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Distinguish between Qualitative and
Quantitative Variables

Once a research objective is stated, a list of the information we want to learn about
the individuals must be created. Variables are the characteristics of the individuals
within the population. For example, recently my son and I planted a tomato plant
in our backyard. We collected information about the tomatoes harvested from the
plant. The individuals we studied were the tomatoes. The variable that interested us
was the weight of a tomato. My son noted that the tomatoes had different weights
even though they came from the same plant. He discovered that variables such as
weight may vary.

If variables did not vary, they would be constants, and statistical inference would
not be necessary. Think about it this way: If each tomato had the same weight, then
knowing the weight of one tomato would allow us to determine the weights of all
tomatoes. However, the weights of the tomatoes vary. One goal of research is to learn
the causes of the variability so that we can learn to grow plants that yield the best
tomatoes.
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SECTION 1.1  Infroduction to the Practice of Statistics 7
Variables can be classified into two groups: qualitative or quantitative.

Qualitative, or categorical, variables allow for classification of individuals based on
some attribute or characteristic.

Quantitative variables provide numerical measures of individuals. The values of a
quantitative variable can be added or subtracted and provide meaningful results.

Many examples in this text will include a suggested approach, or a way to look
at and organize a problem so that it can be solved. The approach will be a suggested
method of attack toward solving the problem. This does not mean that the approach
given is the only way to solve the problem, because many problems have more than one
approach leading to a correct solution.

Distinguishing between Qualitative and Quantitative Variables

ﬁ ﬁ EXAMPLE 3

® Now Work Problem 15

Problem Determine whether the following variables are qualitative or quantitative.
(a) Gender

(b) Temperature

(¢) Number of days during the past week that a college student studied

(d) Zip code

Approach Quantitative variables are numerical measures such that meaningful
arithmetic operations can be performed on the values of the variable. Qualitative
variables describe an attribute or characteristic of the individual that allows researchers
to categorize the individual.

Solution

(a) Gender is a qualitative variable because it allows a researcher to categorize
the individual as male or female. Notice that arithmetic operations cannot be
performed on these attributes.

(b) Temperature is a quantitative variable because it is numeric, and operations such
as addition and subtraction provide meaningful results. For example, 70°F is 10°F
warmer than 60°F.

(¢) Number of days during the past week that a college student studied is a
quantitative variable because it is numeric, and operations such as addition and
subtraction provide meaningful results.

(d) Zip code is a qualitative variable because it categorizes a location. Notice that,
even though zip codes are numeric, adding or subtracting zip codes does not
provide meaningful results. .
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Definitions

In Other Words

If you count to get the value
of a quantitative variable, it

is discrete. If you measure to
get the value of a quantitative
variable, it is continuous.

Distinguish between Discrete and Continuous Variables

We can further classify quantitative variables into two types: discrete or continuous.

A discrete variable is a quantitative variable that has either a finite number of
possible values or a countable number of possible values. The term countable means
that the values result from counting, such as 0,1, 2, 3, and so on. A discrete variable
cannot take on every possible value between any two possible values.

A continuous variable is a quantitative variable that has an infinite number of
possible values that are not countable. A continuous variable may take on every
possible value between any two values.
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Figure 2

Figure 2 illustrates the relationship among qualitative, quantitative, discrete, and
continuous variables.

Discrete Continuous

Distinguishing between Discrete and Continuous Variables

% & EXAMPLE 4

® Now Work Problem 23

Problem Determine whether the quantitative variables are discrete or continuous.

(a) The number of heads obtained after flipping a coin five times.

(b) The number of cars that arrive at a McDonald’s drive-thru between 12:00 p.m. and
1:00 p.m.

(¢) The distance a 2014 Toyota Prius can travel in city driving conditions with a full
tank of gas.

Approach A variable is discrete if its value results from counting. A variable is
continuous if its value is measured.

Solution

(a) The number of heads obtained by flipping a coin five times is a discrete variable
because we can count the number of heads obtained. The possible values of this
discrete variable are 0,1,2,3,4,5.

(b) The number of cars that arrive at a McDonald’s drive-thru between 12:00 p.m. and
1:00 p.m. is a discrete variable because we find its value by counting the cars. The
possible values of this discrete variable are 0, 1,2, 3,4, and so on. Notice that this
number has no upper limit.

(c) The distance traveled is a continuous variable because we measure the distance
(miles, feet, inches, and so on). .

Continuous variables are often rounded. For example, if a certain make of car gets
24 miles per gallon (mpg) of gasoline, its miles per gallon must be greater than or equal
t0 23.5 and less than 24.5, or 23.5 = mpg < 24.5.

The type of variable (qualitative, discrete, or continuous) dictates the methods that
can be used to analyze the data.

The list of observed values for a variable is data. Gender is a variable; the
observations male and female are data. Qualitative data are observations corresponding
to a qualitative variable. Quantitative data are observations corresponding to a
quantitative variable. Discrete data are observations corresponding to a discrete
variable. Continuous data are observations corresponding to a continuous variable.




image11.png
Table 1

Country Government Type Life Expectancy  Population
(years) (in millions)
Australia Federal parliamentary democracy 8207 25
Canada Constitutional monarchy 81.67 348
France Republic 81.66 663
Morocco Constitutional monarchy 76.51 33.0
Poland Republic 76.65 38.3
Sri Lanka Republic 76.35 219
United States  Federal republic 79.56 3189

Source: CIA World Factbook

Approach An individual is an object or person for whom we wish to obtain data. The
variables are the characteristics of the individuals, and the data are the specific values
of the variables.

Solution The individuals in the study are the countries: Australia, Canada, and so on.
The variables measured for each country are government type, life expectancy, and
population. The variable government type is qualitative because it categorizes the
individual. The variables life expectancy and population are quantitative.

The quantitative variable life expectancy is continuous because it is measured. The
quantitative variable population is discrete because we count people. The observations
are the data. For example, the data corresponding to the variable /ife expectancy are
82.07, 81.67, 81.66, 76.51, 76.65, 76.35, and 79.56. The following data correspond to
the individual Poland: a republic government with residents whose life expectancy is
76.65 years and population is 38.3 million people. Republic is an instance of qualitative
data that results from observing the value of the qualitative variable government type.
The life expectancy of 76.65 years is an instance of quantitative data that results from

e Now Work Problem 45  observing the value of the quantitative variable life expectancy. .




image12.png
Definitions

In Other Words

The word nominal comes from
the Latin word nomen, which
means to name.When you see
the word ordinal, think order.

Determine the Level of Measurement of a Variable

Rather than classify a variable as qualitative or quantitative, we can assign a level of
measurement to the variable.

A variable is at the nominal level of measurement if the values of the variable name,
label, or categorize. In addition, the naming scheme does not allow for the values of
the variable to be arranged in a ranked or specific order.

A variable is at the ordinal level of measurement if it has the properties of the
nominal level of measurement, however the naming scheme allows for the values of
the variable to be arranged in a ranked or specific order.

A variable is at the interval level of measurement if it has the properties of the
ordinal level of measurement and the differences in the values of the variable have
meaning. A value of zero does not mean the absence of the quantity. Arithmetic
operations such as addition and subtraction can be performed on values of the
variable.

A variable is at the ratio level of measurement if it has the properties of the interval
level of measurement and the ratios of the values of the variable have meaning.

A value of zero means the absence of the quantity. Arithmetic operations such as
multiplication and division can be performed on the values of the variable.
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Nominal or ordinal variables are also qualitative variables. Interval or ratio variables
are also quantitative variables.

Determining the Level of Measurement of a Variable

% & EXAMPLE 6

® Now Work Problem 31

Problem For each of the following variables, determine the level of measurement.
(a) Gender

(b) Temperature

(c¢) Number of days during the past week that a college student studied

(d) Letter grade earned in your statistics class

Approach For each variable, we ask the following: Does the variable simply
categorize each individual? If so, the variable is nominal. Does the variable categorize
and allow ranking of each value of the variable? If so, the variable is ordinal. Do
differences in values of the variable have meaning, but a value of zero does not mean
the absence of the quantity? If so, the variable is interval. Do ratios of values of the
variable have meaning and there is a natural zero starting point? If so, the variable
is ratio.

Solution

(a) Gender is a variable measured at the nominal level because it only allows
for categorization of male or female. Plus, it is not possible to rank gender
classifications.

(b) Temperature is a variable measured at the interval level because differences in
the value of the variable make sense. For example, 70°F is 10°F warmer than 60°F.
Notice that the ratio of temperatures does not represent a meaningful result. For
example, 60°F is not twice as warm as 30°F. In addition, 0°F does not represent the
absence of heat.

(c) Number of days during the past week that a college student studied is measured at
the ratio level, because the ratio of two values makes sense and a value of zero has
meaning. For example, a student who studies four days studies twice as many days
as a student who studies two days.

(d) Letter grade is a variable measured at the ordinal level because the values of the
variable can be ranked, but differences in values have no meaning. For example, an
A is better than a B,but A — B has no meaning. .

