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Why Sample the Population?

e |t is impossible to check all items in the
population.

e The cost of studying all the items in a
population is prohibitive.
e The sample results are usually adequate.

e Contacting the whole population would often
be time-consuming.

e The destructive nature of certain tests.
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Probability Sampling
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e A probability sample is a sample
selected such that each item or
person in the population being
studied has a known likelihood of
being included in the sample.

Simple Random Sample

e Simple Random Sample: A sample selected so
that each item or person in the population has
the same chance of being included.

e A method of selecting a random sample is to
use the identification number of each employee
and a table of random numbers.




Systematic Random Sampling

\ \

e Systematic Random Sampling: The items or
individuals of the population are arranged in some
order. A random starting point is selected
between 1 and k, and then every kth member of
the population is selected for the sample. k is
calculated as the population size divided by the
sample size.
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Cluster Sampling (# &4 # )
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e Cluster Sampling (¥ =4 # )
A population is divided into clusters using
naturally occurring geographic areas or other
boundaries. Then, clusters are randomly

selected and a sample is collected by randomly
selecting from each cluster.

—
Stratified Random Sampling
- |
e Stratified Random Sampling: A population is first divided
into subgroups, called strata, and a sample is randomly
selected from each stratum.
e For example, college students can be grouped as full time
or part time, male or female.
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Cluster Sampling (¥ %23 )
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Nonprobability Sample

e In nonprobability sample inclusion in the
sample is based on the judgment of the
person selecting the sample.

Sampling Error

10

e Samples are used to estimate population characteristics.
For example, the sample mean is used to estimate the

population mean.
Sample Statistic =» Population Parameter

e The sampling error is the difference between a sample
statistic and its corresponding population parameter.

Sampling Error = X - 7
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# 48 & gz (Population Distribution) vs. 3 $k 4 fiz
(Sampling Distribution)
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Sampling Distribution of the Sample

Means

18
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e The sampling distribution of the sample
mean is a probability distribution of all
possible sample means of a given sample
size selected from a population.

Example 1:
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Example 1 vs. Example 2
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"3 LA W F]+ (Finite Population

Correction Factor, FPC)
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Sample Means - Example
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Tartus Industries has seven production employees (considered the
population). The hourly earnings of each employee are given in the
table below.

TABLE B=2 Hourly Eamings of the Production Emploves of Tartus Industries
Employes Hourly Eamings Employee Hourly Eamings
Joe 57 Jan §7
Sam 7 At ]
Sue 8 Ted 9
Bab 8

1. What is the population mean?
2. What is the sampling distribution of the sample mean for samples of size 2?
3. What is the mean of the sampling distribution?

4. What observations can be made about the population and the sampling
distribution?
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Wibution of the

Sample Means - Example

1. The population mean is §7.71, found by:

_3X §7+87+98+88+87+988+89

p= N 7 =§771

2. To arrive at the sampling distribution of the sample mean, we need to select all
possible samples of 2 without replacement from the population, then compute
the mean of each sample. There are 21 possible samples, found by using for-
mula (5-10) on page 173.
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Qﬁmpﬁnrfb'rs‘r#ibution of the

Sample Means - Example
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TABLE 8=3 Sample Means for All Possible Samples of 2 Emplovees

Hourly Hourly

Sample Employees Earnings Sum  Mean Sample  Employees  Eamnings  Sum Mean
1 Joe, Sam §7.57 514 §7.00 12 Sue, Bob $8.%8 $16 $8.00
2 Joe, Sue 7,8 15 750 13 Sue, Jan 8 7 15 7.50
3 Joe, Bob 7.8 15 7.50 L] Sue, Art 8 8 16 800
4 Joe, Jan 1.7 14 7.00 15 Sue, Ted 8 9 17 &S50
3 Joa, Art 1. 8 15 7.50 16 Bab, Jan 8 7 15 7.50
3 Joe, Ted 7. 8 16 8.00 17 Bob, Art 8 8 16 800
7 Sam, Sue 7.8 15 7.50 18 Bob, Ted 8 9 17 &850
8 Sam, Bob 7. 8 15 7.50 19 Jan, Art 7. 8 15 7.50
9 Sam, Jan 7.7 14 7.00 20 Jan, Ted 1.8 16 &.00
10 Sam, At 7.8 15 750 21 Art, Ted 8 9 17 850
Al Sam, Ted 7.9 16 8.00




