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Learning Objectives

Define a point estimate.

Define level of confidence.

Compute a confidence interval for the population
mean when the population standard deviation is
Known.

Compute a confidence interval for a population mean
when the population standard deviation is unknown.
Compute a confidence interval for a population
proportion.

Calculate the required sample size to estimate a
population proportion or population mean.

Adjust a confidence interval for finite populations
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LO1 Define a point estimate.

Point Estimates

m A IS X - H
a single value

(point) derived from S —> O
a sample and used

to estimate a S 2 - 02
population value.

P > 7
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LO2 Define a confidence estimate. (

Confidence Interval Estimates

m A IS a range
of values constructed from sample data so
that the population parameter is likely to
occur within that range at a specified
probabllity. The specified probability is called
the level of confidence.

{ C.l. = point estimate = margin of error }

9-4



LO2
Factors Affecting Confidence

Interval Estimates

The width of a confidence interval are
determined by:

1.The . n.

2.The , usually
o estimated by s.

3.The desired
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LO3 Compute a confidence interval for the population
} mean when the population standard deviation is known.

Confidence Intervals for a Mean — o Known

CONFIDENGE INTERVAL FOR POPULATION v, 9
X*z [9-1]
MEAN WITH o KNOWN vVn

x —sample mean

Z —z - value fora particular confidencelevel
o — the population standard dewviation

n — the number of observations in the sample

1. The width of the interval is determined by the level of confidence
and the size of the standard error of the mean.

2. The standard error is affected by two values:
Standard deviation
Number of observations in the sample
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Interval Estimates - Interpretation

For a 95% confidence interval about 95% of the similarly
constructed intervals will contain the parameter being estimated.
Also 95% of the sample means for a specified sample size will lie
within 1.96 standard deviations of the hypothesized population

po—1.98 T-T M

2

X

Population mean

A

-\."T
B+ 1.96 7

Scale of X

Sample 1 of size 256, It mcludes
the population mean.

Sample 2 of size 256. It ndudes
the population mean

Sample 3 of size 256, it ncudes
the population mean

Sample 4 of size 256, 1 ncludes
the population mean.

Sarmphe 5 of size 256, It does not
include the population mean.

Sample & of size 256, 1 ncudes
the population mean.

LO3
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LO3

Example: Confidence Interval for a Mean —
o Known

The American Management Association wishes to
have information on the mean income of middle
managers in the retalil industry. A random sample
of 256 managers reveals a sample mean of
$45,420. The standard deviation of this population
Is $2,050. The association would like answers to
the following questions:

1. What is the population mean?

2. What is a reasonable range of values for the
population mean with a 95% confidence?

3. What do these results mean?
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LO3

Example: Confidence Interval for a Mean —
o Known

The American Management Association wishes to have information
on the mean income of middle managers in the retail industry. A
random sample of 256 managers reveals a sample mean of
$45,420. The standard deviation of this population is $2,050. The
association would like answers to the following questions:

What is the population mean?

In this case, we do not know. We do know the

IS the corresponding

The sample mean of $45,420 is a of the unknown
population mean.
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How to Obtain z value for a Given
Confidence Level

The 95 percent confidence refers
to the middle 95 percent of the
observations. Therefore, the
remaining 5 percent are equally
divided between the two tails.

Following is a portion of Appendix B.1.

LO3

[ T e b

1.96

Scale of z

z

0.00 0.1 0.02 0.03 0.0 0.05

0.06

0.07

0.08

0.09

1.5
1.6
1.7
1.8
1.8

2.0
21
2.2
2.3
24

04332 04345 04357 04370 04352 043
0.4452 04463 04474 04434 04495 04505
04554 04564 04573 04582 04591 04599
04641 04649 04656 04664 04671 04678
04713 04719 04726 04732 04732 0474

04772 04778 04783 04735 04793 04798
04321 04526 04830 04834 048328 04842
04367 04564 048653 04871 04875 04878
04393 0459 04535 04500 04204 04906
04918 04920 04922 04925 04927 04929

0.4406
0.4515
0.4608
0.4686
0.4750

0.4503
0.4546
0.4581
0.4908
0.4931

0.4415
0.4525
04616
045683
0.4756

0.4505
0.4850
0.4584
0.4911
0.4932

0.4429
0.4535
0.4625
0.4659
04761

04812
0.4854
0.4887
0433
0.4934

0.4441
0.4545
0.4633
0.4706
04767

0.4517
0.4857
0.4590
0.4916
0.4936
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LO3

Example: Confidence Interval for a Mean —
o Known

The American Management Association wishes to have information
on the mean income of middle managers in the retail industry. A
random sample of 256 managers reveals a sample mean of
$45,420. The standard deviation of this population is $2,050. The
association would like answers to the following questions:

What is a reasonable range of values for the population mean?

