Chapter

7:

Sampling and Sampling Distributions

Page 1/36

統計學 (一)
Anderson’s Statistics for Business & Economics (14/E)

Chapter 7: Sampling and Sampling Distributions
上課時間地點: 二 D56, 學思 040103
授課教師: 吳漢銘 (國立政治大學統計學系副教授)
教學網站: http://www.hmwu.idv.tw

系級:

學號:

姓名:

Overview
1. Definitions:
(a) An

element

is the entity on which data are collected.

(b) A

population

(c) A

sample

is the collection of all the elements of interest.

is a subset of the population.

2. Why select a sample? Answer: collect data to make an
research

questions

and answer

inference

about a population.

3. The sample contains only a
only

estimates

of the population. Sample results provide
portion
of the values of the corresponding population characteristics.

4. Some

is to be expected. With proper sampling methods, the
sampling error
sample results will provide “good”estimates
of the population parameters.

5. Numerical characteristics of a population are called

parameters

.

6. This chapter:
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(a) show how simple random sampling can be used to select a sample from a
(b) describe how a random sample can be taken from an

infinite

finite population

population

that is generated by an ongoing process.
(c) how to compute

of a population mean, a population standard
estimates
deviation, and a population proportion.

(d) introduce the important concept of a

sampling distribution . It enables
us to make statements about how close the sample estimates
are to the
corresponding

population parameters

.

(e) discuss some alternatives to simple random sampling that are often employed in
practice and the ramifications of

7.1

large samples

on sampling distributions.

The Electronics Associates Sampling Problem

1. Background: The director of personnel for Electronics Associates, Inc. (EAI), has
been assigned the task of developing a profile of the company’s 2500 managers
(population, N = 2500).
2. Interested: The characteristics to be identified include the

annual salary
mean
of managers having completed the com-

for the managers and the

proportion
pany’s management training program.

3. Population Data: The population contains the annual salary and the training
program status for all 2500 managers (referring to the firm’s personnel records)
(Dataset: EAI).
4. Population Parameters: The population
the population
lation

annual salary (µ = $71, 800),
mean
of annual salary (σ = $4000), and the popu-

standard deviation
that completed the training program (p = 1500/2500 = 0.60)
proportion

are parameters of the population of EAI managers.
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5. Question: Suppose that the necessary information on all the EAI managers was not
readily available in the company’s database. How the firm’s director of personnel can
obtain

of the population parameters by using a sample of managers,
estimates
say a sample of 30 managers (n = 30).
6. Sample Data: If the personnel director could be assured that a sample of 30 managers would provide adequate information about the population of 2500 managers,
the

7.2

time

and the

of developing a profile would be substantially less.

cost

Selecting a Sample

Sampling from a Finite Population
1. A simple random sample: A

from a finite
simple random sample of size n
population of size N is a sample selected such that each possible sample of size n
has the same probability of being selected.

2. One procedure for selecting a simple random sample from a finite population is to
use a

to choose the elements for the sample one
table of random numbers
at a time in such a way that, at each step, each of the elements remaining in the
population has the


same probability

of being selected.



3. Example EAI managers
(a) First

assign the managers the numbers
names appear in the EAI personnel file.

1 to 2500 in the order that their

(b) (Table 7.1) Select random numbers from

in the table and
anywhere
in a direction of our choice in sets or groups of

move systematically
(largest number in the population list).
four digits

(c) E.g., Use the first row of Table 7.1 and move from left to right. The first 7
four-digit random numbers are
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6327 1599 8671 7445 1102 1514 1807

(d) The first number, 6327, is greater than 2500:

discarded . The first manager selected for the random sample is the 2nd number 1599 on the list of EAI
managers.

(e) This process continues until the simple random sample of 30 EAI managers
has been obtained.
(f) Any previously used random numbers are

ignored
sponding manager is already included in the sample.

because the corre-

4. If we selected a sample such that previously used random numbers are acceptable
and specific managers could be included in the sample two or more times, we would
be

sampling with replacement
replacement .

. Otherwise, it is referred to as

sampling without

5. Sampling without replacement is the sampling procedure used most often in practice. When we refer to simple random sampling, we will assume the sampling is
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replacement.

without

Sampling from an Infinite Population
1. The infinite population case: The population is

or the elements
infinitely large
of the population are being generated by an ongoing process for which there is
on the number of elements that can be generated. Thus, it is not
no limit
possible to develop a list
of all the elements in the population.

