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1.1 Sampling in Statistics

Statistics today is considered to be a very important tool in various disci-
plines such as medicine, psychology, education, sociology and engineering,
just to name few. So what is statistics? Statistics can be defined as a col-
lection of methods of collecting and analyzing data for the purpose of making
inferences about a population by studying a relatively small sample drawn
from it. For example, suppose we want to study the effect of smoking on hu-
man lungs among smokers in the US. The population in the study consists of
all smokers in the US. We draw a sample of 1000 smokers (i.e., a sample) and
we ask these participants to complete a questionnaire (data collected). Based
on this data, we can obtain some information about the effect of smoking on
the lungs.
The two main branches of statistics are:
• Descriptive statistics: Descriptive statistics are brief descriptive num-
bers that summarize a given data set, which can be either a representation
of the entire population or a sample of it. For example, suppose your grades
on the last three exams in the class were 70, 80, and 90. An example of
descriptive statistics is the statement “You averaged 80 on your last three
exams.” Note that this statement can be verified from the given data.
• Inferential statistics: Methods that use collected data to draw con-
clusion, make a generalization, make an estimate, or make a decision. For
example, suppose your grades on the last three exams in the class were 70,
80, and 90. An example of descriptive statistics is the statement “You never
scored below a 70 on a test.” This statement is not verifiable. It is true for
the last three exams only and not for all the exams!

Example 1.1.1
In each of these statements, tell whether descriptive or inferential statistics
have been used.
(a) Of 350 randomly selected people in Russellville , 280 people had the last
name Smith. Thus, 80% of these people have the last name Smith.
(b) Of 350 randomly selected people in Russellville , 280 people had the last
name Smith. Thus, 80% of all people living in Russellville have the last name
Smith.

Solution.
(a) Descriptive statistics is used here since the percentage of people in the
group of 350 whose last name is Smith is 280

350
= 80%. Thus, the statement

can be verified from the information provided.
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(b) This is an example of inferential statistics. The information can not be
verified based upon the information provided

As mentioned earlier, statistical methods involve a population and a sam-
ple:
• A population consists of the members of a defined group of objects about
which inferences are thought. For example, if we are interested in study-
ing the heights of students at Arkansas Tech University, then the population
consists of the students of ATU. Populations where the members are physical
objects, such as cars, bolts, apples, etc., are called tangible or concrete
populations. Such populations are assumed to be always finite and there-
fore involves counting.
In contrast, populations that do not consist of physical or actual objects are
called conceptual populations. For example, the population that consists
of all the readings that a scale can produce. The size of a conceptual pop-
ulation is usually large. Conceptual populations are mostly the result of a
measurement.

Example 1.1.2
Each of the following processes involves sampling from a population. Define
the population, and state whether it is tangible or conceptual.
(a) A shipment of bolts is received from a vendor. To check whether the
shipment is acceptable with regard to shear strength, an engineer reaches
into the container and selects 10 bolts, one by one to test.
(b) The resistance of a certain resistor is measured 5 times with the same
ohmmeter.

Solution.
(a) tangible : all the bolts in the shipment (b) conceptual : all measurements
that could be made on that resistor with that ohmmeter

• A sample is just part or a subset of the population. For a statistical
method to be credible, a sample must be chosen in an appropriate way. For
example, in the study of heights of students at ATU, a sample consisting only
of basketball players at ATU will not properly reflect the height distribution
of the population of students. This leads us to the question of using the best
sampling methods. There are many sampling techniques. A simple tech-
nique that is easy to understand is the simple random sampling. With
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this sampling technique, each collection of n members of the population is
equally likely (i.e., each member in the population has the same chance to
be in the selected sample) to make up the sample. One effective way for
generating a simple random sample of size n out of a population of size N is
to assign to each member of the population a positive integer between 1 and
N and then use a computer random number generator to select the members
of the simple random sample.

Example 1.1.3
In each case, determine whether the following sampling technique results in
a simple random sample:
(i) 1000 Lung cancer patients had agreed to participate in a drug trial for
treating the disease. The drug company wants to use a sample of 100 patients.
In selecting the sample, the patients are assigned a number between 1 and
1000. A computer random number generator selects 100 numbers between 1
and 1000 and the company invites the 100 patients corresponding to those
numbers for the trial.
(ii) A quality inspector in a cream cheese factory is trying to test the quality
of containers produced by a machine. For that purpose, he decides to test a
sample of 40 containers. Each hour for 5 hours, he takes the 8 most recently
produced containers and check each container for deficiency.

Solution.
(i) Yes. This sampling technique results in a simple random sample of size
100.
(ii) Not every collection of 40 containers produced by the machine has the
same chance to make up the sample. Thus, the sampling process does not
result in a simple random sample

Other Sampling Techniques
Other sampling methods can be used. We discuss two of them. In stratified
random sampling, the population is divided up into subpopulations, called
strata, and a simple random sample is drawn from each stratum. In clus-
ter sampling, items are drawn from the population in groups, or clusters.
Cluster sampling is useful when the population is too large and spread out
for simple random sampling to be feasible.

Example 1.1.4
A psychologist wants to study the behavioral patterns of the 8,563 college
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students at ATU. She decides to start by obtaining a random sample of 30
students and asking the average number of hours each member of the sample
sleeps on a weekday night. For each following questions, identify the type of
sampling obtained (simple random, stratified, or cluster).
(a) Students are separated into academic majors and a proportional number
of students are selected from each academic major.
(b) Students are listed by number (1 to 8563) and a computer is used to
randomly generate a list of 30 numbers representing the students to be used
in the sample.
(c) Students are listed by their school residence locations (dormitories or
apartment buildings). 3 residence locations are randomly selected. Then
students from each of these locations are chosen for the psychologist’s sample.