Suppose the association decides to use the 95 percent level of
confidence:

_ 2,050
X+ 77 _ $45.420 = 1.96 2220 _ 645 420 = $251
vn /256

The confidence limit are $45,169 and $45,671
The +£$251 is referred to as the margin of error
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LO3

Example: Confidence Interval for a Mean -
Interpretation

The American Management
Association wishes to have
information on the mean income of
middle managers in the retail industry.

A random sample of 256 managers
reveals a sample mean of $45,420.
The standard deviation of this
population is $2,050. The confidence
limit are $45,169 and $45,671

What is the interpretation of the o190, ?‘ HOG s
confidence limits $45,169 and : o
$45,6717? : mo s

% S;anil:!-: ,i of size 256, It includes
X; the I"lelll [ation -'l'lf"_-'lr-‘:—
If we select many samples of 256 + o
managers, and for each sample we ‘ Sl o sz8255 1 doos o
compute the mean and then construct - Sanplo 6 of e 256, includes
a 95 percent confidence interval, L

Population mean

Conversely, about 5 percent of the
intervals would not contain the
population mean annual income, p
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LO4 Compute a confidence interval for the population mean
' when the population standard deviation is not known.

Population Standard Deviation (o) Unknown

In most sampling situations the population standard deviation (o) is
not known. Below are some examples where it is unlikely the
population standard deviations would be known.

1. The Dean of the Business College wants to estimate the mean number of
hours full-time students work at paying jobs each week. He selects a
sample of 30 students, contacts each student and asks them how many
hours they worked last week.

2. The Dean of Students wants to estimate the distance the typical commuter
student travels to class. She selects a sample of 40 commuter students,
contacts each, and determines the one-way distance from each student’s
home to the center of campus.

3. The Director of Student Loans wants to know the mean amount owed on
student loans at the time of his/her graduation. The director selects a
sample of 20 graduating students and contacts each to find the information.
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LO4
Characteristics of the t-

distribution

1. It is, like the z distribution, a

2. Itis, like the z distribution, and
3. There is . but rather

All t distributions have a mean of O, but their standard deviations
differ according to the sample size, n.
4. The
As the sample size increases,
however, the t distribution approaches the standard normal
distribution

Z distribution

t distribution
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.l- LO4

Comparing the z and t Distributions when n
IS small, 95% Confidence Level

Distribution of 2

1.96 1.96  Scaleofz

Distribution of ¢

2.776 2776 Scaleof t

CHART 9-2 Values of z and ¢ for the 95 Percent Level of Confidence
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Confidence Interval for the Mean — -

Example using the t-distribution

A tire manufacturer wishes to

investigate the tread life of its Given in the problem:
tires. A sample of 10 tires

driven 50,000 miles revealed a n=10

sample mean of 0.32 inch of - 0.32
tread remaining with a standard X=U.
deviation of 0.09 inch. s=0.09

Construct a 95 percent
confidence interval for the
population mean.

