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Statistics allows us to quantify uncertainty, and, as a consequence, to express
the likelihood of future happenings probabilistically — and, when possible, act to
impact such outcomes favorably. This typically involves the gathering of appropri-
ate data and their proper analysis.

1.3 AREAS OF APPLICATION

Statisticians are employed in academia, business and industry, government, and by
social and research agencies. Statistics is, in fact, used in almost all fields of human
endeavor, ranging from actuarial science to zoology. At the time of this writing, the
ASA Internet site lists 45 application areas. And we recently learned of one more
with the publication of a book on statistics in musicology (see Beran 2003).

So on what kinds of problems do applied statisticians work?

1.3.1 Automobile Gasoline Consumption

An automobile manufacturer wishes to compare the gasoline consumption of one of
its models against that of competitors. The results are to be used as the basis of a
possible advertising claim. Samples of different model cars are to be test-driven to
obtain a statistically valid comparison. How many cars of each model need to be
evaluated? How should these be selected? Under what conditions should they be
driven? For how long? Who should do the driving? How can one factor in variability
in gasoline? How are the resulting data to be analyzed? And how should an advertis-
ing claim be worded so that it is both clear to the audience at which it is directed and
valid? And more fundamentally, what is the impact of fuel economy on customer
purchasing behavior and satisfaction? Statistical concepts and methods, often as part
of a multidisciplinary effort, help answer such questions and many more.

This example suggests a common thread in addressing problems statistically:
define the question of interest, obtain appropriate data, analyze the data, and then
help make decisions from the findings.

1.3.2 Some Other Examples

Peck, Casella, Cobb, Hoerl, Nolan, Starbuck, and Stern (2005) aim to show a general
audience “how statistics can provide an organized way of learning from data and
how the ensuing knowledge can be used to address important, social, environmental
and economic problems.” Table 1.1 shows the topics of the 25 essays in this
volume.

Also, Peck, Haugh, and Goodman (1998) provide case studies from 20 differ-
ent application areas, including biology/environment, medical and health care, phar-
maceutical, marketing and survey research, and manufacturing.

Chanceand Stats two ASA magazines, give further examples. And the 2,000
or so papers presented at the yearly national Joint Statistical Meetings, listed on
ASA’s Internet site, provide both examples of current hot topics and overwhelming
evidence of the rich diversity of subjects addressed by statistics.
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This assertion needed to be tested scientifically. So an experiment was to be conducted,
at a carefully selected site to evaluate the claim. This involved playing recordings of
mating calls and jet engine noise to groups of birds and observing their behavior. Our job
was to help plan an experiment that would yield statistically valid results and to analyze
the resulting data. It demonstrated that birds are no fools; they are smart enough to dif-
ferentiate jet engines from mating calls.

Which Brand Food Do Dogs Prefer?

We have been engaged in various consumer preference studies. One dealt with determin-
ing preferences among dogs between different brands of food products. The results were
to be used to substantiate a proposed advertising claim. Dogs were offered food from the
competing brands by selecting from among various bowls placed in front of them over a
period of time. The amount of food consumed from each bowl was subsequently measured.
We were asked to assess the statistical validity of the experiment used to make this com-
parison and of the analysis of the resulting data.

Combating Barnacles

Ships and submarines that spend time in harbors are susceptible to marine growth in the
form of barnacles, mussels, algae, and other tiny organisms on their hulls. These limit the
vessel’s maneuverability and speed. Constant plugging up of water inlets by invading
organisms is a particular challenge for nuclear-powered vessels. Various coatings to inhibit
permanent attachment of marine organisms to submarines had been developed. We were
asked to plan a test to compare the effectiveness of alternative coatings and analyze the
results. This involved submerging specimens with different types of coating in water and
allowing marine growth to occur. The primary measured response was the force required
to remove the organisms from the specimens.