Qﬁmmwli'rs‘r#ibution of the

Sampling Distribution of the Sample
Means - Example

Sample Means - Example
_ Sum of all sample means _ $7.00 + $7.50 + --- + $8.50
P% = Total number of samples 21
$162
= = %7.71
21 $
Population distribution Distribution of sample mean
= Ak | = 40 -
5 30) E 30
s 20 E .20}
= a0t I A0k |
7 ] 4 Hourly earnings 775 885 9 X Sample mean
ny of hourly eamings
CHART 8=1 Distributions of Population Values and Sample Mean
33
—_
[P 2 N\ -
X T3 R A fie

35

o b X pEApcnT ok ¥ il R X 7
BIRFR A e ?

o Foraggame X~ N(u, 02 Bl X e 4 i
20 X~ Ny, o2ln)-

o FAMMNTIOEERRAEL L p B oo RAL
fetd LA B X A RA ek i @ T g
#P&5 0 & o?ne

o AR X kA fehiro
e Ty gy X
el

HiEY LR EIL o, R
i FeARiT 3 F A

34

e Observations

1. The mean of the sample means is exactly
equal to the population mean.

2. The dispersion of the sampling distribution of
sample means is narrow than the population
distribution.

3. The sampling distribution of sample means
tends to become bell-shaped and to
approximate the normal probability distribution.

Central Limit Theorem (¥ & {&*3z32)
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e For a population with a mean y and a variance
02, the sampling distribution of the means of all
possible samples of size n generated from the
population will be approximately normally
distributed.

e The mean of the sampling distribution equal to
and the variance equal to o2/n.
X ~ N(u, o)

_ Xep

z="E O N(o, 1)
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Populations

. .

Sampling Distributions

F2AN J

Using the Sampling Distribution of the Sample
Mean (Sigma Known) - Example

-l
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The Quality Assurance Department for Cola, Inc., maintains
records regarding the amount of cola in its Jumbo bottle. The
actual amount of cola in each bottle is critical, but varies a small
amount from one bottle to the next. Cola, Inc., does not wish to
underfill the bottles. On the other hand, it cannot overfill each
bottle. Its records indicate that the amount of cola follows the
normal probability distribution. The mean amount per bottle is
31.2 ounces and the population standard deviation is 0.4
ounces. At 8 A.M. today the quality technician randomly
selected 16 bottles from the filling line. The mean amount of
cola contained in the bottles is 31.38 ounces.

Is this an unlikely result? Is it likely the process is putting too much
soda in the bottles? To put it another way, is the sampling error
of 0.18 ounces unusual?

Using the Sampling Distribution of the Sample
Mean (Sigma Known) - Example

40

Step 1: Find the z-values corresponding to the
sample mean of 31.38

_ X-—p 31.38-32.20

2= I soaldis "

80

10



Using the Sampling Distribution of the Sample
Mean (Sigma Known) - Example

-l
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] Using the Sampling Distribution of the Sample
Mean (Sigma Known) - Example
C |
Step 2: Find the probability of observing a Z equal
to or greater than 1.80
31.20 31.38 Ounces (¥)
1] 1.80 Zvalug
CHART 8-6 Sampling Distribmtion of the Mean Amount of Cola in a Jumbo Bottle
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What do we conclude?

It is unlikely, less than a 4 percent chance, we
could select a sample of 16 observations
from a normal population with a mean of 31.2
ounces and a population standard deviation
of 0.4 ounces and find the sample mean
equal to or greater than 31.38 ounces.

We conclude the process is putting too much
cola in the bottles.
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End of Chapter 8
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