Solution.
(a) stratified (b) simple random (c) cluster

Availability or Convenient Sampling
A sample of convenience is a sample that is obtained in some convenient
way, and not drawn by a well-defined random method. For example, you
want to find the average height of students in your college and you choose
your class to be your sample.

Example 1.1.5
A construction engineer has just received a shipment of 1000 concrete blocks,
each weighing approximately 50 pounds. The blocks have been delivered in
a large pile. The engineer wishes to investigate the crushing strength of the
blocks by measuring the strengths in a sample of 10 blocks. To draw a simple
random sample would require removing blocks from the center and bottom
of the pile, which might be quite difficult. For this reason, the engineer might
construct a sample simply by taking 10 blocks off the top of the pile. Would
this sampling technique be considered a sample of convenience?

Solution.
Definitely

Sampling Variation
Now, simple random samples always differ from their population in some
ways, and occasionally may be substantially different. Also, two different
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simple random samples from the same population will differ from each other
as well. We refer to this phenomenon as sampling variation. Thus, be-
cause of the existence of sampling variation, a simple random sample does
not reflect the population perfectly.

Example 1.1.6
(i) A shipment of apples is to be tested for quality. A quality inspector draws
a simple random of 40 apples and tests the condition of each. She finds that 6
of them, or 15%, are rotten. She concludes that exactly 15% of the shipment
is rotten. However, her supervisor claims that the proportion of rotten apples
is close to 15%. Whose conclusion is more statistically appropriate?
(ii) Now, a different inspector conducted the same experiment but found that
4 apples, or 10%, are rotten. The first inspector claims that he must have
done something wrong, since her results showed 15% and not 10%. Is she
right?

Solution.
(i) The supervisor is right. Because of sampling variation, a simple random
sample does not reflect the population perfectly.
(ii) She is wrong. Because of sampling variation, two different simple random
samples can differ from each other and from the population

Remark 1.1.1
Even though simple random samples don’t reflect their populations perfectly,
the benefit of randomness is that there is no systematic mechanism to make
the sample unrepresentative.

Now, consider a conceptual population where the members are all the possi-
ble results of a process. A sample of values that are obtained from the process
under identical experimental conditions is considered a simple random sam-
ple. For example, consider the population of all readings of a sensitive scale.
Suppose that the physical condition of the scale remain unchanged. Then the
various readings of the weight of a rock obtained from the scale is a simple
random sample. Deciding whether a set of data may be considered to be
a simple random sample, it is necessary to have some understanding of the
process that generated the data.
Consider a sample whose members are the result of a process. An effective
method for detecting whether the sample is simple random or not is to plot
the observations in the order they were taken. A simple random sample
should show no obvious pattern or trend.
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Example 1.1.7
Figure 1.1.1 presents plots of three samples in the order they were taken.
Which of the samples is a simple random sample?

Figure 1.1.1

Solution.
(a) Not a simple random sample. The plot shows an oscillatory pattern.
(b) Not a simple random sample. The plot shows an increased trend.
(c) Possible. No obvious pattern or a trend. However, we can not make a
firm answer since we don’t know the process that produced these observa-
tions

Sampling with Replacement/Without Replacement
With sampling with replacement, what one gets in one sample does not
affect what one gets in a different sample. In this case, we say that the sam-
ples are independent. In contrast, with sampling without replacement,
what one gets in one sample does affect what one gets in a different sample.
In this case, we say that the samples are dependent.

Example 1.1.8
An urn contains five balls numbered 1 through 5. I pick two balls and write
down their numbers and place them back in the urn. Then I pick another
two balls and write down their numbers. Are the two samples dependent or
independent?
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Solution.
Since the selection is being made with replacement, the two samples are in-
dependent

Controlled Experiment vs Observational Study
In a controlled experiment an investigator observes the outcomes of an
experiment when factors in the experiment are being changed. For example,
the effect of treating a cancer patient with various doses of a trial medicine.
In an observational study, an investigator has no control on the factors
involved in a study. For example, a research study comparing the risk of
developing lung cancer, between smokers and non-smokers. The investigator
cannot control who smokes and who does not.

Example 1.1.9
Identify each study as being either observational or experimental.
(a) Subjects were randomly assigned to two groups, and one group was given
an herb and the other group a placebo. After 6 months, the numbers of
respiratory tract infections each group had were compared.
(b) A researcher stood at a busy intersection to see if the color of an auto-
mobile a person drives is related to running red lights.

Solution.
(a) Experimental (b) Observational

Types of Data
There are two types of statistical data: numerical or categorical. Numerical
or quantitative data are meaningful numbers such as the IQ of a person,
his height, weight, etc. In contrast categorical or qualitative data repre-
sent characteristics such as a person’s gender, marital status, hometown, or
the types of movies they like. Categorical data can take on numerical values
(such as “1” indicating male and“2” indicating female), but those numbers
don’t have mathematical meaning.

Example 1.1.10
Classify each data as qualitative or quantitative.
(a) Colors of automobiles in the faculty parking lot.
(b) Number of desks in classrooms.

Solution.
(a) Qualitative (b) Quantitative
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