When classifying variables according to their level of measurement, it is extremely
important that we recognize what the variable is intended to measure. For example,
suppose we want to know whether cars with 4-cylinder engines get better gas mileage
than cars with 6-cylinder engines. Here, engine size represents a category of data and
so the variable is nominal. On the other hand, if we want to know the average number
of cylinders in cars in the United States, the variable is classified as ratio (an 8-cylinder
engine has twice as many cylinders as a 4-cylinder engine).
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1.2 Observational Studies versus Designed

Experiments

Objectives @ Distinguish between an observational study and an experiment
@ Explain the various types of observational studies

© Distinguish between an Observational Study
and an Experiment

Once our research question is developed, we must develop methods for obtaining the
data that can be used to answer the questions posed in our research objective. There are
two methods for collecting data, observational studies and designed experiments. To see
the difference between these two methods, read the following two studies.

a EXAMPLE 1 Cellular Phones and Brain Tumors

Researchers wanted to determine whether there is an association between mobile
phone use and brain tumors. To do so, 791,710 middle-aged women in the United
Kingdom were followed over a period of 7 years. During this time, there were 1261
incidences of brain tumors. The researchers compared the women who never used a
mobile phone to those who used mobile phones and found no significant difference in
the incidence rate of brain tumors between the two groups.

Source: Benson, V. S. et al. “Mobile Phone Use and Risk of Brain Neoplasms and Other Cancers: Prospective
Study.” International Journal of Epidemiology 2013 Jun: 42(3): 792-802 .

& EXAMPLE 2  Cellular Phones and Brain Tumors

Researchers examined “whether chronic exposure to radio frequency (RF) radiation
at two common cell phone signals—835.62 megahertz, a frequency used by analogue
cell phones, and 847.74 megahertz, a frequency used by digital cell phones—caused
brain tumors in rats.” To do so, the researchers randomly divided 480 rats into three
groups. The rats in group 1 were exposed to the analogue cell phone frequency; the
rats in group 2 were exposed to the digital frequency; the rats in group 3 received no
radiation. The exposure was done for 4 hours a day, 5 days a week for 2 years. The rats
in all three groups were treated the same, except for the RF exposure.

After 505 days of exposure, the researchers “. . . found no statistically significant
increases in any tumor type, including brain, liver, lung or kidney, compared to the
control group.”

Source: M. La Regina, E. Moros, W. Pickard, W. Straube, J. L. Roti Roti, “The Effect of Chronic Exposure
to 835.62 MHz FMCW or 847.74 MHz CDMA on the Incidence of Spontaneous Tumors in Rats,”
Bioelectromagnetic Society Conference, June 25,2002 .
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In both studies, the goal was to determine if radio frequencies from cell phones
increase the risk of contracting brain tumors. Whether or not brain cancer was contracted
is the response variable. The level of cell phone usage is the explanatory variable. In
research, we wish to determine how varying the amount of an explanatory variable
affects the value of a response variable.

What are the differences between the studies in Examples 1 and 2? Obviously,
in Example 1 the study was conducted on humans, while the study in Example 2 was
conducted on rats. However, there is a bigger difference. In Example 1, no attempt was
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® Now Work Problem 9

made to influence the individuals in the study. The researchers simply followed the
women over time to determine their use of cell phones. In other words, no attempt was
made to influence the value of the explanatory variable, radio-frequency exposure (cell
phone use). Because the researchers simply recorded the behavior of the participants,
the study in Example 1 is an observational study.

An observational study measures the value of the response variable without
attempting to influence the value of either the response or explanatory variables.
That is, in an observational study, the researcher observes the behavior of the
individuals without trying to influence the outcome of the study.

In the study in Example 2, the researchers obtained 480 rats and divided the rats
into three groups. Each group was intentionally exposed to various levels of radiation.
The researchers then compared the number of rats that had brain tumors. Clearly,
there was an attempt to influence the individuals in this study because the value
of the explanatory variable (exposure to radio frequency) was influenced. Because
the researchers controlled the value of the explanatory variable, we call the study in
Example 2 a designed experiment.

If a researcher assigns the individuals in a study to a certain group, intentionally

changes the value of an explanatory variable, and then records the value of the
response variable for each group, the study is a designed experiment.

‘Which Is Better? A Designed Experiment or an Observational Study?
To answer this question, let’s consider another study.

Do Flu Shots Benefit Seniors?

% EXAMPLE 3

Researchers wanted to determine the long-term benefits of the influenza vaccine
on seniors aged 65 years and older by looking at records of over 36,000 seniors for
10 years. The seniors were divided into two groups. Group 1 were seniors who
chose to get a flu vaccination shot, and group 2 were seniors who chose not to get
a flu vaccination shot. After observing the seniors for 10 years, it was determined
that seniors who get flu shots are 27% less likely to be hospitalized for pneumonia or
influenza and 48% less likely to die from pneumonia or influenza.

Source: Kristin L. Nichol, MD, MPH, MBA, James D. Nordin, MD, MPH, David B. Nelson, PhD, John P.
Mullooly, PhD, Eelko Hak, PhD. “Effectiveness of Influenza Vaccine in the Community-Dwelling Elderly,”
New England Journal of Medicine 357:1373-1381,2007 .

Wow! The results of this study sound great! All seniors should go out and get
a flu shot. Right? Not necessarily. The authors were concerned about confounding.
They were concerned that lower hospitalization and death rates may have been
due to something other than the flu shot. Could it be that seniors who get flu shots
are more health conscious or are able to get to the clinic more easily? Does race,
income, or gender play a role in whether one might contract (and possibly die from)
influenza?
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Definition Confounding in a study occurs when the effects of two or more explanatory
variables are not separated. Therefore, any relation that may exist between an
explanatory variable and the response variable may be due to some other variable
or variables not accounted for in the study.

Confounding is potentially a major problem with observational studies. Often, the
cause of confounding is a lurking variable.
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A lurking variable is an explanatory variable that was not considered in a study,
but that affects the value of the response variable in the study. In addition, lurking
variables are typically related to explanatory variables considered in the study.

In the influenza study, possible lurking variables might be age, health status, or
mobility of the senior. How can we manage the effect of lurking variables? One possibility
is to look at the individuals in the study to determine if they differ in any significant way.
For example, it turns out in the influenza study that the seniors who elected to get a flu
shot were actually /ess healthy than those who did not. The researchers also accounted
for race and income. The authors identified another potential lurking variable, functional
status, meaning the ability of the seniors to conduct day-to-day activities on their own.
The authors were able to adjust their results for this variable as well.

Even after accounting for all the potential lurking variables in the study, the authors
were still careful to conclude that getting an influenza shot is associated with a lower
risk of being hospitalized or dying from influenza. The authors used the term associated,
instead of saying the influenza shots caused a lower risk of death, because the study was
observational.

Observational studies do not allow a researcher to claim causation, only
association.
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Designed experiments, on the other hand, are used whenever control of certain
variables is possible and desirable. This type of research allows the researcher to identify
certain cause and effect relationships among the variables in the study.

So why ever conduct an observational study if we can’t claim causation? Often,
it is unethical to conduct an experiment. Consider the link between smoking and
lung cancer. In a designed experiment to determine if smoking causes lung cancer
in humans, a researcher would divide a group of volunteers into group 1 who would
smoke a pack of cigarettes every day for the next 10 years, and group 2 who would not
smoke. In addition, eating habits, sleeping habits, and exercise would be controlled
so that the only difference between the two groups was smoking. After 10 years the
experiment’s researcher would compare the proportion of participants in the study
who contract lung cancer in the smoking group to the nonsmoking group. If the two
proportions differ significantly, it could be said that smoking causes cancer. This
designed experiment is able to control many of the factors that might affect whether
one contracts lung cancer that would not be controlled in an observational study,
however, it is a very unethical study.

Other reasons exist for conducting observational studies over designed experiments.
An article in support of observational studies states, “observational studies have several
advantages over designed experiments, including lower cost, greater timeliness, and a
broader range of patients.” (Source: Kjell Benson, BA, and Arthur J. Hartz, MD, PhD.
“A Comparison of Observational Studies and Randomized, Controlled Trials,” New
England Journal of Medicine 342:1878-1886,2000).

One final thought regarding confounding. In designed experiments, it is possible
to have two explanatory variables in a study that are related to each other and related
to the response variable. For example, suppose Professor Egner wanted to conduct
an experiment in which she compared student success using online homework versus
traditional textbook homework. To do the study, she taught her morning statistics
class using the online homework and her afternoon class using traditional textbook
homework. At the end of the semester, she compared the final exam scores for the
online section to the textbook section. If the morning section had higher scores, could
Professor Egner conclude that online homework is the cause of higher exam scores? Not
necessarily. It is possible that the morning class had students who were more motivated.
It is impossible to know whether the outcome was due to the online homework or to the
time at which the class was taught. In this sense, we say that the time of day the class is
taught is a confounding variable.
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A confounding variable is an explanatory variable that was considered in a study
whose effect cannot be distinguished from a second explanatory variable in the study.

The big difference between lurking variables and confounding variables is that
lurking variables are not considered in the study (for example, we did not consider
lifestyle in the pneumonia study) whereas confounding variables are measured in the
study (for example, we measured morning versus afternoon classes).

So lurking variables are related to both the explanatory and response variables,
and this relation is what creates the apparent association between the explanatory
and response variable in the study. For example, lifestyle (healthy or not) is associated
with the likelihood of getting an influenza shot as well as the likelihood of contracting
pneumonia or influenza.

A confounding variable is a variable in a study that does not necessarily have any
association with the other explanatory variable, but does have an effect on the response
variable. Perhaps morning students are more motivated, and this is what led to the
higher final exam scores, not the homework delivery system.

The bottom line is that both lurking variables and confounding variables can
confound the results of a study, so a researcher should be mindful of their potential
existence.

