CHAPTER 1

PROLOGUE: A CAREER
IN STATISTICS

1.1 ABOUT THIS CHAPTER

We begin this introductory chapter with a brief examination of what is statistics, who
is a statistician, and who employs statisticians. We then comment on the statistical
thought process and what makes it special, the many skills required to be a successful
statistician, and the role of statistics beyond the workplace. We provide “equal time”
to presenting some downsides of a career in statistics and counter this with a brief
summary of the excitement of such a career. We then indicate some alternative paths
for embarking on a career in statistics, comment on ongoing efforts for accreditation,
and review professional societies for statisticians. We conclude the chapter with
a preview of what is to follow.

1.2 WHAT IS STATISTICS?

The rational basis for change is data. Data means statistical methods.
—W. Hunter

Some informal definitions of statistics, provided by various well-known
statisticians, are
¢ The science of learning from (or making sense out of) data (J. Kettenring).

¢ The theory and methods of extracting information from observational data for
solving real-world problems (C.R. Rao).

¢ The science of uncertainty (D.J. Hand).
o The quintessential interdisciplinary science (S. McNulty).
¢ The art of telling a story with data (L. Gaines).
We prefer the preceding over the more formal definitions found online,’ such as

statistics is “the science that deals with the collection, classification, analysis, and
interpretation of numerical facts or data, and that, by use of mathematical theories

! For example, http://dictionary.reference.com/.
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of probability, imposes order and regularity on aggregates of more or less disparate
elements.” And we note that Brown and Kass (2009) devote a 19-page article
(including discussion) to an in-depth examination of “What is Statistics?”

Statistics has applicability in almost all areas of human endeavor. To take just
a few examples:

¢ Economists need to understand statistical concepts to make predictions.

o Psychologists need to be able to interpret empirical relationships between
variables.

» Business executives need to appreciate the role of uncertainty in decision
making.

» Biologists need to understand that the reactions of organisms to stimuli are not
deterministic and that there will be variation among individuals.

¢ Design engineers need to know how to conduct statistically valid experiments
to develop the best possible products.

We also note with interest that in 2010 Britain joined other countries in asking their
statisticians to develop a “happiness index” to be added to their existing national
household survey.

The diversity of applications is further illustrated by the 24 sections of the
American Statistical Association (ASA) as of the end of 2010. These include those
that deal with biopharmaceutical applications, business and economics, defense and
national security, education, environmental applications, epidemiology, government,
health policy, marketing, physical and engineering sciences, quality and productivity,
social statistics, and sports.”

We will defer discussing specifics to the next three chapters, but note that Tanur
etal. (1972) and Peck et al. (2006) provide 15 and 25 (different) articles, respectively,
that demonstrate the use of statistics in a wide variety of application areas.

Some areas of application have taken on lives of their own. Thus, biostatistics is
the application of statistics to the analysis of biological and medical data. Going even
further, actuarial science—the application of mathematical and statistical methods to
assess insurance risk—has become a separate profession.

Statisticians at a particular point in their careers are commonly engaged in one or a
few of these application areas. It is, however, not unusual for individuals to become
involved in an appreciable number of such areas during the course of their careers.

1.3 WHO IS A STATISTICIAN?

Professional statisticians are trained in statistics and actively use statistics and
statistical concepts and thinking in much of their work.

The ASA now has a program of accreditation for its members (Section 1.11) and
such programs exist in various other countries. The ASA accreditation program has

2 Other ASA sections focus on more specialized topics such as Bayesian statistical science, nonparametric
methods, statistical consulting, statistical computing, and statistical graphics.
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high requirements (e.g., 5 years of documented experience in practicing statistics) and
is completely voluntary. We anticipate that there will be many statisticians in the
United States, especially until accreditation becomes popular, who have not been
formally accredited.

Moreover, what constitutes as adequate education in statistics to qualify an
individual to be a statistician is highly job dependent (and somewhat controversial),
although there are some communalities (Section 7.4). Thus, to simplify matters, we
will just assume statisticians to be those who regard themselves as such.

One does not have to be a statistician to use statistics. The use of statistical
methods by nonstatisticians—whom we will refer to as “practitioners”—is at an all-
time high and will likely continue to increase. This places additional responsibilities on
statisticians. We shall return to these topics at various junctures throughout this book.

1.4 WHO EMPLOYS STATISTICIANS?

Data are widely available; what is scarce is the ability to extract wisdom from them.
—Hal Varian (2010)

A simple, and perhaps somewhat exaggerated, answer to the question “who
employs statisticians?” is “essentially all large and some medium-sized, and even
small, organizations.” Somewhat arbitrarily, we categorize employers of statisticians
as follows:

e Business and industry that manufacture products and/or provide services
(Chapter 2).

¢ (Mostly government) agencies engaged in gathering, analyzing, and reporting
official statistics or in related statistical activities (Chapter 3).