2. A random sample of size n from an infinite population is a sample selected such
that two conditions are satisfied.
(a) Each element selected comes from the
(b) Each element is selected

same

independently

population.

.

3. The purpose of the second condition of the random sample selection procedure (each
element is selected independently) is to prevent

selection bias

.





4. Example 1 
: Quality Control Inspection
(a) Consider a production line designed to fill boxes of a breakfast cereal with a
mean weight of 24 ounces of breakfast cereal per box.
(b) Samples of 12 boxes filled by this process are

by a
periodically selected
quality control inspector to determine if the process is operating properly or if,
perhaps, a machine malfunction has caused the process to begin underfilling
or overfilling the boxes.

(c) Condition 1: The boxes must be selected at approximately the

same point in time
This way the inspector avoids the possibility of selecting some boxes when the
process is operating properly and other boxes when the process is not operating
properly and is underfilling or overfilling the boxes.

(d) Condition 2: designing the production process so that each box of cereal is
filled


independently

.



5. Example 2 
: Customers Arrival
(a) Suppose an employee is asked to select and interview a sample of customers in
order to develop a profile of customers who visit the fast-food restaurant.
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(b) The customer arrival process is ongoing and there is no way to obtain a list of
all customers in the population. So, for practical purposes, the population for
this ongoing process is considered

infinite

.

(c) Condition 1: The employee collects the sample from people who come into the
restaurant and make a purchase to ensure that the same population condition
is satisfied. the person came into the restaurant to use the restroom would not
be a customer.
(d) Condition 2: Selection bias (a particular age group, a group of customers would
be likely to exhibit similar characteristics) can be avoided by ensuring that the
selection of a particular customer does not influence the selection of any other
customer.
6. Situations involving sampling from an infinite population are usually associated with
a process that operates

over time . Examples include parts being manufactured
on a production line, repeated experimental trials in a laboratory, transactions
occurring at a bank, telephone calls arriving at a technical support center, and
customers entering a retail store.
7. As long as the sampled elements are selected from the
are selected

independently
infinite population.

and
same population
, the sample is considered a random sample from an









😍 EXERCISES 7.2: 2, 10

7.3

Point Estimation

1. Glossary:
(a) Parameter: A

characteristic of a population , such as a
numerical
population mean µ, a population standard deviation σ, a population proportion p, and so on.
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(b) Random sample: A random sample from an

population is a
infinite
sample selected such that each element selected comes from the same

population and each element is selected

independently

.

(c) Sampling without replacement: Once an element has been included in the
sample, it is removed from the population and cannot be selected a second
time.
(d) Sampling with replacement: Once an element has been included in the
sample, it is returned to the population. A previously selected element can be
selected again and therefore may appear in the sample more than once.
(e) Simple random sample: A simple random sample of size n from a

finite
population of size N is a sample selected such that each possible sample of size

n has the

same probability

of being selected.

(f) Sample statistic: A sample

characteristic , such as a sample mean x̄, a
sample standard deviation s, a sample proportion p̄, and so on. The value
of the sample statistic is used to estimate
the value of the corresponding
population parameter.





2. Example The EAI problem.
(a) To estimate the value of a population parameter (e.g., the population mean µ
and the population standard deviation σ for the annual salary of EAI managers), we compute a corresponding characteristic of the sample, referred to
as a

sample statistic

.

(b) (Table 7.2) A simple random sample of 30 managers and the corresponding
(x1 , x2 , · · · , x30 )
(Yes, No) .

data on annual salary
participation

(110-1) 統計學 (一)

and management training program

November 30, 2021

Chapter

7:

Sampling and Sampling Distributions

Page 8/36

(c) We use the data in Table 7.2 to calculate the corresponding sample statistics:
the sample mean x̄ and the sample standard deviation s:
∑n
2154420
i=1 xi
x̄ =
=
= $71, 814 ,
n
30
√∑
s=

− x̄)2
=
n−1

n
i=1 (xi

√

325009260
= $3348
29

,

(d) The corresponding sample proportion p̄, who completed the management training program:
p̄ =

19
= 0.63
30

.