‘We will continue to look at obtaining data through various types of observational
studies until Section 1.6, when we will look at designed experiments.
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@ Explain the Various Types of Observational Studies

There are three major categories of observational studies: (1) cross-sectional studies,
(2) case-control studies, and (3) cohort studies.

Cross-sectional Studies These observational studies collect information about
individuals at a specific point in time or over a very short period of time.

For example, a researcher might want to assess the risk associated with smoking by
looking at a group of people, determining how many are smokers, and comparing the
rate of lung cancer of the smokers to the nonsmokers.

An advantage of cross-sectional studies is that they are cheap and quick to do.
However, they have limitations. For our lung cancer study, individuals might develop
cancer after the data are collected, so our study will not give the full picture.

Case-control Studies These studies are retrospective, meaning that they require
individuals to look back in time or require the researcher to look at existing records. In
case-control studies, individuals who have a certain characteristic may be matched with
those who do not.

For example, we might match individuals who smoke with those who do not.
When we say “match” individuals, we mean that we would like the individuals in
the study to be as similar (homogeneous) as possible in terms of demographics and
other variables that may affect the response variable. Once homogeneous groups are
established, we would ask the individuals in each group how much they smoked over
the past 25 years. The rate of lung cancer between the two groups would then be
compared.

A disadvantage to this type of study is that it requires individuals to recall
information from the past. It also requires the individuals to be truthful in their
responses. An advantage of case-control studies is that they can be done relatively
quickly and inexpensively.

Cohort Studies A cohort study first identifies a group of individuals to participate in
the study (the cohort). The cohort is then observed over a long period of time. During
this period, characteristics about the individuals are recorded and some individuals will
be exposed to certain factors (not intentionally) and others will not. At the end of the
study the value of the response variable is recorded for the individuals.
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Typically, cohort studies require many individuals to participate over long periods
of time. Because the data are collected over time, cohort studies are prospective.
Another problem with cohort studies is that individuals tend to drop out due to the long
time frame. This could lead to misleading results. That said, cohort studies are the most
powerful of the observational studies.

One of the largest cohort studies is the Framingham Heart Study. In this study, more
than 10,000 individuals have been monitored since 1948. The study continues to this day,
with the grandchildren of the original participants taking part in the study. This cohort
study is responsible for many of the breakthroughs in understanding heart disease. Its
cost is in excess of $10 million.

Some Concluding Remarks about Observational Studies
versus Designed Experiments
Is a designed experiment always superior to an observational study? Not necessarily.
Plus, observational studies play a role in the research process. For example, because
cross-sectional and case-control observational studies are relatively inexpensive, they
allow researchers to explore possible associations prior to undertaking large cohort
studies or designing experiments.

Also, it is not always possible to conduct an experiment. For example, we could not
conduct an experiment to investigate the perceived link between high tension wires and
leukemia (on humans). Do you see why?

Existing Sources of Data and Census Data

‘The saying “There is no point in reinventing the wheel applies to spending energy obtaining
data that already exist. If a researcher wishes to conduct a study and an appropriate data
set exists, it would be silly to collect the data from scratch. For example, various federal
agencies regularly collect data that are available to the public. Some of these agencies
include the Centers for Disease Control and Prevention (www.cdc.gov), the Internal Revenue
Service (www.irs.gov), and the Department of Justice (www.bjs.gov). A great website that
lists virtually all the sources of federal data is fedstats.sites.usa.gov. Another great source of
data is the General Social Survey (GSS) administered by the University of Chicago. This
survey regularly asks “demographic and attitudinal questions™ of individuals around the
country. The website is https:/gssdataexplorer.norc.org.
Another source of data is a census.
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A census is a list of all individuals in a population along with certain characteristics
of each individual.

The United States conducts a census every 10 years to learn the demographic
makeup of the United States. Everyone whose usual residence is within the borders of
the United States must fill out a questionnaire packet. The cost of obtaining the census
in 2010 was approximately $5.4 billion; about 635,000 temporary workers were hired to
assist in collecting the data.

Why is the U.S. Census so important? The results of the census are used to
determine the number of representatives in the House of Representatives in each
state, congressional districts, distribution of funds for government programs (such as
Medicaid), and planning for the construction of schools and roads. The first census of
the United States was obtained in 1790 under the direction of Thomas Jefferson. It is a
constitutional mandate that a census be conducted every 10 years.

Is the United States successful in obtaining a census? Not entirely. Some individuals
go uncounted due to illiteracy, language issues, and homelessness. Given the political
stakes that are based on the census, politicians often debate how to count these
individuals. Statisticians have offered solutions to the counting problem. If you wish,
go to www.census.gov and in the search box type count homeless. You will find many
articles on the Census Bureau’s attempt to count the homeless. The bottom line is that
even census data can have flaws.
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ﬁ 1.3 Simple Random Sampling

ﬁ Objective

Definition

@ Obtain a simple random sample

Sampling

Besides the observational studies that we looked at in Section 1.2, observational studies
can also be conducted by administering a survey. When administering a survey, the
researcher must first identify the population that is to be targeted. For example, the
Gallup Organization regularly surveys Americans about various pop-culture and political
issues. Often, the population of interest is Americans aged 18 years or older. Of course, the
Gallup Organization cannot survey all adult Americans (there are over 200 million), so
instead the group typically surveys a random sample of about 1000 adult Americans.

Random sampling is the process of using chance to select individuals from a
population to be included in the sample.

For the results of a survey to be reliable, the characteristics of the individuals in the
sample must be representative of the characteristics of the individuals in the population.
The key to obtaining a sample representative of a population is to let chance or randomness
play a role in dictating which individuals are in the sample, rather than convenience. If
convenience is used to obtain a sample, the results of the survey are meaningless.
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Suppose that Gallup wants to know the proportion of adult Americans who consider
themselves to be baseball fans. If Gallup obtained a sample by standing outside of Fenway
Park (home of the Boston Red Sox professional baseball team), the survey results are not
likely to be reliable. Why? Clearly, the individuals in the sample do not accurately reflect
the makeup of the entire population. As another example, suppose you wanted to learn
the proportion of students on your campus who work. It might be convenient to survey the
students in your statistics class, but do these students represent the overall student body?
Does the proportion of freshmen, sophomores, juniors, and seniors in your class mirror the
proportion of freshmen, sophomores, juniors, and seniors on campus? Does the proportion
of males and females in your class resemble the proportion of males and females across
campus? Probably not. For this reason, the convenient sample is not representative of the
population, which means any results reported from your survey are misleading.

We will discuss four basic sampling techniques: simple random sampling, stratified
sampling, systematic sampling, and cluster sampling. These sampling methods are
designed so that any selection biases introduced (knowingly or unknowingly) by the
surveyor during the selection process are eliminated. In other words, the surveyor does
not have a choice as to which individuals are in the study. We will discuss simple random
sampling now and the remaining three types of sampling in Section 1.4.
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In Other Words
Simple random sampling is like
selecting names from a hat.

Obtain a Simple Random Sample
‘The most basic sample survey design is simple random sampling.
A sample of size n from a population of size N is obtained through simple random

sampling if every possible sample of size n has an equally likely chance of occurring.
The sample is then called a simple random sample.

The number of individuals in the sample is always less than the number of individuals in
the population.

lllustrating Simple Random Sampling

ﬁ ﬁ EXAMPLE 1

e Now Work Problem 7

Problem Sophia has four tickets to a concert. Six of her friends, Yolanda, Michael,

Kevin, Marissa, Annie, and Katie, have all expressed an interest in going to the concert.

Sophia decides to randomly select three of her six friends to attend the concert.

(a) List all possible samples of size n = 3 from the population of size N = 6. Once
an individual is chosen, he or she cannot be chosen again.

(b) Comment on the likelihood of the sample containing Michael, Kevin, and Marissa.

Approach List all possible combinations of three people chosen from the six.
Remember, in simple random sampling, each sample of size 3 is equally likely to occur.

Solution
(a) The possible samples of size 3 are listed in Table 2.

Table 2

Yolanda, Michael, Kevin ~ Yolanda, Michael, Marissa  Yolanda, Michael, Annic ~ Yolanda, Michael, Katie
Yolanda, Kevin, Marissa  Yolanda, Kevin, Annie Yolanda, Kevin, Katie  Yolanda, Marissa, Annie
Yolanda, Marissa, Katie ~ Yolanda, Annie, Katie Michael, Kevin, Marissa  Michael, Kevin, Annie
Michael, Kevin, Katie Michael, Marissa, Annie  Michael, Marissa, Katie  Michael, Annie, Katie

Kevin, Marissa, Annie  Kevin, Marissa, Katie Kevin, Annie, Katie Marissa, Annie, Katie

From Table 2, we see that there are 20 possible samples of size 3 from the
population of size 6. We use the term sample to mean the individuals in the sample.
(b) Only 1 of the 20 possible samples contains Michael, Kevin, and Marissa, so there is
a1in 20 chance that the simple random sample will contain these three. In fact, all
the samples of size 3 have a 1 in 20 chance of occurring. )
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A frame lists all the individuals
in a population. For example, a

list of all registered voters in a
particular precinct might be a

frame.
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Obtaining a Simple Random Sample

The results of Example 1 leave one question unanswered: How do we select the
individuals in a simple random sample? We could write the names of the individuals
in the population on different sheets of paper and then select names from a hat. Often,
however, the size of the population is so large that performing simple random sampling
in this fashion is not practical. Instead, each individual in the population is assigned a
unique number between 1 and N, where N is the size of the population. Then n distinct
random numbers from this list are selected, where n represents the size of the sample. To
number the individuals in the population, we need a frame—a list of all the individuals
within the population.
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EXAMPLE 2  Obtaining a Simple Random Sample Using a Table of Random Numbers

Problem The accounting firm of Senese and Associates has grown. To make sure their
clients are still satisfied with the services they are receiving, the company decides to
send a survey out to a simple random sample of 5 of its 30 clients.

