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1. Sampling distribution and Central Limit Theorem...

Sampling distributionfF £ :
1. REfc & Re 7o lie

—If the population is normal, then X is normally distributed for all
valuesofn. uz =u  ¢2=0"/n and o. =0/ \n

2. Big A @ wm e e (AR T iR e 2 )

—If the population is non-normal, then X is approximately normal
only for larger values of n (n>30).

7 )
UW;=U o-=0"/n and o.=0/n
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Example:
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2. Sampling K fi# =05

« Step 1: A HB =L/ AFALE

o Step 2:7%E B RS Bilsamplingfi {4 » SKf#Samplingfly
Uy ,ﬁiﬂg

U, 0 2 Ug,0x (C9)
~Ug Blog —» u,0 (C10)  thimmamisiEn

» Step 3:ETEEHFTK P(X,, = 10)?
BRUERE T » L D AEREEREAKE)
o Step 4:KZ HEu &L E

[k X or u (S HEIE ]
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Proposition | u=np A
7h _ D\ - .
c“=np(l—p)| EP)=p . P-p
V(i’)=0;=p(]_p) \/ p(l-p)/n
Nn
Difference Ui — U . -
(Xl-X2) 1 2 0uf| ‘I: - 0u’1 Ole 7. ( l X3 ) - (.“1 - ‘U_, )
G o; . 0,
O- = \ ”l n
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A — e (RN, 2,3)

 The amount of time the university professors devote
to their jobs per week 1s normally distributed with a
mean of 52 hours and a standard deviation of 6 hours

—a. What is the probability that a professor works for more
than 60 hours per week?

Stepl: B H AL

P(X>60)

Step2: K AHu, sd

u =52, oy =6(EMHENE)

o Step3:IFi bk

(X-u_ 60-52)
P(X > 60)= P| ——L > 606' |=P(Z>133)=1-PZ<133)=1- 9082 =.0918
\ G )
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R —

 The amount of time the university professors devote
to their jobs per week 1s normally distributed with a
mean of 52 hours and a standard deviation of 6 hours,.
—a. If they random chose four professors, what 1s the

probability that a professor works for more than 60 hours per
week?

« Stepl: fEHATUL
e P(X>60)
o Step2: K AHYu,sd

* Uy =52, 0y = 6/\/1(?[‘;33;2[3)
o Step3:1FRA{EK##E

p(X > 60) = p(X

L 60;52) = P(Z > 2.66) =0.00383

o
Jn 2
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AR — ¢ Proportion(Proportion , Binomial)

* The parameter of interest for nominal data 1s the
proportion of times a particular outcome (success)
OCcCurs.

e To estimate the population proportion p’ we use the
sample proportion.

. The number
i =l N

S E?Q 2 M\Z&ﬁ“@ ,40f successes
N X

The estimate of\p =p =
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AEAT ¢ Proportion

Using the laws of expected value and variance, we can
determine the mean, variance, and standard deviation of P .

(The standard deviation of P is called the standard error of
the proportion.)

. (T2 HPAZED?
EP) = p BHRERAP R D

A (1= p) N R E ARG 2 8 (parameter)
V(P)=0? = PETP)  ppiskessit (Statstic)

P
n
Wi R and A {08

0, = \/ p(1-p)/n
Sample proportions can be standardized to a standard normal
distribution using this formulation: Pop

L=—— .
\/ p(l—p)/n
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#ER — ¢ Proportion ( #5H10/4,5,6)

» A psychologist believes that 80% of male drivers
when lost continue to drive, hoping to find the
location they seek rather than ask directions. To
examine this belief, he took a random sample of
350 male drivers and asked each what they did
when lost. If the belief 1s true, determine the
probability that less than 75% said they continue

dI'iViIlg. p= p= 0.8
Step1: H28H H /A= A n
b <075 oM p= p =075
Step2: KA, sd n= n=350

Step3: TFRR{EK A
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FHA — ¢ Proportion

o Stepl: #HHEH AL
. P(p <0.75)
o Step2:>KEEAHYu, sd

A 1— 0.8(1—0.8
. E(p)=p=0.8,0p=\/p(np)=\/ (350 )

A

- P-p
o Step3:IE/i\E{ bj@ﬁzﬁ ‘= \/ p(1-p)/n

P- 75~ -
p B opg<-234)= 0096

P(P 215)=
\/p -p)/n JSOI 80)/350 |
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A — I Difference of two means

The final sampling distribution introduced 1s that of the
difference between two sample means. This requires:

=» independent random samples be drawn from each of two
normal populations

If this condition 1s met, then the sampling distribution of the

difference between the two sample means,i.e. X, - X,

—_

will be normally distributed.