3. Point estimation: the preceding computations, we perform the statistical procedure called point estimation.
4. We refer to the sample mean x̄ as the

of the population
point estimator
mean µ, the sample standard deviation s as the point estimator of the population
standard deviation σ, and the sample proportion p̄ as the point estimator of the
population proportion p.

(110-1) 統計學 (一)

November 30, 2021

Chapter

7:

Sampling and Sampling Distributions

Page 9/36

5. Point estimator: The
point estimate

sample statistic , such as x̄, s, or p̄, that provides the
of the population parameter.

6. Point estimate: The

numerical value

obtained for x̄, s, or p̄ is called the

point estimate.
7. (Table 7.3) The point estimates differ somewhat from the corresponding population parameters. This difference is to be expected because a sample, and not a
of the entire population, is being used to develop the point estimates.

census

Practical Advice
1. Point estimation is a form of

statistical inference
to make an inference about a population parameter.

. We use a sample statistic

2. When making inferences about a population based on a sample, it is important to
have a close correspondence between the

sampled

population and the

target

population.
3. In some cases, it is not as easy to obtain a close correspondence between the sampled
and target populations.




4. Example Consider the case of an amusement park selecting a sample of its customers to learn about characteristics such as age and time spent at the park.
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(a) Suppose all the sample elements were selected on a day when park attendance
was restricted to employees of a single company.
(b) The sampled population would be composed of employees of that company
and members of their families.
(c) If the target population we wanted to make inferences about were typical
park customers over a typical summer, then we might encounter a significant
difference between the sampled population and the target population.
(d) In such a case, we would question the validity of the point estimates being
made.
(e) Park management would be in the best position to know whether a sample
taken on a particular day was likely to be representative of the target population.
5. In summary, whenever a sample is used to make inferences about a population, we
should make sure that the study is designed so that the sampled population and
the target population are in
6. Good judgment is a necessary

close agreement
ingredient

.
of sound statistical practice.









😍 EXERCISES 7.3: 15, 17

7.4

Introduction to Sampling Distributions

1. (Table 7.4) For the simple random sample of 30 EAI managers, the point estimate
of µ is x̄ = $71, 814 and the point estimate of p is p̄ = 0.63. Suppose we

repeat
the process of selecting a simple random sample of 30 EAI managers over and over
again (e.g., 500 simple random samples), each time computing the values of x̄ and
p̄.

(110-1) 統計學 (一)

November 30, 2021

Chapter

7:

Sampling and Sampling Distributions

Page 11/36

2. (Table 7.5) The frequency and relative frequency distributions for the 500 x̄ values.

3. Recall: a random variable is a

of the outcome of an
numerical description
experiment. If we consider the process of selecting a simple random sample as an
experiment, the sample mean x̄ is a random variable. x̄ has a
value, a

standard deviation

, and a

or expected

mean

probability distribution

.

4. The Sampling Distribution: The various possible values of x̄ are the result
of different simple random samples, the probability distribution of x̄ is called the
sampling distribution

of x̄.

5. (Figure 7.1) The histogram of 500 x̄ values gives an approximation of this sampling
distribution. From the approximation we observe the
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of the distribution. The largest concentration of the x̄ values and the mean of the
500 x̄ values are near the

population mean

µ = $71, 800.

6. (Figure 7.2) The 500 values of the sample proportion p̄ are summarized by the
relative frequency histogram . The relative frequency histogram of the 500
sample values provides a general idea of the appearance of the sampling distribution
of p̄.
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7. In practice, we select only one simple random sample from the population. We
repeated the sampling process many times and that the different samples generate
a variety of values for the

sample statistics

x̄ and p̄.

8. The

of any particular sample statistic is called the
probability distribution
of the statistic.
sampling distribution

7.5

Sampling Distribution of X̄

1. Sampling Distribution of x̄: The sampling distribution of x̄ is the
distribution of
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2. The sampling distribution of x̄ has an expected value or mean, a standard deviation,
and a characteristic shape or form.

Expected Value of x̄
1. Different simple random samples result in a variety of values for the sample mean
x̄.
2. Because many different values of the random variable x̄ are possible, we are often
interested in the

of all possible values of x̄ that can be generated by the
mean
various simple random samples.