Approach
Step 1 The clients must be listed (the frame) and numbered from 01 to 30.

Step 2 Five unique numbers will be randomly selected. The clients corresponding to
the numbers are sent a survey. This process is called sampling without replacement.
In a sample without replacement, an individual who is selected is removed from the
population and cannot be chosen again. In a sample with replacement, a selected
individual is placed back into the population and could be chosen a second time. We
use sampling without replacement so that we don't select the same client twice.

Solution

Step 1 Table 3 shows the list of clients. We arrange them in alphabetical order,
although this is not necessary, and number them from 01 to 30.

01. ABC Electric 11. Fox Studios 21. R&Q Realty
02. Brassil Construction 12. Haynes Hauling 22. Ritter Engineering

03. Bridal Zone 13. House of Hair 23. Simplex Forms

04. Casey’s Glass House 14. John's Bakery 24. Spruce Landscaping

05. Chicago Locksmith 15. Logistics Management, Inc.  25.Thors, Robert DDS

06. DeSoto Painting 16. Lucky Larry’s Bistro 26. Travel Zone

07 Dino Jump 17 Moe’s Exterminating 27 Ultimate Electric

08. Euro Car Care 18. Nick’s Tavern 28. Venetian Gardens Restaurant
09. Farrell’s Antiques 19. Orion Bowling 29. Walker Insurance

10. First Fifth Bank 20. Precise Plumbing 30. Worldwide Wireless

Step 2 A table of random numbers can be used to select the individuals to be in the
sample. See Table 4 on the next page.* We pick a starting place in the table by closing
our eyes and placing a finger on it. This method accomplishes the goal of being random.
Suppose we start in column 4, row 13. Because our data have two digits, we select two-
digit numbers from the table using columns 4 and 5. We select numbers between 01
and 30, inclusive, and skip 00, numbers greater than 30, and numbers already selected.

*Each digit is in its own column. The digits are displayed in groups of five for ease of reading. The digits in
row 1 are 893922321274483, and so on. The first digit, 8, is in column 1; the second digit, 9, is in column 2; the
ninth digit, 1, is in column 9.

(continued)
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Table 4

Row Column Number
Number ““o1 05 06-10  11-15 1620 21-25 2630 3135 3640 4145  46-50
R 1 89302 23212 74483 36500 25956 36544 68518 40805 09980 00467
02 61458 17639 96252 95649 73727 33912 72896 66218 52341 97141
03 11452 74197 81962 48433 90360 26480 73231 37740 26628 44690
04 27575 04429 31308 02241 01698 19191 18948 78871 36030 23980
05 36520 59100 88976 46845 28329 47460 88944 08264 00843 84592
06 81902 93458 42161 26099 09419 89073 82849 09160 61845 40906
07 59761 ss212 | 33360 | 68751 86737 79743 ssa62 31887 37879 17525
08 46827 25906 64708 20307 78423 15910 86548 08763 47050 18513
09 24040 66449 32353 83668 13874 86741 81312 S418s 78824 00718
10 98144 96372 0277 15571 82261 66628 31457 00377 63423 55141
1 14228 17930 30118 00438 49666 65189 62869 31304 17117 71489
12 55366 51057 90065 14791 62426 02957 85518 28822 30588 32798
Row13 — 13 96101 30646 35526 90389 73634 79304 96635 06626 94683 1669
14 38152, 55474 30153 26525 83647 31988 S2182 98377 33802 s0471
15 85007 | 18416 24661 95581 45868 1s662 28906 36392 07617 50248
16 85544 | 15890 80011 18160 33468 84106 40603 01315 74664 20553
7 10446 | 20699 98370 17684 16932 8049 92654 02084 19985 59321
18 67237 | 45509 17638 65115 29757 80705 82686 48565 72612 61760
19 23026 | 89817 05403 2200 30573 47501 00135 33955  S0250 72592
20 67411 | sss42 18678 46491 13219 84084 27783 34508 SSISS 78742

" We skip 52 because it is larger than 30.

The first number in the list is 01, so the client corresponding to 01 will receive a
survey. Reading down, the next number in the list is 52, which is greater than 30, so we
skip it. Continuing down the list, the following numbers are selected from the list:

01,07,26,11,23

We display each of the random numbers used to select the individuals in the sample in
boldface type in Table 4 to help you to understand where they came from. The clients
corresponding to these numbers are

ABC Electric, Dino Jump, Travel Zone, Fox Studios, Simplex Forms .
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EXAMPLE 3  Obtaining a Simple Random Sample Using Technology

Problem Find a simple random sample of five clients for the problem presented in
Example 2.

Approach The approach is similar to that given in Example 2.
Step 1 Obtain the frame and assign the clients numbers from 01 to 30.

Step 2 Randomly select five numbers using a random number generator. To do this,
we must first set the seed. The seed is an initial point for the generator to start creating
random numbers—like selecting the initial point in the table of random numbers. The
seed can be any nonzero number. Statistical software such as StatCrunch, Minitab, or
Excel can be used to generate random numbers, but we will use a TI-84 Plus C graphing
calculator. The steps for obtaining random numbers using StatCrunch, Minitab, Excel,
and the TI-83/84 Plus/84 Plus C graphing calculator can be found in the Technology
Step-by-Step beginning on page 25.
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Solution

Step 1 Table 3 on page 23 shows the list of clients and numbers corresponding to the
clients.

Step 2 Figure 3(a) shows the seed set at 34 on a TI-84 Plus C graphing calculator.
Now we can generate a list of random numbers, which are shown in Figure 3(b).

Figure 3

ks scnancin A 420,29, 270,
W

(a) (b)
The following numbers are generated by the calculator:
11, 4,20, 29,27

The clients corresponding to these numbers are the clients to be surveyed: Fox Studios,
Casey’s Glass House, Precise Plumbing, Walker Insurance, and Ultimate Electric. o

Notice an important difference in the solutions of Examples 2 and 3. Because
both samples were obtained randomly, they resulted in different individuals in the
sample! For this reason, each sample will likely result in different descriptive statistics.
Any inference based on each sample may result in different conclusions regarding the
population. This is the nature of statistics. Inferences based on samples will vary because
the individuals in different samples vary.
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Technology Step-by-Step obtaining a simple Random Sample

TI-83/84 Plus

1. Enter any nonzero number (the seed) on the HOME
screen.

2. Press the STO P> button.

3. Press the MATH button.

4. Highlight the PRB menu and select 1: rand.

5. From the HOME screen press ENTER.

6. Press the MATH button. Highlight the PRB menu and
select 5: randInt (.

7. With randInt ( on the HOME screen, enter 1,N),
where N is the population size. For example, if N = 500,
enter the following:

randInt (1,500)

Press ENTER to obtain the first individual in the sample.
Continue pressing ENTER until the desired sample size
is obtained.

TI-84 Plus C

1. Enter any nonzero number (the seed) on the HOME
screen.

2. Press the STO P button.

3. Press the MATH button.

4. Highlight the PROB menu and select 1: rand.

5. From the HOME screen press ENTER.

6. Press the MATH button.

7. Highlight the PROB menu and select
8: randIntNoRep (.

8. Type in the values for lower, upper, and n.

9. Highlight Paste. Press ENTER. Press ENTER a second
time from the HOME screen.

Minitab

1. Select the Cale menu and highlight Set Base ... .

2. Enter any seed number you desire. Note that it is not
necessary to set the seed, because Minitab uses the time
of day in seconds to set the seed.

3. Select the Cale menu, highlight Random Data, and
select Integer ... .
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Objectives

Definition

@ Obtain a stratified sample
@ Obtain a systematic sample
© Obtain a cluster sample

The goal of sampling is to obtain as much information as possible about the population
at the least cost. Remember, we are using the word cost in a general sense. Cost includes
monetary outlays, time, and other resources. With this goal in mind, we may find it
advantageous to use sampling techniques other than simple random sampling.

Obtain a Stratified Sample

Under certain circumstances, stratified sampling provides more information about the
population for less cost than simple random sampling.

A stratified sample is obtained by separating the population into nonoverlapping
groups called strata and then obtaining a simple random sample from each stratum.
The individuals within each stratum should be homogeneous (or similar) in some way.
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In Other Words

Stratum is singular, while strata
is plural. The word strata means
divisions. So a stratified sample
is a simple random sample

of different divisions of the
population.

For example, suppose Congress was considering a bill that abolishes estate taxes.
In an effort to determine the opinion of her constituency, a senator asks a pollster to
conduct a survey within her state. The pollster may divide the population of registered
voters within the state into three strata: Republican, Democrat, and Independent. This
grouping makes sense because the members within each of the three parties may have
the same opinion regarding estate taxes, but opinions among parties may differ. The
main criterion in performing a stratified sample is that each group (stratum) must have
a common attribute that results in the individuals being similar within the stratum.