¢ Organizations involved in various other application areas, including those
engaged in regulatory activities, health, national defense, other scientific
research, and the social and behavioral sciences. Employers include govern-
ment, research institutes, and universities (Chapter 4).

« Self-employed (typically private statistical consultants). Discussion of these is
postponed to Chapter 12 since this is a role unlikely to be taken by statisticians
early in their careers.

¢ Academia (Chapter 13).
The ASA estimates that its membership is broken down approximately as follows:

¢ 47%: Business, industry, nonprofit (other than government and academia), self-
employed, or other.

o 42%: Academia.

¢ 11%: Government (national, state, provincial, or local).3

3 In considering the preceding numbers, note that not all statisticians in the United States are members of
ASA. The numbers might, for example, overrepresent the proportion of statisticians in academia since
academicians may be more likely to become members of ASA.
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In any case, like other professionals, statisticians work for customers who benefit from
their work. These customers might be direct, such as a client who has commissioned
specific work, or indirect, such as users of the Consumer Price Index or students in a
professor’s class.

1.5 THE STATISTICAL THOUGHT PROCESS AND
WHAT MAKES IT SPECIAL*

1.5.1 The Scientific Method

Almost 500 years ago, during the reign of Queen Elizabeth I, Sir Francis Bacon, an
English philosopher, lawyer, and statesman, addressing the Royal Society, proposed a
new way to gain increased understanding of nature. Instead of drawing conclusions
from their own preconceived notions, religion, or other traditional sources stemming
from Aristotelian thinking, scientists should engage themselves in observation and
experience. He didn’t take the idea much further than that, but others built on it, and, a
few centuries later, it led to the formal development of the scientific method.

Basically, the scientific method calls for starting with a conjecture about the
state of nature, cause and effect relationships, or differences among phenomena (e.g.,
animal typing by physical characteristics, medical treatment differences, or rates of
differently induced chemical reactions). We then make observations, that is, gather
data, in order to confirm or deny that conjecture. This must be done in such a way that
the results are reproducible by others. Thus, we build knowledge about the state of the
universe by confirming or denying conjectures.

All of this may not sound like rocket science today, but at the time it was truly
revolutionary, and the results have been spectacular. The scientific method has, for
example, guided the increase of crop yields to help feed starving populations. It has
led medical researchers to understand the causes of diseases and find cures. And it
has resulted in electrical engineers learning how to produce microchips efficiently in
mass quantities, allowing access to such modern technologies as laptop computers, the
Internet, computer-based controls, and safety mechanisms in planes and automobiles.

The applicability of the scientific method is, moreover, not limited to the hard
sciences, such as chemistry and physics. Our understanding of sociology and
psychology and other social or human sciences has relied on its use as well.
The list of beneficial applications is endless. It seems safe to say that the overwhelm-
ing majority of advances in human civilization have taken place as a consequence of
the application of the scientific method.

1.5.2 Where Statistics Fits In

But what does this have to do with statistics and the way statisticians think?
Put simply, we assert that statisticians, in many ways, might be considered
gatekeepers of the scientific method. There are good reasons for this lofty claim. After

4 This section was written by contributing author Lynne Hare.
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all, a key factor in any scientific endeavor is a concern for obtaining unbiased results
with a wide range of applicability.

In many, or even most, situations, it is impractical or even impossible to
enumerate completely an entire population. Thus, you need to develop precise and
accurate estimates from a well-selected sample. Say, for example, that we want to
characterize the mean weight of salmon in a lake. You can’t get all the salmon in the
lake and weigh them—but you can take an appropriately selected sample and use its
mean weight as an estimate of the mean weight of all salmon in the lake. But to draw
correct conclusions, you must concern yourself with the representativeness (as well as
the size) of the sample. Does it, for instance, include only farmed or only Northern
Pacific salmon? If so, the estimate is clearly biased with regard to determining the
lake’s entire salmon population and applies only to the limited portion of the
population under examination. So, when statisticians are called upon to propose a
sampling study, they ask all sorts of (both) broad and specific questions, which may
perhaps initially seem impertinent, and then use the answers to help develop a plan
that is maximally informative under the circumstances. When the results of the study
become available, statisticians then quantify the uncertainty in the findings and
provide warnings about the generality of the results. And this is where the gatekeeper
status comes in.

Of course, statistics and statistical thinking are more complicated than that.
Many studies are observational, and others involve designed experiments (Sec-
tion 11.2). But because statistics—in light of its reliance on scientific sampling—
is, in a large part, the science of making decisions under uncertainty introduced by
the sampling process, and because sampling applies to almost all intellectual
scientific pursuits, one could assert that statistics is relevant to just about every
discipline.