3. The mean of the x̄ random variable is the

expected value

of x̄.

4. Let E(x̄) represent the expected value of x̄ and µ represent the mean of the population from which we are selecting a simple random sample. It can be shown that
with simple random sampling, the expected value of x̄ and the population mean are
equal. (

E(x̄) = µ

).

5. When the expected value of a point estimator equals the population parameter,
we say the point estimator is

unbiased
estimator of the population mean µ.

. The sample mean x̄ is an unbiased

Standard Deviation of x̄
1. Notations:
(a)

σx̄ : the standard deviation of x̄.
population.

σ

: the standard deviation of the

(b) n: the sample size. N : the population size.
2. The two formulas for the standard deviation of x̄:
√
(
)
N −n
σ
(a) Finite Population: σx̄ =
.
√
N −1
n
(b) Infinite Population:

σ
σx̄ = √
n

.

3. The finite population correction factor:
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4. In many practical sampling situations, we find that the population involved, although finite, is

whereas the sample size is relatively ”small.”
”large,”
√
In such cases the finite population correction factor (N − n)/(N − 1) is close to
1 . As a result, the difference between the values of the standard deviation
of x̄ for the finite and infinite population cases becomes negligible . Then,
√
becomes a good approximation to the standard deviation of x̄
σx̄ = σ/ n
even though the population is

.

finite

5. General guideline, or rule of thumb, for computing the standard deviation of x̄: Use
√
whenever
σx̄ = σ/ n
(a) The population is

infinite

; or

(b) The population is finite and the sample size is less than or equal to
of the population size; that is,

n/N ≤ 0.05

5%

.

6. In cases where

n/N > 0.05 , the finite population version of formula should be
used in the computation of σx̄ . Unless otherwise noted, throughout the text we will
√
assume that the population size is ”large,” n/N �0.05, and expression σ/ n
can be used to compute σx̄ .

7. We refer to the standard deviation of x̄, σx̄ , as the

standard error of the mean

8. In general, the term standard error refers to the standard deviation of a

.

point estimator

 Question . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p335)
(EAI managers Problem) In Section 7.1 we saw that the standard deviation of
annual salary for the population of 2500 EAI managers is σ = 4000. Compute the
standard error.
sol: The population is finite, with N = 2500. However, with a sample size of
30, we have n/N = 30/2500 = 0.012. Because the sample size is less than 5% of
the population size, we can ignore the finite population correction factor and use
equation (7.3) to compute the standard error:
σ
4000
σx̄ = √ = √ = 730.3
n
30
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Form of the Sampling Distribution of X̄
1. Consider two cases to determine the form or shape of x̄: (1) The population has a
normal distribution; and (2) the population does not have a normal distribution.
2. Population has a Normal Distribution: When the population has a normal distribution, the sampling distribution of x̄ is

normally

distributed for

any

sample size.
3. Population does not have a Normal Distribution: When the population from which
we are selecting a random sample does not have a normal distribution, the
limit theorem
of x̄.

central
is helpful in identifying the shape of the sampling distribution

4. Central Limit Theorem (CLT): In selecting random samples of size n from a
population, the sampling distribution of the

can be approxisample mean x̄
mated by a normal distribution as the sample size becomes large.
5. (Figure 7.3) Illustration of the Central Limit Theorem for Three Populations
(a) Population I follows a

distribution. Population II is called the
uniform
distribution. It is symmetric, but the more likely values fall

rabbit-eared
in the tails of the distribution. Population III is shaped like the

exponential

distribution; it is skewed to the right.
(b) When the sample size is n = 2, the shape of each sampling distribution is
different

from the shape of the corresponding population distribution.

(c) For samples of size n = 5, the shapes of the sampling distributions for populations I and II begin to look similar to the shape of a

distribution.
normal
Even though the shape of the sampling distribution for population III begins
to look similar to the shape of a normal distribution, some

skewness

to

the right is still present.
(d) For samples of size 30, the shapes of each of the three sampling distributions
are approximately
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6. General statistical practice is to assume that, for most applications, the sampling
distribution of x̄ can be approximated by a normal distribution whenever the sample
is

size 30 or more

.