An advantage of stratified sampling over simple random sampling is that it may
allow fewer individuals to be surveyed while obtaining the same or more information.
This result occurs because individuals within each subgroup have similar characteristics,
so opinions within the group are not as likely to vary much from one individual to the
next. In addition, a stratified sample guarantees that each stratum is represented in the
sample.
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® Now Work Problem 25

Problem The president of DePaul University wants to conduct a survey to determine
the community’s opinion regarding campus safety. The president divides the DePaul
community into three groups: resident students, nonresident (commuting) students,
and staff (including faculty) so that he can obtain a stratified sample. Suppose there are
6204 resident students, 13,304 nonresident students, and 2401 staff, for a total of 21,909
individuals in the population. The president wants to obtain a sample of size 100, with
the number of individuals selected from each stratum weighted by the population size.
So resident students make up 6204/21,909 = 28% of the sample, nonresident students
account for 61% of the sample, and staff constitute 11% of the sample. A sample of size
100 requires a stratified sample of 0.28(100) = 28 resident students, 0.61(100) = 61
nonresident students, and 0.11(100) = 11 staff.

Approach To obtain the stratified sample, conduct a simple random sample within
each group. That is, obtain a simple random sample of 28 resident students (from the
6204 resident students), a simple random sample of 61 nonresident students, and a
simple random sample of 11 staff. Be sure to use a different seed for each stratum.

Solution Using Minitab, with the seed set to 4032 and the values shown in Figure 4, we
obtain the following sample of staff:
240, 630, 847, 190, 2096, 705, 2320, 323, 701, 471, 744

Figure 4

Distubution

Repeat this procedure for the resident and nonresident students using a different
seed. .
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An advantage of stratified sampling over simple random sampling is that the
researcher can determine characteristics within each stratum. This allows an analysis to
be performed on each stratum to see if any significant differences among them exist. For
example, we could analyze the data obtained in Example 1 to see if there is a difference
in the opinions of students versus staff.

Obtain a Systematic Sample

In both simple random sampling and stratified sampling, a frame—a list of the
individuals in the population being studied —must exist. Therefore, these sampling
techniques require some preliminary work before obtaining the sample. A sampling
technique that does not require a frame is systematic sampling.

A systematic sample is obtained by selecting every kth individual from the population.
The first individual selected corresponds to a random number between 1 and k.

Because systematic sampling does not require a frame, it is a useful technique when
you cannot obtain a list of the individuals in the population.

To obtain a systematic sample, select a number k, randomly select a number
between 1 and k and survey that individual, then survey every kth individual there
after. For example, we might decide to survey every k = 8th individual. We randomly
select a number between 1 and 8, such as 5. This means we survey the 5th, 5 + 8 =
13th, 13 + 8 = 21st, 21 + 8 = 29th, and so on, individuals until we reach the desired
sample size.
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Making an Informed Decision

It is your senior year of high school. You will have
a lot of exciting experiences in the upcoming
year, plus a major decision to make—which college
should I attend? The choice you make may affect
many aspects of your life—your career, where you
live, your significant other, and so on, so you don't
want to simply choose the college that everyone
else picks. You need to design a questionnaire to
help you make an informed decision about college. In
addition, you want to know how well the college you are considering educates
its students. See Making an Informed Decision on page 59.

PUTTING IT TOGETHER

Statistics plays a major role in many aspects of our lives. It is used in sports,
for example, to help a general manager decide which player might be the best
fit for a team. It is used in politics to help candidates understand how the
public feels about various policies. And statistics is used in medicine to help
determine the effectiveness of new drugs.

Used appropriately, statistics can enhance our understanding of the
world around us. Used inappropriately, it can lend support to inaccurate
beliefs. Understanding statistical methods will provide you with the ability
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Obtaining a Systematic Sample without a Frame

ﬁ ﬁ EXAMPLE 2

Problem The manager of Kroger Food Stores wants to measure the satisfaction of the
store’s customers. Design a sampling technique that can be used to obtain a sample of
40 customers.

Approach A frame of Kroger customers would be difficult, if not impossible, to obtain.
Therefore, it is reasonable to use systematic sampling by surveying every kth customer
who leaves the store.

Solution The manager decides to obtain a systematic sample by surveying every 7th
customer. He randomly determines a number between 1 and 7 say 5. He then surveys
the 5th customer exiting the store and every 7th customer thereafter, until he has a
sample of 40 customers. The survey will include customers 5, 12, 19, ..., 278.* 0

But how do we select the value of k? If the size of the population is unknown, there
is no mathematical way to determine k. The value of k must be small enough to achieve
our desired sample size, and large enough to obtain a sample that is representative of
the population.

To clarify this point, let’s revisit Example 2. If & is too large, say 30, we will survey
every 30th shopper, starting with the 5th. A sample of size 40 would require that 1175
shoppers visit Kroger on that day. If Kroger does not have 1175 shoppers, the desired
sample size will not be achieved. On the other hand, if & is too small, say 4, the store
would survey the 5th, 9th, . .., 161st shopper. The 161st shopper might exit the store at
3 p.M., so our survey would not include any of the evening shoppers. This sample is not
representative of all Kroger patrons! An estimate of the size of the population would
help to determine an appropriate value for k.

*Because we are surveying 40 customers, the first individual surveyed is the 5th, the second is the 5 +7=12th,
the third is the 5 + (2) 7 = 19th, and so on, until we reach the 40th, which is the 5 + (39) 7= 278th shopper.
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To determine the value of k when the size of the population, N, is known is relatively
ﬁ straightforward. Suppose the population size is N = 20,325 and we desire a sample of
size n = 100. To guarantee that individuals are selected evenly from both the beginning
and the end of the population (such as early and late shoppers), we compute N/z and
round down to the nearest integer. For example, 20,325/100 = 203.25, so k = 203.
Then we randomly select a number between 1 and 203 and select every 203rd individual
thereafter. So, if we randomly selected 90 as our starting point, we would survey the
90th, 293rd, 496th, . .., 20,187th individuals.

We summarize the procedure as follows:

Steps in Systematic Sampling

1. If possible, approximate the population size, N.
2. Determine the sample size desired, n.

N
3. Compute o and round down to the nearest integer. This value is k.

4. Randomly select a number between 1 and k. Call this number p.
5. The sample will consist of the following individuals:

pp+kp+2k....p+(n—1k

Because systematic sampling does not require a frame, it typically provides more
information for a given cost than does simple random sampling. In addition, systematic
sampling is easier to employ, so there is less likelihood of interviewer error occurring,

© Now Work Problem 27  such as selecting the wrong individual to be surveyed.

© Obtain a Cluster Sample

A fourth sampling method is called cluster sampling. Like the previous three sampling
methods, this method has benefits under certain circumstances.

Definition A cluster sample is obtained by selecting all individuals within a randomly selected
collection or group of individuals.
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Imagine a mall parking lot.
Each subsection of the lot could
be a cluster (Section F-4, for
example).

Suppose a school administrator wants to learn the characteristics of students
enrolled in online classes. Rather than obtaining a simple random sample based on
the frame of all students enrolled in online classes, the administrator could treat each
online class as a cluster and then obtain a simple random sample of these clusters. The
administrator would then survey all the students in the selected clusters. This reduces
the number of classes that get surveyed.

Obtaining a Cluster Sample

ﬁ % EXAMPLE 3

Problem A sociologist wants to gather data regarding household income within the
city of Boston. Obtain a sample using cluster sampling.

Approach The city of Boston can be set up so that each city block is a cluster. Once the
city blocks have been identified, obtain a simple random sample of the city blocks and
survey all households on the blocks selected.

Solution Suppose there are 10,493 city blocks in Boston. First, the sociologist must

number the blocks from 1 to 10,493. Suppose the sociologist has enough time and
money to survey 20 clusters (city blocks). The sociologist should obtain a simple

(continued)
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e Now Work Problem 13

random sample of 20 numbers between 1 and 10,493 and survey all households from
the clusters selected. Cluster sampling is a good choice in this example because it
reduces the travel time to households that is likely to occur with both simple random
sampling and stratified sampling. In addition, there is no need to obtain a frame of
all the households with cluster sampling. The only frame needed is one that provides
information regarding city blocks. .

The following are a few of the questions that arise in cluster sampling:

* How do I cluster the population?
* How many clusters do I sample?
* How many individuals should be in each cluster?

First, we must determine whether the individuals within the proposed cluster
are homogeneous (similar individuals) or heterogeneous (dissimilar individuals). In
Example 3, city blocks tend to have similar households. Survey responses from houses
on the same city block are likely to be similar. This results in duplicate information. We
conclude that if the clusters have homogeneous individuals it is better to have more
clusters with fewer individuals in each cluster.

What if the cluster is heterogeneous? Under this circumstance, the heterogeneity
of the cluster likely resembles the heterogeneity of the population. In other words,
each cluster is a scaled-down representation of the overall population. For example,
a quality-control manager might use shipping boxes that contain 100 light bulbs as a
cluster, since the rate of defects within the cluster would resemble the rate of defects
in the population, assuming the bulbs are randomly placed in the box. Thus, when
each cluster is heterogeneous, fewer clusters with more individuals in each cluster are
appropriate.
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Convenience Sampling

In the four sampling techniques just presented, the individuals are selected randomly.
Inappropriate sampling methods are those in which the individuals are not randomly
selected.

Have you ever watched a talk show where the host asks listeners to reply to a poll
through Twitter? This is a non-scientific data collection method, so the results of any
analysis are suspect because the data was obtained using a convenience sample.

A convenience sample is a sample in which the individuals are easily obtained and
not based on randomness.