1.3.3 Examples from Business and Industry

Statistics, as applied to products and services, is not an end in itself, but
exists principally to illuminate the way to progress in other fields that
require the proper handling of uncertainty.

—Antonio Possolo

As a prologue to the discussion in subsequent chapters, we present a few examples
of how business and industry use statistics:

» Pharmaceutical companies request the appropriate regulating agency to license
anew drug — based upon a statistical analysis of the results of carefully planned
studies of the drug’s performance in treating a specified condition and of its
side effects. The request also specifies what type of patients should (and should
not) take the drug, how frequently, and at what dosages.

* Providers of consumer credit use statistical models to decide whether or not
to approve new loan requests (and establish maximum allowable credit limits)
to provide the best possible balance between business gained from authorizing
loans and losses suffered due to payment default. Such models are developed
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SIDEBAR 1.2: CONTROLLED VERSUS OBSERVATIONAL STUDIES

Controlled studies typically involve a random selection of sample units from a specified
“frame”' and a random assignment of these units to different “treatments.” Controlled
studies are highly desirable in many situations, especially when the goal is to establish
cause-and-effect relationships. They presumably eliminate bias due to self-selection (by
subjects selecting a preferred treatment) and “confounding” variables (discussed shortly).
The statistical design of experiments is one form of controlled study that has gained much
popularity (Section 2.2.7) in business and industry.

In many applications, it is, however, inappropriate, or even unethical, to conduct a
controlled study. Obvious examples are assessing the effect on health of cigarette smoking
or of alcohol abuse, or the impact of alternative forms of punishment of past crimes on
the incidence of future crimes. In such cases, we are often restricted to conducting an
observational study.

An observational study, in contrast to a controlled study, involves the analysis of exist-
ing or new data that are typically obtained on some process whose major purpose is not
that of providing data for analysis or decision making. Instead of randomizing, we have
little or no say in how the treatments or exposures are allocated. It is, therefore, often
difficult to draw definitive conclusions about cause-and-effect relationships and conclu-
sions based on such studies must be carefully scrutinized. Yet such studies, when carefully
planned and conducted, can still provide useful insights and suggest areas for further
exploration.

The Framingham Heart Study is one of the best-known observational studies. Starting
in 1948, some 5,000 volunteers from Framingham, a Boston, Massachusetts suburb, were
monitored for decades through periodic physical examinations, blood tests, and in-depth
interviews about their lifestyles. This study provided the first important clues into the
effects of a person’s diet, exercise, and smoking on cardiovascular health. Some of these
associations were subsequently supported by further investigations (see Levy and Brink
2005). The overall study is continuing and now includes some of the original volunteers’
children and grandchildren.

For further discussion contrasting these two types of studies, see Flanagan-Hyde
(2006), Katz (2006, Chapter 1), and Utts (2005, Chapter 5).

It is not feasible to conduct a controlled study in the “marriage
improves longevity” example. So we try, by statistical analyses of data on married
and unmarried individuals, to adjust for ‘“confounding” variables that also
impact longevity and that may well be correlated with marital status, such as an
individual’s health or wealth. Adjusting for these variables is usually better
than ignoring them, but it is unlikely to provide an unambiguous answer to the
question posed. This is because it is usually not possible to identify, measure, and
appropriately adjust for all confounding variables — and we don’t know whether we
have.

Campbell (1998), Gelman and Nolan (2002), Gigerenzer (2002), and Spirer,
Spirer, and Jaffe (1998) use general interest examples, such as breast cancer

1. A sampling frame is a list or map or other means of identifying and accessing members or sampling
units of the target population.
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could spend with mom. On the way back, he took the subway. This way he reduced the
chances of missing the train home. Statistically speaking, he minimized the average time
of the trip on the way down and reduced variability (so as to reduce the chances of missing
the train) on the way back.

Also, we find it puzzling to have online weather forecasting software tell us that
the probability of rain some timeon a future day is 50%, and then have the same
software assert that the probability of rain for eachof 8 hours during that day is also
50%.