7. In cases where the population is

or outliers
highly skewed
may be needed. Finally, if the population is

are present,

50
discrete ,
the sample size needed for a normal approximation often depends on the population
samples of size
proportion
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Sampling Distribution of x̄ for the EAI Problem
1. The expected value and the standard deviation of the annual salary of EAI managers
are E(x) = $71, 800 and σx̄ = 730.3. We do not have any information about the
population distribution
2. If the population has a normal distribution, the sampling distribution of x̄ is normally distributed. If the population does not have a normal distribution, the simple
random sample of 30 managers and the central limit theorem enable us to conclude
that the sampling distribution of x̄ can be approximated by a normal distribution.
3. (Figure 7.4) In either case, we are comfortable proceeding with the conclusion that
the sampling distribution of x̄ can be described by the normal distribution.

Practical Value of the Sampling Distribution of x̄
1. Whenever a simple random sample is selected, we cannot expect the sample mean
to

exactly equal

the population mean.

2. The practical reason we are interested in the sampling distribution of x̄ is that it can
be used to provide

information about the
probability
the sample mean and the population mean.
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3. Example EAI problem:
(a) Suppose the personnel director believes the sample mean will be an acceptable
estimate of the population mean if the sample mean is within $500 of the
population mean. However, it is not possible to guarantee that the sample
mean will be

within

$500 of the population mean.

(b) Indeed, Table 7.5 and Figure 7.1 show that some of the 500 sample means
differed by more than $2000 from the population mean. So we must think of
the personnel director’s request in

probability terms

.

(c) That is, the personnel director is concerned with the following question: What
is the probability that the sample mean computed using a simple random
sample of 30 EAI managers will be within $500 of the population mean?

(d)

 Question . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p338)
Consider the EAI problem, the mean and the standard deviation of annual
salary for the population of N = 2500 EAI managers is µ = $71, 800 and
σ = 4000. With a sample size of n = 30, the personnel director wants to
know the probability that x̄ is between $71,300 and $72,300.

sol: (Figure 7.5) Because the sampling distribution is normally distributed,
with mean $71,800 and standard error of the mean 730.3, we can use the
standard normal probability table to find the area or probability.
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(e) The preceding computations show that a simple random sample of 30 EAI
managers has a

probability of providing a sample mean x̄ that is
0.5034
within $500 of the population mean.

(f) Thus, there is a

probability that the difference be1−0.5034 = 0.4966
tween x̄ and µ = $71, 800 will be more than $500. In other words, a simple random sample of 30 EAI managers has roughly a

of providing
50–50 chance
a sample mean within the allowable $500. Perhaps a larger sample size
should be considered.

Relationship Between the Sample Size and the Sampling Distribution of X̄
1. (Figure 7.6) The sampling distributions of x̄ with n = 30 and n = 100. Because
the sampling distribution with n = 100 has a smaller standard error, the values of
x̄ have

and tend to be
less variation
the values of x̄ with n = 30.

(110-1) 統計學 (一)

closer

to the population mean than

November 30, 2021

Chapter

2.

7:

Sampling and Sampling Distributions

Page 21/36

 Question . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p339)
Consider the EAI problem, With a sample size of n = 100 EAI managers,
compute the probability that x̄ is within $500 of the population mean µ =
$71, 800.
sol:
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3. Thus, by increasing the sample size from 30 to 100 EAI managers, we increase the
probability of obtaining a sample mean within $500 of the population mean from
0.5034 to 0.7888. The important point in this discussion is that as the sample size
is increased, the

decreases.

standard error of the mean

4. As a result, the

provides a higher probability that the sample
larger sample size
mean is within a specified distance of the population mean.





😍 EXERCISES 7.5: 18, 24, 25, 30.


7.6



Sampling Distribution of p̄

1. The sample proportion p̄ is the point estimator of the population proportion p:
p̄ =

x
n

where x is the number of elements in the sample that

the characteristic

possess

of interest and n is the sample size.
2. The sample proportion p̄ is a
is called the

and its probability distribution

random variable
of p̄.
sampling distribution

3. Sampling Distribution of p̄ The sampling distribution of p̄ is the

probability distribution

of all possible values of the sample proportion p̄.