The most popular of the many types of convenience samples are those in which
the individuals in the sample are self-selected (the individuals themselves decide
to participate in a survey). These are also called voluntary response samples. One
example of self-selected sampling is phone-in polling; a radio personality will ask
his or her listeners to phone the station to submit their opinions. Another example
is the use of the Internet to conduct surveys. For example, a television news show
will present a story regarding a certain topic and ask its viewers to “tell us what you
think™ by completing a questionnaire online or phoning in an opinion. Both of these
samples are poor designs because the individuals who decide to be in the sample
generally have strong opinions about the topic. A more typical individual in the
population will not bother phoning or logging on to a computer to complete a survey.
Any inference made regarding the population from this type of sample should be
made with extreme caution.

Convenience samples yield unreliable results because the individuals participating
in the survey are not chosen using random sampling. Instead, the interviewer or
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participant selects who is in the survey. Would an interviewer select an ornery
individual? Of course not! Therefore, the sample is likely not to be representative of
the population.

Multistage Sampling

In practice, most large-scale surveys obtain samples using a combination of the
techniques just presented.

As an example of multistage sampling, consider Nielsen Media Research. Nielsen
randomly selects households and monitors the television programs these households
are watching through a People Meter. The meter is an electronic box placed on each TV
within the household. The People Meter measures what program is being watched and
who is watching it. Nielsen selects the households with the use of a two-stage sampling
process.

Stage 1 Using U.S. Census data, Nielsen divides the country into geographic areas
(strata). The strata are typically city blocks in urban areas and geographic regions in
rural areas. About 6000 strata are randomly selected.

Stage 2 Nielsen sends representatives to the selected strata and lists the households
within the strata. The households are then randomly selected through a simple random
sample.

Nielsen sells the information obtained to television stations and companies. These
results are used to help determine prices for commercials.

As another example of multistage sampling, consider the sample used by the Census
Bureau for the Current Population Survey. This survey requires five stages of sampling:
Stage 1  Stratified sample
Stage 2 Cluster sample
Stage 3  Stratified sample
Stage 4  Cluster sample
Stage 5 Systematic sample
This survey is very important because it is used to obtain demographic estimates of the
United States in noncensus years. Details about the Census Bureau’s sampling method

can be found in The Current Population Survey: Design and Methodology, Technical
Paper No. 40.
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Sample Size Considerations

Throughout our discussion of sampling, we did not mention how to determine the
sample size. Researchers need to know how many individuals they must survey to draw
conclusions about the population within some predetermined margin of error. They
must find a balance between the reliability of the results and the cost of obtaining these
results. Time and money determine the level of confidence researchers will place on the
conclusions drawn from the sample data. The more time and money researchers have
available, the more accurate the results of the statistical inference.

In Sections 9.1 and 9.2, we discuss techniques for determining the sample size
required to estimate characteristics regarding the population within some margin of
error. (For a detailed discussion of sample size considerations, consult a text on sampling
techniques such as Elements of Sampling Theory and Methods by Z. Govindarajulu,
Pearson, 1999.)
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Bias in Sampling

Objective

Definition

The word bias could mean to
give preference to selecting
some individuals over others;
it could also mean that certain
responses are more likely to
occur in the sample than in the

population.

@

@ Explain the sources of bias in sampling

Explain the Sources of Bias in Sampling

So far we have looked at how to obtain samples, but not at some of the problems that
inevitably arise in sampling. Remember, the goal of sampling is to obtain information
about a population through a sample.

If the results of the sample are not representative of the population, then the sample
has bias.

There are three sources of bias in sampling:

1. Sampling bias
2. Nonresponse bias
3. Response bias

Sampling Bias

Sampling bias means that the technique used to obtain the sample’s individuals tends to
favor one part of the population over another. Any convenience sample has sampling
bias because the individuals are not chosen through a random sample.

Sampling bias also results due to undercoverage, which occurs when the proportion
of one segment of the population is lower in a sample than it is in the population.
Undercoverage can result if the frame used to obtain the sample is incomplete or not
representative of the population. Some frames, such as the list of all registered voters,
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may seem easy to obtain; but even this frame may be incomplete since people who
recently registered to vote may not be on the published list of registered voters.

Sampling bias can lead to incorrect predictions. For example, the magazine Literary
Digest predicted that Alfred M. Landon would defeat Franklin D. Roosevelt in the
1936 presidential election. The Literary Digest conducted a poll based on a list of its
subscribers, telephone directories, and automobile owners. On the basis of the results,
the Literary Digest predicted that Landon would win with 57% of the popular vote.
However, Roosevelt won the election with about 62% of the popular vote. This election
took place during the height of the Great Depression. In 1936, most subscribers to the
magazine, households with telephones, and automobile owners were Republican, the
party of Landon. Therefore, the choice of the frame used to conduct the survey led to
an incorrect prediction due to sampling bias. Essentially, there was undercoverage of
Democrats.

It is difficult to gain access to a complete list of individuals in a population. For
example, public-opinion polls often use random digit dialing (RDD) telephone surveys,
which implies that the frame is all households with telephones (landlines or cell phones).
This method of sampling excludes households without telephones, as well as homeless
people. If these people differ in some way from people with telephones or homes, the
results of the sample may not be valid.

Nonresponse Bias

Nonresponse bias exists when individuals selected to be in the sample who do not
respond to the survey have different opinions from those who do. Nonresponse
can occur because individuals selected for the sample do not wish to respond or the
interviewer was unable to contact them.

All surveys will suffer from nonresponse. The federal government’s Current
Population Survey has a response rate of about 92%, but it varies depending on the age
of the individual. For example, the response rate for 20- to 29-year-olds is 85%, and for
individuals 70 and older, it is 99%. Response rates in random digit dialing telephone
surveys are typically around 70%, e-mail survey response rates hover around 40%, and
mail surveys can have response rates as high as 60%.

Nonresponse bias can be controlled using callbacks. For example, if a mailed
questionnaire was not returned, a callback might mean phoning the individual to
conduct the survey. If an individual was not at home, a callback might mean returning to
the home at other times in the day.

Another method to improve nonresponse is using rewards, such as cash payments
for completing a questionnaire, or incentives such as a cover letter that states that the
responses to the questionnaire will determine future policy. For example, I received
$1 with a survey regarding my satisfaction with a recent purchase. The $1 “payment™
was meant to make me feel guilty enough to fill out the questionnaire. As another
example, a city may send out questionnaires to households and state in a cover letter
that the responses to the questionnaire will be used to decide pending issues within
the city.

Let’s consider the Literary Digest poll again. The Literary Digest mailed out more
than 10 million questionnaires and 2.3 million people responded. The rather low
response rate (23%) contributed to the incorrect prediction. After all, Roosevelt was the
incumbent president and only those who were unhappy with his administration were
likely to respond. In the same election, the 35-year-old George Gallup predicted that
Roosevelt would win the election in his survey involving 50,000 people.
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Data Collection

Even when data tell us that a relation exists, we need to investigate. For example,
a study showed that breast-fed children have higher IQs than those who were not
breast-fed. Does this study mean that a mother who breast-feeds her child will increase
the child’s IQ? Not necessarily. It may be that some factor other than breast-feeding
contributes to the IQ of the children. In this case, it turns out that mothers who breast-
feed generally have higher IQs than those who do not. Therefore, it may be genetics that
leads to the higher 1Q, not breast-feeding.* This illustrates an idea in statistics known
as the lurking variable. A good statistical study will have a way of dealing with lurking
variables.

A key aspect of data is that they vary. Consider the students in your classroom.
Is everyone the same height? No. Does everyone have the same color hair? No. So,
within groups there is variation. Now consider yourself. Do you eat the same amount
of food each day? No. Do you sleep the same number of hours each day? No. So
even considering an individual there is variation. Data vary. One goal of statistics is to
describe and understand the sources of variation. Variability in data may help to explain
the different results obtained by the ABC News/Washington Post and NBC News/Wall
Street Journal polls described at the beginning of this section.

Because of this variability, the results that we obtain using data can vary. In a
mathematics class, if Bob and Jane are asked to solve 3x + 5 = 11, they will both obtain
x = 2 as the solution when they use the correct procedures. In a statistics class, if Bob and
Jane are asked to estimate the average commute time for workers in Dallas, Texas, they
will likely get different answers, even though both use the correct procedure. The different
answers occur because they likely surveyed different individuals, and these individuals
have different commute times. Bob and Jane would get the same result if they both asked
all commuters or the same commuters about their commutes, but how likely is this?

So, in mathematics when a problem is solved correctly, the results can be reported
with 100% certainty. In statistics, when a problem is solved, the results do not have
100% certainty. In statistics, we might say that we are 95% confident that the average
commute time in Dallas, Texas, is between 20 and 23 minutes. Uncertain results may
seem disturbing now but will feel more comfortable as we proceed through the course.

Without certainty, how can statistics be useful? Statistics can provide an
understanding of the world around us because recognizing where variability in data
comes from can help us to control it. Understanding the techniques presented in this text
will provide you with powerful tools that will give you the ability to analyze and critique
media reports, make investment decisions, or conduct research on major purchases. This
will help to make you an informed citizen, consumer of information, and critical and
statistical thinker.
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Response Bias
Response bias exists when the answers on a survey do not reflect the true feelings of the
respondent. Response bias can occur in a number of ways.