. Compute the C.1. using the
Would it be reasonable for the

manufacturer to conclude that t - dist. (since o Is unknown)
after 50,000 miles the

population mean amount of X +1 S

tread remaining is 0.30 inches? — al2n-d Jn
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Student’s t-distribution Table

Compute the C.L Confidence Intervals
5 0 5 5 Bl 90%: 9% 8% W%
USll'lg the t - dISt' (SIHCE 018 unkn(mm) Level of Slgnificance for Gne-Talled Test
df 0.100 0.050 0025 0.00 s
I +¢ 5 Level of Slgnificance for Two-Tailed Test
z/n-1 -\/E 0.20 0.10 0.05 0.02 0.01
1 3078 6314 12,708 n.aa 63657
2 1645 2.920 4,203 G.O65 0.9
— f :I:I 5 i 1.638 2353 3182 4.541 584
- 0512104 4 1.533 2132 2776 374 4,504
-\/]‘_I 5 1476 2M5 2571 3365 4,032
[ 1.440 1.943 2447 3143 3707
0. 09 ) 1.415 1.849% 2.365 2008 24404
= U.SZ:EIDH 0 3 1347 1.360 f%ﬂ 2.808 3.355
’ ? | 9 1.383 1.833 ! [2.282] ¢ 2.8 3.250
1 ﬂ 0 1.372 1.81¢ l-"?-.:-’?ﬂ" I 2064 3,169
0.09
=0321£2262—
'\,1'1 U Distribution of ¢
=0.3210.064 rl i
— (0.256,0.384) . / s
Conclude : the manufacturer can be reasonably /' T "
. . > | \[\h T
sure (95% confident) that the mean remaining _— .-
2.262 +2.762 Scale of f

tread depth 1s between 0.256 and 0.384 inches.

LOA4
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LO4

Confidence Interval Estimates for the Mean —

Using Minitab

The manager of the Inlet Square Mall, near
Ft. Myers, Florida, wants to estimate the
mean amount spent per shopping visit by
customers. A sample of 20 customers
reveals the following amounts spent.

$48.16
37.92
49.17

$42.22 $46.82 $51.45 $23.78 $41.86 $54.86
92.64 48.59 50.82 46.94 61.83 61.69
61.46 51.35 52.68 58.84 43.88
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LO4
Confidence Interval Estimates

for the Mean — By Formula

Compute the C.I.
using the t - dist. (since o is unknown)

x|

+

S
ta/2,n—1 ﬁ

S
T t.05/2,20—1 ﬁ
9.01

025,19 ﬁ

=49.35+% 2.093%

J20
= 49.35+4.22

The endpoints of the confidenceinterval are $45.13and $53.57
Conclude: It is reasonable that the population mean could be $50.
The value of $60is not in the confidenceinterval. Hence, we
conclude that the population mean is unlikely to be $60.

I
X

=49.35+t
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LO4

Confidence Interval Estimates for the Mean —
Using Minitab

25 MINITAB - Untitled

| Ble Et Data Cak St Gaph Edtor Tooks Window Help |
SR &Rl Bt 1 AEGCed
a"m'uurn

* [ | c2 C
Amount 7/1/2008 3:50:23 PM

1 4816

2 4222 flelcome to Minitab, press FL for help.

2 4682 D riptive Statistics: Am _I
— W escriptive stics: Amount

5 23.78 Variable N N* Mean SE Mean StDev Minimum QL Median 03 Maximum

6 | 4186 Amount 20 0 49.35 .02 9.01 23.78 44.62 S0.00 54.32 61.83

7 54 86

i 57.92 One-Sample T: Amount U,

9 52 64 /7 \

10 48.59 Vacriable N Mean  Sthev SE Mean 95% CI \

11 | s082 Amount 20 49,3480 9.0121 2,0152({45.1302. 53, 5658)

12 | 4694 \ ,

~

13 | &1.83 ~___-"

14 61.69

15 4917

16 61.46

17 §1.35

18 5268 -
19 | 5884 | LA P
20 4388
<[ |
Current Workshest: Workshest | [Editatle | [3:55 P
Hmlgmlm |ﬂdwi'-lh-wm"l:_=mnm—m Address | « §7° W 3:55 P

9-20



'__
Confidence Interval Estimates for the Mean —
Using Excel

E: Microsolt Excel - Book 1

) Ble Edt View [nset Fomat Jook MegaStst Dats Window Heb fu JH A - EE

DEEdoY SRAY ¥R T i 10 - e -

B22 - ~

A | B | ¢ ] D I E | F |

1 |Amount Arnount
2% 4816
3§ 4222 Mean 49.35
4 | § 4682 Standard Ermor 202
5% 5145 Median 50.00
6|$ 2378 Mode A,
7% 4186 Standard Dewiation am
8 | § 5486 Sample Vanance 81.22
915% 3792 Kurlosis 2.26
10| § 5254 Skewness -1.00
11/§ 4859 Range 38.05
12| § 5082 Minimum 23.78
13| % 4694 Maximum 61.83 = ———
14| § 6183 Sum 986.96 Margin of Errar 1
15| § 6169 Count }D‘W m—— = el
16| % 4917 Confidence Level (95.0%) 4.221
17| § 6146 Ve
18|% 51.35
19| § 5268
20|% 5884
21|% 4388
2 1