An appreciation of statistics also creates a passion for procuring as much
relevant data as possible beforemaking a decision. In purchasing a car, we avidly
seek data on repair frequency to help us select a model. Or in deciding whether or
not to see a movie, we not only seek out the opinions of others who have seen the
movie, but also decide how much weight to give to each such assessment — based
upon how well the assessor’s past judgments correlate with our own.

1.5 BETTER DECISIONS REQUIRE BETTER DATA

The value of statistics in industry lies in its ability to influence decision
making on a strategic level.
—Lynne Hare

Frequently, the ultimate goal in using statistics is to help make informed, and thereby
better, decisions in the face of uncertainty. This involves procuring appropriate data
and converting such data into useful information with the help of well-selected
statistical and/or graphical methods.

Having “appropriate data” is key to the process. Such data are generally not
just sitting there for us to analyze, but must be obtained, often by well-targeted and
carefully planned investigations, Thus, helping ensure good data is a highly impor-
tant (and not often fully appreciated) part of our job and is often more important
than the statistical analysis itself. A study with good data can, after all, frequently
be well analyzed by simple graphical methods. But the world’s most sophisticated
statistical analysis is unlikely to save a flawed investigation.

Frequently, a series of iterations is required before there is enough information
to make a decision. After defining the problem, the available data are evaluated to
determine what relevant information may be gleaned therefrom. This often leads to
the need for gathering more and better data, which in turn are then analyzed. The
process may be repeated as part of what Box, Hunter and Hunter (2005) call an
“iterative learning process.”

1.6 STATISTICAL THINKING

In contrast to deterministic thinking, statistical thinking recognizes the importance
of variability. Its basic concepts are:
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e All work occurs in a system of interconnected processes.
* Variation exists in all processes.
» Using data to understand and reduce variation is key to success.

Statistical thinking has broad applicability in situations where there is an opportunity
to reduce variation, rework and waste, and for improving quality and productivity.
Therefore, a disciplined and databased approach toward identifying the root causes
of variability is required. At the higher levels of an organization, this involves clearly
communicating the vision and the strategy, adapting a disciplined project manage-
ment and review system, and taking process variation into consideration in setting
goals.

The key ideas of statistical thinking were developed under the sponsorship
of the Statistics Division of the American Society for Quality (ASQ) (see Britz,
Emerling, Hare, Hoerl, Janis and Shade 2000). Also, Hoerl and Snee (2001) provide
further information and examples of business process improvement based on statis-
tical thinking. We illustrate this concept in various places and especially in discuss-
ing business processes (Section 12.3.9). And we note that, although statistical
thinking was developed principally for business and industry applications, it has
much more general applicability.

1.7 RELATED DISCIPLINES

1.7.1 Statistics and Mathematics

The Relationship Statistical methods are derived from mathematical theory;
probability theory, in particular, is deeply rooted in mathematics.

At the same time, however, statistics — and especially applied statistics — is
much more than a branch of mathematics. Like physics, which has much of its
foundation in mathematics, statistics is a discipline of its own. There is much within
the realm of statistics that has little to do with mathematics. The planning of studies
to get good data and graphical data analysis are two examples.

So How Much Mathematics Do | Need? Practitioners may have little or no
training in the theory underlying the tools that they are using. This may not be a seri-
ous problem for users of packaged software — as long as they are fully aware of the
assumptions underlying these methods (generally a consequence of the theory) and
know when to call for expert guidance.

Applied statisticians, in contrast, are likely to be working on more complex
problems and frequently need to adapt a particular method to fit the problem and
data at hand. This cannot be done without an intimate understanding of the
theoretical foundations of statistics. Applied statisticians need to have, as a minimum,
the basic knowledge provided by a one-year introductory course in mathematical
statistics.*

4. Statisticians, mostly in academia, who are developing new methods, need to know additional theory.
This, in turn, may require added course work in mathematics.
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