Interviewer Error A trained interviewer is essential to obtain accurate information
from a survey. A skilled interviewer can elicit responses from individuals and make the
interviewee feel comfortable enough to give truthful responses. For example, a good
interviewer can obtain truthful answers to questions as sensitive as “Have you ever
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Nonsampling errors result from undercoverage, nonresponse bias, response bias,
or data-entry error. Such errors could also be present in a complete census of the
population. Sampling error results from using a sample to estimate information
about a population. This type of error occurs because a sample gives incomplete
information about a population.
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The major theme of this chapter has been data collection. Section 1.2 briefly discussed
the idea of an experiment, but the main focus was on observational studies. Sections 1.3
through 1.5 focused on sampling and surveys. In this section, we further develop the idea
of collecting data through an experiment.

Describe the Characteristics of an Experiment

Remember, in an observational study, if an association exists between an explanatory
variable and response variable the researcher cannot claim causality. To demonstrate
how changes in the explanatory variable cause changes in the response variable, the
researcher needs to conduct an experiment.

An experiment is a controlled study conducted to determine the effect varying
one or more explanatory variables or factors has on a response variable. Any
combination of the values of the factors is called a treatment.
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In an experiment, the experimental unit is a person, object, or some other well-
defined item upon which a treatment is applied. We often refer to the experimental unit as
a subject when he or she is a person. The subject is analogous to the individual in a survey.

The goal in an experiment is to determine the effect various treatments have on the
response variable. For example, we might want to determine whether a new treatment
is superior to an existing treatment (or no treatment at all). To make this determination,
experiments require a control group. A control group serves as a baseline treatment
that can be used to compare it to other treatments. For example, a researcher in
education might want to determine if students who do their homework using an online
homework system do better on an exam than those who do their homework from the
text. The students doing the text homework might serve as the control group (since this
is the currently accepted practice). The factor is the type of homework. There are two
treatments: online homework and text homework.

A second method for defining the control group is through the use of a placebo. A
placebo is an innocuous medication, such as a sugar tablet, that looks, tastes, and smells
like the experimental medication.

In an experiment, it is important that each group be treated the same way. It is also
important that individuals do not adjust their behavior because of the treatment they are
receiving. For this reason, many experiments use a technique called blinding. Blinding
refers to nondisclosure of the treatment an experimental unit is receiving. There are two
types of blinding: single blinding and double blinding.

In single-blind experiments, the experimental unit (or subject) does not know
which treatment he or she is receiving. In double-blind experiments, neither the
experimental unit nor the researcher in contact with the experimental unit knows
which treatment the experimental unit is receiving.
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@; % EXAMPLE 1 The Characteristics of an Experiment

Problem Lipitor is a cholesterol-lowering drug made by Pfizer. In the Collaborative
Atorvastatin Diabetes Study (CARDS), the effect of Lipitor on cardiovascular disease
was assessed in 2838 subjects, ages 40 to 75, with type 2 diabetes, without prior history
of cardiovascular disease. In this placebo-controlled, double-blind experiment, subjects
were randomly allocated to either Lipitor 10 mg daily (1428) or placebo (1410) and
were followed for 4 years. The response variable was the occurrence of any major
cardiovascular event.

Lipitor significantly reduced the rate of major cardiovascular events (83 events in
the Lipitor group versus 127 events in the placebo group). There were 61 deaths in the
Lipitor group versus 82 deaths in the placebo group.

(a) What does it mean for the experiment to be placebo-controlled?

(b) What does it mean for the experiment to be double-blind?

(c) What is the population for which this study applies? What is the sample?
(d) What are the treatments?

(e) What is the response variable? Is it qualitative or quantitative?

Approach Apply the definitions just presented.

Solution

(a) The placebo is a medication that looks, smells, and tastes like Lipitor. The placebo
control group serves as a baseline against which to compare the results from the
group receiving Lipitor. The placebo is also used because people tend to behave
differently when they are in a study. By having a placebo control group, the effect
of this is neutralized.

(b) Since the experiment is double-blind, the subjects, as well as the individual
monitoring the subjects, do not know whether the subjects are receiving Lipitor

(continued)
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or the placebo. The experiment is double-blind so that the subjects receiving the
medication do not behave differently from those receiving the placebo and so
the individual monitoring the subjects does not treat those in the Lipitor group
differently from those in the placebo group.

(¢) The population is individuals from 40 to 75 years of age with type 2 diabetes
without a prior history of cardiovascular disease. The sample is the 2838 subjects
in the study.

(d) The treatments are 10 mg of Lipitor or a placebo daily.

(e) The response variable is whether the subject had any major cardiovascular event,

e Now Work Problem 7 such as a stroke, or not. It is a qualitative variable. .
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@ Explain the Steps in Designing an Experiment

To design an experiment means to describe the overall plan in conducting the
experiment. Conducting an experiment requires a series of steps.

Step 1 Identify the Problem to Be Solved. The statement of the problem should be as explicit as possible and should
provide the experimenter with direction. The statement must also identify the response variable and the population
to be studied. Often, the statement is referred to as the claim.

Step 2 Determine the Factors That Affect the Response Variable. The factors are usually identified by an expert
in the field of study. In identifying the factors, ask, “What things affect the value of the response variable?” After the
factors are identified, determine which factors to fix at some predetermined level, which to manipulate, and which to
leave uncontrolled.

Step 3 Determine the Number of Experimental Units. As a general rule, choose as many experimental units as
time and money allow. Techniques (such as those in Sections 9.1 and 9.2) exist for determining sample size, provided
certain information is available.

Step 4 Determine the Level of Each Factor. There are two ways to deal with the factors: control or randomize.

1. Control: There are two ways to control the factors.
(a) Set the level of a factor at one value throughout the experiment (if you are not interested in its effect on the
response variable).
(b) Set the level of a factor at various levels (if you are interested in its effect on the response variable). The
combinations of the levels of all varied factors constitute the treatments in the experiment.
2. Randomize: Randomly assign the experimental units to treatment groups. Because it is difficult, if not impossible,
to identify all factors in an experiment, randomly assigning experimental units to treatment groups mutes the
effect of variation attributable to factors (explanatory variables) not controlled.

Step 5 Conduct the Experiment.

(a) Replication occurs when each treatment is applied to more than one experimental unit. Using more than one
experimental unit for each treatment ensures the effect of a treatment is not due to some characteristic of a
single experimental unit. It is a good idea to assign an equal number of experimental units to each treatment.

(b) Collect and process the data. Measure the value of the response variable for each replication. Then organize
the results. The idea is that the value of the response variable for each treatment group is the same before the
experiment because of randomization. Then any difference in the value of the response variable among the
different treatment groups is a result of differences in the level of the treatment.

Step 6 Test the Claim. This is the subject of inferential statistics. Inferential statistics is a process in which generalizations
about a population are made on the basis of results obtained from a sample. Provide a statement regarding the level of
confidence in the generalization. Methods of inferential statistics are presented in Chapters 9 through 15.
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Definition A completely randomized design is one in which each experimental unit is randomly
assigned to a treatment.

@ @ ﬁ EXAMPLE 2 A Completely Randomized Design
Problem A farmer wishes to determine the optimal level of a new fertilizer on his

soybean crop. Design an experiment that will assist him.
Approach Follow the steps for designing an experiment.

Solution

Step 1 The farmer wants to identify the optimal level of fertilizer for growing
soybeans. We define optimal as the level that maximizes yield. So the response variable
will be crop yield.

Step 2 Some factors that affect crop yield are fertilizer, precipitation, sunlight,
method of tilling the soil, type of soil, plant, and temperature.

Step 3 In this experiment, we will plant 60 soybean plants (experimental units).

Step 4 List the factors and their levels.

In Other Words * Fertilizer. This factor will be controlled and set at three levels. We wish to measure
The various levels of the the effect of varying the level of this variable on the response variable, yield. We
factor are the treatments in a will set the treatments (level of fertilizer) as follows:

completely randomized design. i =
Treatment A: 20 soybean plants receive no fertilizer.

Treatment B: 20 soybean plants receive 2 teaspoons of fertilizer per gallon of
water every 2 weeks.

Treatment C: 20 soybean plants receive 4 teaspoons of fertilizer per gallon of
water every 2 weeks.

Figure & See Figure 6.

* Precipitation. The amount of rainfall cannot be controlled, but the amount of
watering done can be controlled. Each plant will receive the same amount of
precipitation.

* Sunlight. This uncontrollable factor will be roughly the same for each plant.

* Method of tilling. Control this factor by using round-up ready method of tilling for
each plant.

* Type of soil. Certain aspects of the soil, such as level of acidity, can be controlled.
In addition, each plant will be planted within a I-acre area, so it is reasonable to
assume that the soil conditions for each plant are equivalent.

* Plant. There may be variation from plant to plant. To account for this, randomly
assign the plants to a treatment.

* Temperature. This factor is uncontrollable, but will be the same for each plant.
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Step 5

(a) Randomly assign each plant to a treatment group. First, number the plants from
1 to 60 and randomly generate 20 numbers. The plants corresponding to these
numbers get treatment A. Next number the remaining plants 1 to 40 and randomly
generate 20 numbers. The plants corresponding to these numbers get treatment B.
The remaining plants get treatment C. Now till the soil, plant the soybean plants,
and fertilize according to the schedule prescribed.

(b) At the end of the growing season, determine the crop yield for each plant.

Step 6 Determine any differences in yield among the three treatment groups. Figure 7
on the following page illustrates the experimental design.