Expected Value of p̄
1. The expected value of p̄, the mean of

all possible values

of p̄, is equal to the

population proportion p:
E(p̄) = p
2. Because E(p̄) = p, p̄ is an
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3. Example (Section 7.1) we noted that p = 0.60 for the EAI population, where p
is the proportion of the population of managers who participated in the company’s
management training program. Thus, the expected value of p̄ for the EAI sampling
problem is 0.60.

Standard Deviation of p̄
1. The standard deviation of p̄ depends on whether the population is finite or infinite:
√
√
N − n p(1 − p)
(a) Finite Population: σp̄ =
.
N −1
n
√
(b) Infinite Population:

σp̄ =

p(1 − p)
n

.

2. The difference between the expressions for the finite population and the infinite
population becomes
comparison

if the size of the finite population is large in
negligible
to the sample size.

3. Rule of thumb:
(a) if the population is finite with
(b) if the population is finite with
factor

n/N ≤ 0.05
n/N > 0.05

, use

σp̄ =

√

p(1 − p)/n

, the finite population

.

correction

should be used.

(c) Unless specifically noted, throughout the text we will assume that the population size is large in relation to the sample size and thus the finite population
correction factor is

unnecessary

.

4. We stated that in general the term standard error refers to the standard deviation of a

point estimator . Thus, for proportions we use standard error of the
proportion to refer to the standard deviation of p̄ .




5. Example (The EAI example) With n/N = 30/2500 = 0.012 , we can ignore
the finite population correction factor when we compute the standard error of the
proportion. For the simple random sample of 30 managers, the standard error of
the proportion associated with simple random samples of 30 EAI managers:
√
√
p(1 − p)
0.6(1 − 0.6)
σp̄ =
=
= 0.0894 .
n
30
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Form of the Sampling Distribution of p̄
1. For a simple random sample from a large population, the value of x is a
indicating the
random variable
the characteristic of interest.

number

binomial
of elements in the sample with

2. Because n is a constant, the probability of x/n is the same as the
of x, which means that the sampling distribution of p̄ is also a
ability distribution and that the probability for each value of
as the probability of

x

binomial probability
probdiscrete
x/n

is the same

.

3. (Chapter 6) we showed that a binomial distribution can be approximated by a normal distribution whenever the sample size is large enough to satisfy two conditions:
(1)

np ≥ 5

n(1 − p) ≥ 5

and

.

4. Assuming these two conditions are satisfied, the probability distribution of x in the
sample proportion,
And because

p̄ = x/n , can be approximated by a normal distribution.
is a constant, the sampling distribution of p̄
can also be

n
approximated by a normal distribution.

5. The sampling distribution of p̄ can be approximated by a normal distribution whenever

np ≥ 5

and

n(1−p) ≥ 5

.

6. In practical applications, when an estimate of a population proportion is desired,
we find that sample sizes are almost always

large enough
a normal approximation for the sampling distribution of p̄.


to permit the use of



7. Example (Figure 7.8) (The EAI example) Recall that we know that the population proportion of managers who participated in the training program is p = 0.60.
With a simple random sample of size 30, we have

and
np = 30(0.60) = 18
. Thus, the sampling distribution of p̄ can be approxi-

n(1−p) = 30(.40) = 12
mated by a normal distribution.
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Practical Value of the Sampling Distribution of p̄
1. The

of the sampling distribution of p̄ is that it can be used
practical value
between the sample
to provide probability information about the difference
proportion and the population proportion.

 Question . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p346)
Consider the EAI problem, suppose that the personnel director wants to know the
probability of obtaining a value of p̄ that is within 0.05 of the population proportion
of EAI managers who participated in the training program. That is, what is the
probability of obtaining a sample with a sample proportion p̄ between 0.55 and
0.65? Consider two cases: n = 30 and n = 100 using a normal approximation.
sol:
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😍 EXERCISES 7.6: 34, 35, 39.
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1. Before using a sample statistic as a point estimator, statisticians check to see
whether the

sample statistic
point estimators.

good

demonstrates certain properties associated with

2. We discuss three properties of good point estimators:
and

consistency

unbiased

,

eﬀiciency

,

.

3. General notation:
(a)

θ

: the population parameter of interest,

(b)

θ̂

: the sample statistic or point estimator of θ.