1.5.3 A Peek into How Statisticians Work

It All Starts with the Theory. Statistics, just as other scientific disciplines, has
theoretical components, many of which have roots in mathematics. Theoretical
statisticians conduct important work in developing new methods, improving on
existing ones, and coming up with novel ways to address applied problems.
Expanding the theory is essential to the health and well-being of the field and requires
strong mathematical skills. Most statisticians receive training in basic statistical
theory and rely on such theory in applications—many of which are not straight-
forward textbook situations—and in understanding the basic assumptions underlying
the methods that they are using (even though they are generally not conducting
research in theoretical statistics).

A Traditional View. Applied statisticians work primarily on using statistics to
address issues in other disciplines, generally at the behest of what we will refer to as
“problem owners.” These may be administrators, economists, engineers, scientists,
social scientists, or others, who are typically leaders or representatives of a larger
project team.
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In the past, problem owners often came to statisticians with a fait accompli; that
is, they had already conducted a study and gathered data, and wanted to know what it
all meant. In response, statisticians typically asked questions about the study
objectives, the data gathering process, the measurement methods, and so on.
This was often followed by the unenviable task of sorting through the data structure,
and then the data themselves, attempting to extract meaningful findings. Sometimes,
this was not possible, resulting in much wasted effort. This unfortunate situation was a
consequence of a frequently held misunderstanding (often furthered by what was
taught in school) of statisticians as merely appliers of a series of tools to evaluate
already collected data—as opposed to being purveyors of the scientific method who
concern themselves with the entire problem and the gathering of the appropriate
information to address it.

A Collaborative Step-by-Step Approach. A much preferred alternative route for
statisticians’ participation—and one that, fortunately, is becoming increasingly
prevalent—is that of collaboration. Effective collaboration takes the form of close
involvement by the statistician with, and as part of, the project team from the
beginning to the end of the project. In this context, the statistician is an advocate,
working to assure unassailable results and aiding in the discovery process.

Contrary to popular opinion, discovery is not a one-time event. Instead, it is an
iterative process progressing from synthesis to analysis to the next synthesis and the
next analysis, and so on, all the while building knowledge and leading to scientific
advances. Project objectives are reviewed and shared initially with all stakeholders,
including the statistician, who then typically proposes sampling, data gathering, or
experimentation strategies. These need to take into consideration such matters as
sources of variation to be overcome and the precision and accuracy of the measure-
ment process—in addition to numerous practical considerations, such as time,
financial, and facility constraints.

Team members then review the statistician’s proposed plan with regard to its
feasibility, ability to meet objectives, expense, and various operational details—based
on their own technical backgrounds and roles in the project. In this manner,
the combined knowledge of the team is thrust at the problem and effectively utilized.
This may lead to the statistician modifying the plan and the conduct of an initial “pilot
study” to test out the recommended approach.

At the end of the study, and often at strategic times during its execution, the
statistician conducts appropriate analyses to extract information from the data. And it
doesn’t end there; the entire team, statistician included, is typically involved in
reporting the results to management in a readily understandable manner, quantifying
benefits, explaining limitations, conducting follow-up investigations, and implement-
ing the findings.

We discuss the need for statisticians to be proactive team members throughout
this book, and especially in Chapters 5 and 9.

Gaining a Common Understanding. Statisticians strive to ensure that there is a
common understanding by all involved—and most importantly by management—of
the problem to be addressed and of objectives and strategies. If there is lack of
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agreement on these, then the team members are likely to be working at cross purposes,
impairing the likelihood of success. So, in the initial discussions, the statistician
strives to ensure that all involved are moving in the same direction. Do we agree on
the project objectives and guidelines, including the time schedule? Do all the
stakeholders see eye to eye? Do we have approval from oversight agencies, if any?

Recognition of Variability. Statisticians, perhaps more than most others, think
about variation and its impact on the findings of the study. They strive to understand
the overall process and especially the sources of variability.

The data gathering needs to be planned so as to apply as broadly as possible to
the population or process of interest, as illustrated by the salmon sampling problem.
Are the data truly representative of the population or process of interest and will all
known relevant sources of variation be taken into account? And, consistent with the
scientific method, can we expect the results to be reproducible?

In short, the statistician seeks to ensure that, despite the underlying variability
and the study limitations, the right amount of the right kind of data will be acquired.
We will return to this important topic in Chapter 11.

Statistical Thinking. The recognition of variability has, in turn, led to the concept of
statistical thinking. In contrast to deterministic thinking, statistical thinking recog-
nizes that

¢ All work occurs in a system of interconnected processes.

e Variation exists in all processes.

» Using data to understand and reduce variation is key to success.

Statistical thinking has especially broad applicability in situations in which
there is an opportunity to reduce variation, rework, and waste and improve quality and
productivity. And, even though our comments have been in terms of industrial
settings, statistical thinking applies to all areas of application of statistics. See Britz
et al. (2000) and Hoerl and Snee (2001) for further discussion.