(continued)
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© Now Work Problem 9

Definition

Figure 7

Example 2 is a completely randomized design because the experimental units
(the plants) were randomly assigned to the treatments. It is the most popular
experimental design because of its simplicity, but it is not always the best. We discuss
inferential procedures for the completely randomized design with two treatments and
quantitative response variable in Section 11.3 and with three or more treatments in
Section 13.1. We discuss inferential procedures for the completely randomized design
for a qualitative response variable in Sections 11.1 and 12.2.

Explain the Matched-Pairs Design

Another type of experimental design is called a matched-pairs design.

A matched-pairs design is an experimental design in which the experimental units
are paired up. The pairs are selected so that they are related in some way (that

is, the same person before and after a treatment, twins, husband and wife, same
geographical location, and so on). There are only two levels of treatment in a
matched-pairs design.
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ﬁ @ Explain the Process of Statistics

Consider the following scenario.

NOTE YYou are walking down the street and notice that a person walking in front of you
Obtaining a truthful response drops $100. Nobody seems to notice the $100 except you. Since you could keep
to a question such as this is the money without anyone knowing, would you keep the money or return it to the
challenging. In Section 1.5, we owner?

present some techniques for
obtaining truthful responses to
sensitive questions. ®

Suppose you wanted to use this scenario as a gauge of the morality of students
at your school by determining the percent of students who would return the money.
How might you do this? You could attempt to present the scenario to every student
at the school, but this would be difficult or impossible if the student body is large. A
second possibility is to present the scenario to 50 students and use the results to make a
statement about all the students at the school.

*In fact, a study found that a gene called FADS?2 is responsible for higher 1Q scores in breast-fed babies.
Source: Duke University, “Breastfeeding Boosts 1Q in Infants with ‘Helpful’ Genetic Variant,” Science Daily
6 November 2007,
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In matched-pairs design, one matched individual will receive one treatment and
the other receives a different treatment. The matched pair is randomly assigned to the
treatment using a coin flip or a random-number generator. We then look at the difference
in the results of each matched pair. One common type of matched-pairs design is to
measure a response variable on an experimental unit before and after a treatment is
applied. In this case, the individual is matched against itself. These experiments are
sometimes called before-after or pretest-posttest experiments.

A Matched-Pairs Design

Problem An educational psychologist wants to determine whether listening to
music has an effect on a student’s ability to learn. Design an experiment to help the
psychologist answer the question.

Approach We will use a matched-pairs design by matching students according to 1Q
and gender (just in case gender plays a role in learning with music).

Solution Match students according to IQ and gender. For example, match two females
with IQs in the 110 to 115 range.

For each pair of students, flip a coin to determine which student is assigned the
treatment of a quiet room or a room with music playing in the background.

Each student will be given a statistics textbook and asked to study Section 1.1.
After 2 hours, the students will enter a testing center and take a short quiz on the
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Figure 8

® Now Work Problem 11

material in the section. Compute the difference in the scores of each matched pair.
Any differences in scores will be attributed to the treatment. Figure 8 illustrates the
design.

For each matched
pair, compute the

difference in
scores on the
exam.

We discuss statistical inference for the matched-pairs design for a qualitative
response variable in Section 12.3 and quantitative response variable in Section 11.2.

Explain the Randomized Block Design

The completely randomized design is the simplest experimental design. However,
its simplicity can lead to flaws. Before we introduce a slightly more complicated
experimental design, consider the following story.

I coach my son’s soccer team, which is comprised of four 10-year-olds, six 9-year-olds,
and four 8-year-olds. After each practice, I like to have a 15-minute scrimmage where I
randomly assign seven players to each team. I quickly learned that randomly assigning
players sometimes resulted in very unequal teams (such as a team of four 10-year-olds
and three 9-year-olds). So I learned that I should randomly assign two 10-year-olds to
one team and the other two 10-year-olds to the other team. I then assigned three 9-year-
olds to each team and two 8-year-olds to each team. Using the language of statistics, I was
blocking by age.
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Grouping together similar (homogeneous) experimental units and then randomly
assigning the experimental units within each group to a treatment is called blocking.
Each group of homogeneous individuals is called a block.

With the soccer story in mind, let’s revisit our crop-yield experiment from Example
2, where we assumed that the soybean plants were the same variety. Suppose we in fact
had two varieties of soybeans: Chemgro and Pioneer. Using the completely randomized
design, it is impossible to know whether any differences in yield were due to the
differences in fertilizer or to the differences in variety.

Perhaps the Chemgro variety naturally has higher yield than Pioneer. If a majority
of the soybean plants randomly assigned to treatment C was Chemgro, we would not
know whether to attribute the different crop yields to the level of fertilizer or to the
plant variety. So, plant variety is a confounding variable. Recall, a confounding variable
exists when the effect of two factors (explanatory variables) on the response variable
cannot be distinguished.

To resolve issues of this type, we introduce a third experimental design.

A randomized block design is used when the experimental units are divided into
homogeneous groups called blocks. Within each block, the experimental units are
randomly assigned to treatments.
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SECTION 1.1  Infroduction to the Practice of Statistics 5

The entire group to be studied is called the population. An individual is a person or
object that is a member of the population being studied. A sample is a subset of the
population that is being studied. See Figure 1.

In the $100 study presented, the population is all the students at the school. Each
student is an individual. The sample is the 50 students selected to participate in the study.

Suppose 39 of the 50 students stated that they would return the money to the owner.
We could present this result by saying that the percent of students in the survey who
would return the money to the owner is 78%. This is an example of a descriptive statistic
because it describes the results of the sample without making any general conclusions
about the population.

A statistic is a numerical summary of a sample. Descriptive statistics consist of
organizing and summarizing data. Descriptive statistics describe data through
numerical summaries, tables, and graphs.

So 78% is a statistic because it is a numerical summary based on a sample. Descriptive
statistics make it easier to get an overview of what the data are telling us.

If we extend the results of our sample to the population, we are performing
inferential statistics.

Inferential statistics uses methods that take a result from a sample, extend it to the
population, and measure the reliability of the result.

The generalization contains uncertainty because a sample cannot tell us everything
about a population. Therefore, inferential statistics includes a level of confidence in
the results. So rather than saying that 78% of all students would return the money, we
might say that we are 95% confident that between 74% and 82% of all students would
return the money. Notice how this inferential statement includes a level of confidence
(measure of reliability) in our results. It also includes a range of values to account for
the variability in our results.

One goal of inferential statistics is to use statistics to estimate parameters.

/A parameter is a numerical summary of a population.

Parameter versus Statistic

ﬁ EXAMPLE 1

® Now Work Problem 7

Suppose 48.2% of all students on your campus own a car. This value represents a
parameter because it is a numerical summary of a population. Suppose a sample of
100 students is obtained, and from this sample we find that 46% own a car. This value
represents a statistic because it is a numerical summary of a sample. .

The methods of statistics follow a process.
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The methods of statistics follow a process.

;"CAUTION!
Many nonscientific studies are
based on convenience samples,

i such as Internet surveys or

i phone-in polls. The results of any

i study performed using this type of
 sampl

The Process of Statistics

§ 1. Identify the research objective. A researcher must determine the question(s) he

; or she wants answered. The question(s) must clearly identify the population
: that is to be studied.

2. Collect the data needed to answer the question(s) posed in (1). Conducting

research on an entire population is often difficult and expensive, so we

typically look at a sample. This step is vital to the statistical process, because

(continued)
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if the data are not collected correctly, the conclusions drawn are meaningless.
Do not overlook the importance of appropriate data collection. We discuss
this step in detail in Sections 1.2 through 1.6.

3. Describe the data. Descriptive statistics allow the researcher to obtain an
overview of the data and can help determine the type of statistical methods the
researcher should use. We discuss this step in detail in Chapters 2 through 4.

4. Perform inference. Apply the appropriate techniques to extend the results
obtained from the sample to the population and report a level of reliability
of the results. We discuss techniques for measuring reliability in Chapters 5
through 8 and inferential techniques in Chapters 9 through 15.

ﬁ @; EXAMPLE 2  The Process of Statistics: Minimum Wage

CBS News and the New York Times conducted a poll September 12-15, 2014, and
asked, “As you may know, the federal minimum wage is currently $7.25 an hour. Do
you favor or oppose raising the minimum wage to $10.10?” The following statistical
process allowed the researchers to conduct their study.

1. Identify the research objective. The researchers wanted to determine the
percentage of adult Americans who favor raising the minimum wage. Therefore,
the population being studied was adult Americans.

2. Collect the data needed to answer the question posed in (1). It is unreasonable to
expect to survey the more than 200 million adult Americans to determine how
they feel about the minimum wage. So the researchers surveyed a sample of 1009
adult Americans. Of those surveyed, 706 stated they favor an increase in the
minimum wage to $10.10 an hour.

3. Describe the data. Of the 1009 individuals in the survey, 70% (= 706/1009) believe
the minimum wage should be raised to $10.10 an hour. This is a descriptive statistic
because it is a numerical summary of the data.

4. Perform inference. CBS News and the New York Times wanted to extend the results
of the survey to all adult Americans. Remember, when generalizing results from a
sample to a population, the results are uncertain. To account for this uncertainty,
researchers reported a 3% margin of error. This means that CBS News and the
New York Times feel fairly certain (in fact, 95% certain) that the percentage of all
adult Americans who favor an increase in the minimum wage to $10.10 an hour is

e Now Work Problem 49 somewhere between 67% (70% — 3%) and 73% (70% + 3%). 0