LO4
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LOA4

Confidence Interval Estimates for the Mean

Use Z-distribution Use t-distribution
If the population If the population
standard deviation is standard deviation is
known or the sample unknown and the
IS greater than 30. sample is less than
30.

— O — S
Xtz— X t1—
Jn Jn
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When to Use the z or t Distribution for
Confidence Interval Computation

Estimation and Confidence Intervals

Assume the
population is
normal

Is the population
standard
deviation known?

No

Yes

Use the t distribution

Use the z distribution

CHART 9-3 Dectermining When to Use the z Distribution or the ¢ Distribution

LOA4
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LO5 Compute a confidence
interval for a population proportion.

A Confidence Interval for a Proportion (17)

The examples below illustrate the nominal scale of measurement.

1. The career services director at Southern Technical Institute
reports that 80 percent of its graduates enter the job market
In a position related to their field of study.

2. A company representative claims that 45 percent of Burger
King sales are made at the drive-through window.

3. A survey of homes in the Chicago area indicated that 85
percent of the new construction had central air conditioning.

4. A recent survey of married men between the ages of 35 and
50 found that 63 percent felt that both partners should earn a
living.
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LO5

Using the Normal Distribution to
Approximate the Binomial Distribution

To develop a confidence interval for a proportion, we need to meet
the following assumptions.

1. The , discussed in Chapter 6, have been met.
Briefly, these conditions are:
a. The sample data is the result of counts.
b. There are only two possible outcomes.
c. The probability of a success remains the same from one trial
to the next.

d. The trials are independent. This means the outcome on one
trial does not affect the outcome on another.

2. The
. This condition allows us to invoke the central limit theorem and

employ the standard normal distribution, that is, z, to complete a
confidence interval.
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LO5

Confidence Interval for a Population
Proportion - Formula

ff"'

SAMPLE PROPORTION p = i}—( [9-3]J
L

p

CONFIDENCE INTERVAL FOR A L, p(1—p) [9-4]
\PDPULATIDN PROPORTION P =
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LO5
Confidence Interval for a Population Proportion-

Example

The union representing the First,compute the sample proportion:
Bottle Blowers of America X 1,600

(BBA) is considering a proposal

to merge with the Teamsters 2000

Union. According to BBA union
bylaws, at least three-fourths of Compute the 95%C.I.
the union membership must

approve any merger. Arandom ., _ . [p(l-p)

sample of 2,000 current BBA 1= PELap n

members reveals 1,600 plan to 80(1_.80)

vote for the merger proposal. —080+1.96 |:°2+="°% _ 35+ 018
What is the estimate of the R , R

population proportion?
Develop a 95 percent
confidence interval for the

population proportion. Basing Conclude : The merger proposal will likely pass
your decision on this sample

information, can you conclude because the interval estimateincludes values greater
that the necessary proportion of than 75 percentof the union membership.

BBA members favor the

merger? Why?

—(0.782, 0.818)
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LOG6 Calculate the required sample size to estimate a
' population proportion or population mean.

Selecting an Appropriate
Sample Size

There are 3 factors that determine the
size of a sample, none of which has
any direct relationship to the size of
the population.
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LOG6

What If Population Standard
Deviation Is not Known

1. Conduct a Pilot Study
2. Use a Comparable Study
3. Use a Range-based approach
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LOG6

Sample Size for Estimating
the Population Mean

L-O

where:
n is the size of the sample.
z is the standard normal value corresponding to the desired level of confidence.
o is the population standard deviation.
E is the maximum allowable error.
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Sample Size Determination =

for a Variable-Example

A student in public administration

wants to determine the mean amount

members of city councils in large cities 2
earn per month as remuneration for L-O
being a council member. The error in nN=|—
estimating the mean is to be less than

