to be selected, then define
the characteristics of the sampling distribution of
the sample proportion p®, where p" is the
proportion of HU pharmacy students in the random
sample who wear eyeglasses?



Example

Solution

and we know that the variance and standard deviation of the sampling
distribution of p are: .
o2 =20l 029079 0 0375 ; g, = [PC-P=0.00375 = 0.0612

n

Finally, forample size of n = 50, we have (np - (50)(0.25) = and .
(1= p)= (50)(0.75) thus the large sample conditions are satisfied and
the sampling distribution of p can be approximated by a normal distribution,

that is: p Approximately N(p 2E=B))= v(0.25,0.00375)

n



How to Find the Probability associated with a Sample Proportion (5)?
Since the sampling distribution of p can be approximated by a normal
distribution, we can use the areas under the curve of the standard normal

distribution to answer the probability question. With the normal distribution,
we need to compute a Z-score value, where

Notation: The above Z-score is identical to the Z
value we have always used, with the exception of
the notation P and O3 , which is used to remind us

~we are dealing with the sampling distribition” of
the sample proportion ().
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Example

Thiazide diuretics are often the first, but not the only
choice in high blood pressure medications. Suppose that
20% of all doctors in Jordan favour Thiazide diuretics. If the
manger of a pharmaceutical industries company in Jordan
take a random sample (SRS) of size n = 600 doctors, then
what is the probability that the sample proportion (p") of
doctors who favour Thiazide diuretics will be:

1. Between 0.18 and 0.22? P(0.18 < p"<0.22)
2. Lessthan or equal to 0.18? P (p"< 0.18)
3. More than 0.22? P (p">0.22)



/

\Ra Y, 5

N
No

-

I/L‘P:({CDQ o 9.2

oo *0.2 = %375

;

\Y

[ ng
=

M

\

P

.2

>

- (ga :[ovma . Jon

(£33

AN (02, 0.0630)

ns

floo

\{ §o0d

00002667 =
.

N

<

i
S
P

@ p (o3 2pc02)

Z =

ol%-c.2 o

~0.0 2

n - 127

a\2

0-0\8373

Ovo\{ 27

A, -

0.9 0.

Qoz ~ \’17/ ‘,'é

0.V

PURVLR!

.0\ (33

¢

122 ¢z < .2 2)= ?Cpg\”b’b

\P (ﬂZ f——\"&'))

E(z <_122>

T2 IR

\\\JQQ\ o I‘

\\w}w}\c\(\g@ PZ2Z2 12 )xo3323

Moy 2 2222 ~ . \WV 20337 ¢

e
e

= 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

+0 50000 50399 50798 51197 51595 51994 52392 52790 53188
+0.1 | 53983 54380 54776 55172 55567 55966 56360 56749 57142
+0.2 57926 58317 58706 59095  .59483 59871 60257 60642 61026
+0.3 | 61791 62172 62552 62930 63307 63683 64058 64431 64803
+0.4 | 65542 65910 66276 66640 67003 67364 67724 68082 68439
+0.5 | 69146 69497 69847 70194 70540 70884 71226 71566 71904
+0.6 | 72575 72907 73237 73565 73891 74215 74537 74857 75175
+0.7 | 75804 76115 76424 76730 77035 77337 77637 77935 78230
+0.8 78814 79103 79389 79673 79955 80234  .BOS1l 80785 81057
+0.9 | 81594 81859 82121 82381 82639  B2894 83147 83398 83646

+1 B4134  B4375  B4614  B4B49  B5083  .B5314 85543  .B5769  .B5993
+11 | 86433 86650 86864 87076  .B7286  B7493  B7698  .B7900  .BB100
+1.2 | 88493 88686  .BBB77 89065 89251  .B9435  BY617  .BI796  .BY973
+13 | 90320 90490 90658 90824 90988 91149 91308 91466 91621
+14 | 91924 92073 92220 92364 92507 92647 92785 92922 93056
+L5 | 93319 93448 93574 93699 93822 93943 94062 94179 94295
+1.6 | 94520 94630 94738 94845 94950 95053 95154 95254 95352
+L7 | 95543 95637 95728 95818 95907 95994 96080 96164 96246
+1.8 96407 96485 96562 96638 96712 96784 96856 96926 96995
+19 | 97128 97193 97257 97320 97381 97441 97500 97558 97615

+2 97725 97778 97831 97882 97932 97982 98030 98077 98124
+2.1 | 98214 98257 98300 98341 98382 98422  9B461 98500 98537
+2.2 | 98610 98645 98679 98713 98745 98778 98809 98840 98870
423 | 98928 98956 98983 99010 99036 99061 99086 99111 99134
+2.4 | 99180 99202 99224 99245 99266 99286 99305 99324 99343
425 | 99379 99396 99413 99430 99446 99461 99477 99492 99506
+2.6 | 99534 99547 99560 99573 99585 99598 99609 99621 99632
+2.7 | 99653 99664 99674 99683 99693 99702 99711 99720 99728
+2.8 | 99744 99752 99760 99767 99774 99781 99788 99795 99801
429 | 99813 99819 99825 99831 99836 99841 99846 99851 99856