Unbiased
1. If the expected value of the sample statistic is equal to the population parameter
being estimated, the sample statistic is said to be an

unbiased estimator

of

the population parameter.
2. Unbiased estimator: The sample statistic θ̂ is an unbiased estimator of the population parameter θ if
E(θ̂) = θ
where E(θ̂) is the

expected value

,

of the sample statistic θ̂.

3. (Figure 7.10) the cases of unbiased and biased point estimators.
(a) The unbiased estimator: the

mean of the sampling distribution
to the value of the population parameter.

is equal

(b) A biased estimator: the mean of the sampling distribution is less than or
greater than the value of the population parameter.
bias
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4. We stated that

and E(p̄) = p . Both x̄ and p̄ are unbiased
E(x̄) = µ
estimators of their corresponding population parameters µ and p.
E(s2 ) = σ 2 , the sample variance s2 is an unbiased estimator of the population variance σ 2 .

5. It can be shown that

6. The reason for using

rather than n in sample variance (and the sample
n−1
standard deviation) is to make the sample variance an unbiased
estimator of
the population variance.

Eﬀiciency
1. Assume that a simple random sample of n elements can be used to provide

two
of the same population parameter. In this situation,

unbiased point estimators
we would prefer to use the point estimator with the

smaller standard error
because it tends to provide estimates closer to the population parameter.
2. The point estimator with the smaller standard error is said to have greater

,

relative eﬀiciency

than the other.
3. (Figure 7.11) the sampling distributions of two unbiased point estimators, θ̂1 and
θ̂2 .
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(a) The standard error of θ̂1 is less than the standard error of θ̂2 ;
(b) Values of θ̂1 have a

greater chance

of being close to the parameter θ than

do values of θ̂2 .
(c) θ̂1 is relatively more eﬀicient than θ̂2 and is the preferred point estimator.

Consistency
1. A point estimator is

if the values of the point estimator tend to beconsistent
come closer to the population parameter as the sample size
becomes larger .

2. A

sample size tends to provide a better point estimate than a
large
sample size.

small

3. The standard error of x̄,

σx̄ = σ/n , is related to the sample size such that
larger sample sizes provide smaller values for σx̄ , we conclude the sample mean x̄ is

a

consistent

estimator of the population mean µ.

4. The sample proportion p̄ is a

consistent

estimator of the population proportion

p.
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Stratified Random Sampling

1. (Figure 7.12) In stratified random sampling, the elements in the population are
first divided into

called strata , such that each element in the
groups
population belongs to one and only one stratum. A simple random sample
is
taken from each stratum.
2. The basis for forming the strata, such as department, location, age, industry type,
and so on, is at the

discretion

of the designer of the sample.

3. However, the best results are obtained when the elements
are as

much alike

within

each stratum

as possible.

4. Formulas are available for combining the results for the individual stratum samples
into one estimate of the population parameter of interest.
1

A more in-depth treatment is provided in Chapter 22.
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Cluster Sampling

1. (Figure 7.13) In cluster sampling, the elements in the population are first divided
into separate groups called

clusters

.

2. Each element of the population belongs to one and only one cluster. A simple
random sample of the

clusters

is then taken. All elements within each sampled

cluster form the sample.
3. Cluster sampling tends to provide the best results when the elements within the
clusters are

not alike

.

4. In the ideal case, each cluster is a representative

of the
small-scale version
entire population. The value of cluster sampling depends on how representative
each cluster is of the entire population.

5. If all clusters are

in this regard, sampling a small number of clusters will
alike
provide good estimates of the population parameters.

6. One of the primary applications of cluster sampling is area sampling, where clusters
are

city blocks

or other well-defined areas.

Systematic Sampling
1. Systematic sampling is a type of probability sampling method in which sample members from a

are selected according to a
larger population
but with a fixed, periodic interval.
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2. Example If a sample size of 50 is desired from a population containing 5000 elements, we will sample one element for every 5000/50 = 100 elements in the population.
3. A systematic sample for this case involves selecting randomly one of the

first 100 elements

from the population list.
4. Other sample elements are identified by starting with the first sampled element and
then selecting every 100th element that follows in the population list.
5. In effect, the sample of 50 is identified by

through the
moving systematically
population and identifying every 100th element after the first randomly selected
element.