(note: if the two populations are not both normally
distributed, but the sample sizes are “large” (>30), the
distribution of X, - X, 18 approximately normal)
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AFJE] = I Difference of two means

Since the distribution of X, -X, is normal and has a

mean of u_;] X, u - u,

o o 0,
and a standard deviationof o, . = \/ ‘ "
o n_n,

We can compute Z (standard normal random variable) in this

Way: (%= X))~ (- i)

2 2
O, L 9
+
n,_n,
9.15

Z
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kgri= : Difference of two means (JE{..7,8)

 The manager of a restaurant believes that waiters and
waitresses who introduce themselves by telling
customers their names will get larger tips than those
who don't. In fact, she claims that the average tip for the

former group 1s 18% whereas that of the latter 1s only
15%.

e If tips are normally distributed with a standard deviation
of 3 %, what 1s the probability that in a random sample
of 10 tips recorded from waiters and waitresses who
introduce themselves and 10 tips from waiters and
waitresses who don’t, the mean of the former will
exceed that of the latter?

iErAN<30, fe A H RE T ECHS 2 Why?
aILL s R R HER M E IR S B iR - AT A E R 2R

Copyright © 2009 Cengage Learning



KEI = : Difference of two means

 The manager of a restaurant believes that waiters and
waitresses who introduce themselves by telling
customers their names will get larger tips than those
who don't. In fact, she claims that the average tip for the

former group 1s 18% whereas that of the latter 1s only
15%.

e If tips are normally distributed with a standard deviation
of 3 %, what 1s the probability that in a random sample
of 10 tips recorded from waiters and waitresses who
introduce themselves and 10 tips from waiters and
waitresses who don’t, the mean of the former will
exceed that of the latter? - T

(X, - X,)- (0, - u,)

ul= n1= u1=0.18  Ou1=0y; =0.03 £ =
u2= n2=
u2=0.15  n1=10,n2=10

Oyu1— Oy2
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o Stepl: U HAFAE
. P(X1-— X2>0)

o Step2:>KiEAAu,sd

sz, = — U X, - X
X=X W - =(X|—X3)_(a“|_a“2)

5 ? z - -
o, O, O 09

- T = + — +
T - n o on, n, n,

 Step3:IEFLKE

(X1 =Xy) -Gy —py)  0-(18-15) | _ P(Z >—2.24) = 1- P(Z < —2.24)

PR, X, >0)=P b
c; ©3 3© 37
—+—= +
n; 1> 10 10 |
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Example 4 (52 # sampling mean)

Here’s another way of expressing the probability calculated from a
sampling distribution.

P(-196 <Z <1.96)= 95
0.95

Substituting the formula for the sampling distribution

0.05/2 0.05/2
X —
P(-1.96 < =—2 2 1.96) = .95
o/n |
With a little algebra |

P(h-196—> <X <uw+1.96—2) =95

\E Jn~ a i 2

P(u— Zg <X<u+Za>)=1-a
2

EIs

aztype 1 error
1-aZ(E LKEE
K XHIEFEIEE] - uL 2 EEAEE
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Example 4 (& # sampling mean)

Returning to the chapter-opening example where y = 800,0 = 100,
and n =25, we compute

= 1
P(800—1.96£ < X <800 +1.96ﬂ) =.95

V25 V25

or

X K XA ETEEER ¢ ut g fEsE
P(760.8 <X <839.2)=.95 Sk RIVSHEER] ¢ ut s

This tells us that there 1s a 95% probability that a sample mean will
fall between 760.8 and 839.2. Because the sample mean was
computed to be $750, we would have to conclude that the dean's
claim 1s not supported by the statistic.
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HW#6 (Proportion)

e 6. The Agency for Healthcare Research and Quality reports that medical errors are
responsible for injury to 1 out of every 25 hospital patients in the United States.
(Data extracted from M. Ozan-Rafferty, “Hospitals: Never Have a Never Event,”
The Gallup Management Journal, gmj. gallup.com,May 7, 2009.) These errors
are tragic and expensive. Preventable health care—related errors cost an estimated
$29 billion each year in the United States. Suppose that you select a sample of
100 U.S. hospital patients.

e a. Whatis the probability that the sample percentage reporting injury due to
medical errors will be between 5% and 10%?

* b.Theprobability is 90% that the sample percentage will be within what
symmetrical limits of the population percentage?

e c. The probability is 95% that the sample percentage will be within what
symmetrical limits of the population percentage?