$100 with a 95 percent level of

confidence. The student found a report

by the Department of Labor that

estimated the standard deviation to be 2
$1,000. What is the required sample _ (1.96)($1,000)

Given in the problem: — (19.6)2
E, the maximum allowable error, is

$100 =384.16

The value of z for a 95 percent level of
confidence is 1.96, =385

The estimate of the standard deviation
is $1,000.
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LOG6

Sample Size Determination for
a Variable- Another Example

A consumer group would like to estimate the mean monthly

electricity charge for a single family house in July within $5
using a 99 percent level of confidence. Based on similar

studies the standard deviation is estimated to be $20.00. How
large a sample is required?

2
. ((2.585)(20)j 107
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Sample Size for Estimating a

Population Proportion

n=x(l- ﬂ)(éj

where:
n is the size of the sample
z is the standard normal value corresponding to
the desired level of confidence
E is the maximum allowable error

LOG6
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LOG6

Sample Size Determination -
Example

The American Kennel Club wanted to estimate the
proportion of children that have a dog as a pet. If the
club wanted the estimate to be within 3% of the
population proportion, how many children would they
need to contact? Assume a 95% level of confidence
and that the club estimated that 30% of the children
have a dog as a pet.

n =7l n)@]

2
N :(.30)(.70)(%] — 897
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LOG6

Another Example

A study needs to estimate the 7 2
proportion of cities that have n = 72-(1_ 72-) -
private refuse collectors. The E

iInvestigator wants the margin of

error to be within .10 of the

population proportion, the

desired level of confidence is

90 percent, and no estimate is n= (-5)(1—-5)(
available for the population

proportion. What is the required  n =69cities
sample size?

1.65

2
—j =68.0625
10

9-35



LO7 Adjust a confidence interval for
finite populations.

Finite-Population Correction
Factor

A population that has a fixed upper bound is said to be finite.

For a finite population, where the total number of objects is N
and the size of the sample is n, the following adjustment is made
to the standard errors of the sample means and the proportion.

However, if n/N < .05, the finite-population correction factor may
be ignored.

Standard Error of the Mean Standard Error of the Proportion

o, =2 NN __ [p@-py [N-n
n\y N -1 p n I N-1
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LO7/

Effects on FPC when n/N
Changes

Finite-Population Correction Factor for Selected Samples When
the Population Is 1,000

Sample Fraction of Correction
Size Population Factor
10 010 9955
25 025 9879
50 050 9752
100 100 9492
200 200 8949
500 500 7075
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LOY

Confidence Interval Formulas for Estimating Means and
Proportions with Finite Population Correction

C.l. for the Mean (n) C.l. for the Mean ()
N —n — S |N-—

ol \/ X +1 \/
T Jn VN -

C.l. for the Proportion ()

p—p) [N-
[P
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LO7/

Cl for Mean with FPC - Example

There are 250 families in
Scandia, Pennsylvania. A
random sample of 40 of
these families revealed
the mean annual church
contribution was $450 and
the standard deviation of
this was $75.

Could the population

mean be $445 or $425?

1. What is the population
mean? What is the best
estimate of the population
mean? Develop is 90%
confidence interval.

2. Discuss why the finite-
population correction
factor should be used.

Given in Problem:

N — 250
n—40
s-%$75

Since n/N = 40/250 = 0.16, the
finite population correction factor
must be used.

The population standard
deviation is not known therefore
use the t-distribution (may use
the z-dist since n>30)

Use the formula below to
compute the confidence interval:

— S N —n
X *+t
Jn VN -1
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LO7/

Cl For Mean with FPC -
Example

— s |IN-n
X+tt—
JnUN-1

$75 [250-40
.10/2,40—1m 250_1
$75 [250-40
J4oV 250-1
= $450+$19.981.8434
= $450+ $18.35
= ($431.65, $468.35)

=$450+t

=$450+1.685

Itis likely that the population mean is more than $431.65 but less than $468.35.
To put it another way, could the population mean be $445? Yes, but itis not
likely that itis $425 because the value $445 is within the confidence

interval and $425 is not within the confidence interval.
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