6. Because the first element selected is a random choice, a systematic sample is usually
assumed to have the properties of a simple random sample.
7. This assumption is especially applicable when the list of elements in the population
is a

of the elements.

random ordering

Convenience Sampling
1. Probability sampling techniques: elements selected from the population have
a known

probability

of being included in the sample.

2. Convenience sampling is a
is identified primarily by

sampling technique. The sample
nonprobability
convenience . Elements are included in the sample

without prespecified or known probabilities of being selected.




3. Example A professor conducting research at a university may use student volunteers to constitute a sample simply because they are readily available and will
participate as subjects for little or no cost.
4. Convenience samples have the advantage of relatively easy sample selection and
data collection; however, it is impossible to evaluate the ”goodness” of the sample
in terms of its
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5. A convenience sample may provide good results or it may not; no statistically
justified procedure allows a probability analysis and inference about the quality of
the sample results.

Judgment Sampling
1. Judgment sampling is a

nonprobability

sampling technique.

2. In this approach, the person most knowledgeable on the subject of the study selects
elements of the population that he or she feels are

most representative

of the

population.
3. The quality of the sample results depends on the

of the person

judgment

selecting the sample.

7.9

Big Data and Standard Errors of Sampling Distributions

1. The purpose of statistical inference is to use

data to quickly and inexsample
pensively gain insight into some characteristic of a population .

2. There are two general reasons a sample may fail to be representative of the population of interest:

sampling error

and

nonsampling error

.

Sampling Error
1. One reason a sample may fail to represent the population from which it has been
taken is

sampling error , or deviation
that results from random sampling.

of the sample from the population

2. When collecting a sample randomly, the data in the sample cannot be expected to
be perfectly
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3. Sampling error is

when collecting a random sample; this is a risk
unavoidable
we must accept when we chose to collect a random sample rather than incur the
costs associated with taking a census of the population.

4. The

of the sampling distributions of the sample mean x̄ and
standard errors
the sample proportion of p̄ reflect the potential for sampling error when using sample
data to estimate the population mean µ and the population proportion p, respectively.

5. For an extremely

large sample

there may be little potential for sampling error.

Nonsampling Error
1. We can not conclude that an extremely large sample will always provide reliable
information about the population of interest.
2. Deviations of the sample from the population that occur for reasons other than
random sampling are referred to as

nonsampling error

.

3. Nonsampling error can occur for a variety of reasons.
(a) Coverage error: Nonsampling error that results when the research objective
and the population from which the sample is to be drawn are not aligned.
(b) Nonresponse error: Nonsampling error that results when some segments of
the population are either more or less likely to respond to the survey mechanism.
(c) Measurement error: Nonsampling error that results from the incorrect measurement of the population characteristic of interest.
4. Understanding these limitations of sampling will enable us to be more
and

realistic
when interpreting sample data and using sample data to draw

pragmatic
conclusions about the target population.

Understanding What Big Data Is
1. The processes that generate big data can be described by four attributes or dimensions that are referred to as the four V’s:
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(a) Volume: the amount of data generated
(b) Variety: the diversity in types and structures of data generated
(c) Veracity: the reliability of the data generated
(d) Velocity: the speed at which the data are generated
2. Tall data: A data set that has so

many observations

that traditional statis-

tical inference has little meaning.
3. Wide data: A data set that has so

many variables

that simultaneous consid-

eration of all variables is infeasible.
4. Statistics are useful tools for understanding the information embedded in a big data
set, but we must be careful when using statistics to analyze big data.
5. It is important that we understand the limitations of statistics when applied to big
data and we temper our interpretations accordingly.

Implications of Big Data for Sampling Error
1. (Table 7.7) the standard error of the sampling distribution of the sample mean
time spent by individual customers when they visit PDT’s website decreases as the
sample size increases.
2. (Table 7.8) the standard error of the sampling distribution of the proportion of
the sample that clicked on any of the ads featured on PenningtonDailyTimes.com
decreases as the sample size increases.
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😍 EXERCISES 7.9: 42, 44, 47, 49.












😍 SUPPLEMENTARY EXERCISES: 52, 57, 62, 65.
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