Step1: #URH H/AFUL
Step2: 3K A HYu, sd
Step3: 1F R B K#
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HW#6

e 6. The Agency for Healthcare Research and Quality reports that medical errors are
responsible for injury to 1 out of every 25 hospital patients in the United States.
(Data extracted from M. Ozan-Rafferty, “Hospitals: Never Have a Never Event,”
The Gallup Management Journal, gmj. gallup.com,May 7, 2009.) These errors
are tragic and expensive. Preventable health care—related errors cost an estimated
$29 billion each year in the United States. Suppose that you select a sample of
100 U.S. hospital patients.

e a. Whatis the probability that the sample percentage reporting injury due to
medical errors will be between 5% and 10%?

Stepl: {UEH H AL

P(O 05<p <0.1) E(p)=p=0.04,0 \/7"(1 ?) \/0'04(110‘0"'04) =0.0196

Step2: KR AN ’juj,j

Step3: TER{ LK i (0.05— 0.04) , (0.1—0.04) (05102 < Z < 3.0619)
P\ 00196 /<% <P\ Too196 ) TP =23
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HW#6

e Type equation here.6. The Agency for Healthcare Research and Quality reports
that medical errors are responsible for injury to 1 outof every 25 hospital patients
in the United States. (Data extracted from M. Ozan-Rafferty, “Hospitals: Never
Have a Never Event,” The Gallup Management Journal, gmj. gallup.com,May 7,
2009.) These errors are tragic and expensive. Preventable health care—related
errors cost an estimated $29 billion each year in the United States. Suppose that
you select a sample of 100 U.S. hospital patients.

* b.Theprobability is 90% that the sample percentage will be within what
symmetrical limits of the population percentage?

e c. The probability is 95% that the sample percentage will be within what
symmetrical limits of the population percentage?

’p(ln—p) _ \/0.04(110—00.04) ~0.019
K XIEHEEE - ur R A

b. P(A< X < B)=P(0.0078 < X < 0.0722)
A:0.04-1.645*0.0196=0.0078
B: 0.04+1.645*0.0196=0.0722

E(p)=p=0.04, 0,
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HW#7 (Difference of two means)

e 7. A factory worker (call him “Worker 1) has a productivity that 1s
normally distributed, producing an average of 75 units per day, with
a standard deviation of 20. Another worker (call him “Worker 2”)
also has a normally distributed productivity, with a mean of 65 units
per day and a standard deviation of 21. Suppose both workers’
productivities are independent of each other. What is the probability
that during one week (5 working days) worker 1 will outproduce
worker 27

* Stepl: {HEH AL

e P(X1 — X2>0)

o Step2: KA u, sd

o Step3:FFRAESKHE
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HW#7 (Difference of two means)

e 7. A factory worker (call him “Worker 1) has a productivity that 1s
normally distributed, producing an average of 75 units per day, with
a standard deviation of 20. Another worker (call him “Worker 2”)
also has a normally distributed productivity, with a mean of 65 units
per day and a standard deviation of 21. Suppose both workers’
productivities are independent of each other. What is the probability
that during one week (5 working days) worker 1 will outproduce

worker 27
» Stepl: {EEEHATAL U5 -5, = U — Uy
° P()ﬁ — ﬁ>0) o> o
o Step2:>KEEAHJu,sd  75-n 7 \/ ﬁ s
o Step3:1EFLOK A
u1=75 01 =20

n1=n2=5
u2=65 O-u1:21
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HW#7 (Difference of two means)

e 7. A factory worker (call him “Worker 1) has a productivity thatis normally
distributed, producing an average of 75 units per day, with a standard deviation of
20. Another worker (call him “Worker 2”°) also has a normally distributed
productivity,with a mean of 65 units per day and a standard deviation of 21.
Suppose both workers’ productivities are independent of each other. What is the
probability that during one week (5 working days) worker 1 will outproduce

worker 27
o Step3:1FHR{EKAE
!1;l—§é - !tl'_'!tz

0-10

P(X1- X;>0)=p(Z > o5

)= P(Z > —0.77106)
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7 = —
(B.50) (FRH0) Y
A u. = u L
O‘l.llz | T: 7 — X — |28
O = < o/ \/H
n

Proposition | y=np

/ =
" y l' ) :
V(P)=0; ! =p \/ p(l—p)/n
n
Difference U — U _ -
(X1-X2) 1 2 Wz, = — W, Z—( X)) (- )
0%y, —u, o o
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