+3 99865 99869 99874 99878 99882 99886 99889 99893 99896
+3.1 | 99903 99906 99910 99913 99916 99918 99921 99924 99926
432 | 99931 99934 99936 99938 99940 99942 99944 99946 99948
+33 | 99952 99953 99955 99957 99958 99960 99961 99962 99964
+3.4 | 99966 99968 99969 99970 99971 99972 99973 99974 99975
435 | 99977 99978 99978 99979 99980 99981 99981 99982 99983
+3.6 | 99984 99985 99985 99986 99986 99987 99987 99988 99988
+3.7 | 99989 99990 99990 99990 99991 99991 99992 99992 99992
+3.8 | 99993 99993 99993 99994 99994 99994 99994 99995 99995
439 | 99995 99995 99996 99996 99996 99996 99996 99996 99997

+4 99997 99997 99997 99997 99997 99997 99998 99998 99998

0.09
53586
57535
61409
65173
68793
72240
75490
78524

grop-

thet

00007
00005
00003

0.01
49601
45620
41683
37828
34090
30503
27093
23885
20897
18141
15625
13350
11314
09510
07927

0.02
49202
45224
41294
37448
33724
30153
26763
23576
20611
17879
15386
13136
11123
09342

0.03 0.04 0.05 0.06 0.07 0.08
48803 48405 48006 47608 47210 46812
44828 44433 44034 43640 43251 42858
40905 40517 40129 39743 39358 38974
37070 36693 36317 35942 35569 35197
33360 32997 32636 32276 31918 31561
29806 29460 29116 28774 28434 28096
26435 26109 25785 25463 25143 24825
23270 22965 22663 22363 22065 21770
20327 20045  .19766  .19489  .19215  .18943
17619 17361 17106 16853 16602 16354
15151 14917 14686  .14457  .14231  .14007
12924 12714 12507 12302 12100 11900

10935 10749 10565  .10383  .10204  .10027
09176 09012 08851 08692 08534 08379
07636 07493 07353 07215 07078 06944
06301 06178 06057 05938 05821 05705
05155 05050 04947 04846 04746 04648
04182 04093 04006 03920 03836 03754
03362 03288 03216 03144 03074 03005
02680 02619 02559 02500 02442 02385

02118 02068 02018 01970 01923 01876
01659 01618 01578 01539 01500 01463
01287 01255 01222 01191 01160 01130
00990 00964 00939 00914 00889 00866
00755 00734 00714 00695 00676  .00657
00570 00554  .00539 00523 00508  .00494
00427 00415  .00402 00391 00379  .00368
00317 00307 00298 00289 00280 00272
00233 00226  .00219 00212 00205 00199
00169 00164 00159 00154 00149 00144
00122 00118 00114 00111 00107  .00104
00087 00084 00082 00079 00076  .00074
00062 00060 00058 00056 00054  .00052
00043 00042 00040 00039 00038 00036
00030 00029 00028 00027 00026  .00025
00021 00020 00019 00019 00018  .00017
00014 00014 00013 00013 00012  .00012
00010 00009 00009 00008 00008 00008
00006 00006  .00006 00006 00005  .00005
00004 00004 00004 00004 00004 00003
00003 00003  .00003  .00002 00002  .00002

0.09
46414
42465
38591
34827
31207
27760
24510
21476
18673
16109
13786
11702
09853
08226
06811
05592
04551
03673
02938




Solution

We know that the mean of the sampling distribution of p is:
pp=p=20%=0.2

and we know that the variance and standard deviation of the sampling

distribution of p are: '

of =2ER = ©209 - 00027 ; g5 = (B =0.00027 = 0.0164




Finally, for sample size of n = 600, we have np = (600)(0.2) = 120 and
n(l —-p)= (600)(0.8) = 480; thus the large sample conditions are satisfied and
the sampling distribution of P can be approximated by a normal distribution

that is: p Approximately N(p ,@% N(0.2,0.00027).

Normal Distribution
Uy =02 03 =0.00027

30 .

X /
0 J

0 01 02 03 04 05 06 07 053 09 |

Samplingdistributbn of p



Now, the required probabilities can be found as follows:

(i) Probability that the sample proportion (p) of doctors who favor Thiazide

diuretics will be between 0.18 and 0.22 can be calculated as follows:
018-02 . p-p _0.22-02

P(0.18 <p<0.22) =P(S55re, _J——E.Q"'g) <0016 )

=P(-122<Z <1.22)
=N(1.22) = N(-1.22) = 0.8888 — 0.1112

=0.7776
(ii) Probability that the sample proportion (p) of doctors who favor Thiazide
diuretics will be less than or eq - 18 can be calculated as follows:

p—p < 0.18 -

P(P<0.18) =P(Jm S== .

=P(Z £-1.22)=N(-1.22)=0.1112 o
(iii) Probability that the sample proportion () of doctors who favor Thiazide

diuretics will be more than 0.22 can be calc;lated aso fz‘gllo(;\;s:
-p 22-0.
P(p>022)=1- P(p=<022) =1 — P(J—(T_—) Eeer)

=1 - P(Z <1.22)=1-N(1.22)
=1-0.8888=0.1112