1.6 MANY SKILLS REQUIRED

Many students are attracted to statistics because they like and are good at mathe-
matics. Mathematical ability—supplemented by sound statistical training—though
certainly a necessary requirement for a successful statistician is far from being a
sufficient one.’

Successful statisticians need to be skilled in many areas. We summarize some of
these briefly in this section and provide further elaboration throughout the book,
especially in Chapters 6 and 7.

> Thus, we have some difficulty with a definition of a statistician that we found online as “a mathematician
who specializes in statistics” (http://www.thefreedictionary.com/statistician).
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1.6.1 Interpersonal Skills

Numerous interpersonal skills, starting with ability to communicate effectively, are
essential for a successful career in statistics.

1.6.2 Knowledge in Related Technical Fields

Statisticians need to be comfortable with computers and computer software. Those
working in business and industrial settings, especially, need to be trained in operations
research/management science/decision theory and be knowledgeable in various
statistics-related methods developed by engineers and computer scientists, such as
artificial intelligence, knowledge discovery in databases and data mining, and neural
networks.

1.6.3 Application Area Knowledge

Statistics does not exist in a vacuum. It is employed in many different areas. To be
credible, statisticians need to be familiar with the application areas in which they are
involved. Having a minor, or even an undergraduate degree, in the field in which you
hope to be employed will provide you an important advantage.® Many statisticians
learn about their chosen application area on the job, but the more prepared they are to
get up to speed rapidly, the better.

1.7 BEYOND THE WORKPLACE

1.7.1 Impact on One’s Thinking

Statistics is more than a career. It is a way of looking at situations that pervade our
daily lives. Statisticians tend to think in terms of probabilities and variation, search
for the data that might support specific contentions, and assess their validity. This is
why some claim that statisticians—perhaps like scientists, engineers, and lawyers—
are more rational (and possibly less emotional) in their lives—or, at least, their
reasoning—than many in other fields.

In assessing the safety of different forms of travel, for example, statisticians
might estimate the probabilities associated with each of the alternatives, such as flying
commercially, driving, taking a bus, or taking a train, based upon available data, and
then tailor the results to their specific situations (such as driving skill and road
conditions).

Training in statistics also gets one to look critically at studies reported in the
media. Many statisticians enjoy leisurely discussions of the potential pitfalls of such
studies with colleagues, friends, neighbors, and family.

6 Alson Look tells the following story, which he attributes to Lloyd Nelson, a one-time Ph.D. chemist who
became a well-known industrial statistician. A junior statistician once came to Lloyd and showed him a
designed experiment that he was proposing. After reviewing the plan, Lloyd urged him not to go forward
withit. “Why not?” the statistician asked. “Because—based on my knowledge of chemistry—it might blow
up the plant,” Lloyd responded—while running in the other direction.
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With an appreciation for statistics, there comes a passion for procuring as much
useful data as possible before making a decision. In purchasing a car, we may avidly—
some might say obsessively—seek data on repair frequency to guide our selection.
Statisticians typically do not salt their meals before tasting them. You are unlikely to
hear a statistician (or a mathematician) say something like “This object is perfectly
round!” If told that a particular community has over 300 days of sunshine yearly, a
statistician might assert that this statement has little meaning without a definition of
exactly how a “day of sunshine” is defined and measured. And only a statistician,
when told that a bird in the hand is better than two in the bush, might respond, perhaps
somewhat facetiously, with “that depends upon the probability that you can capture
the two birds in the bush and your risk function (what, for example, if the proverbial
birds are actually your pair of shoes?).”

1.7.2 Promoting Statistical Literacy

Our society is flooded by statistics and claims based thereon, often by advocates who
may be more interested in making a point than in a valid and fair assessment of the data
upon which their claim is based. A key mistake, for example, is to infer causation from
association (Section 11.5.1).

A responsibility of statisticians is to promote statistical literacy among the
general public. This means, in general, helping others become more aware of the uses
and misuses of statistics, and, in particular, pointing out the fallacies of claims or
studies of questionable validity.

A number of books have pointed the way—even though sometimes in a
somewhat negative manner—following in the steps of the classic How to Lie with
Statistics (Huff, 1954), and with equally intriguing titles including Best (2001, 2004),
Hooke (1983), and Levitt and Dubner (2005, 2009). We report on our experiences in
teaching a short course on statistical literacy targeted at adults in Hahn et al. (2009).

1.8 SOME DOWNSIDES OF A CAREER IN STATISTICS

If it moves, it’s biology; if it stinks, it's chemistry; if it doesn’t work, it's physics;
if it puts you to sleep, it's statistics.

—Anonymous student

There must be some downsides associated with being a professional statistician.
What are they?

Start with the name and the general perception. Let’s face it—the public’s
image of a statistician, though generally improving, is not in the same league as that of
an astronaut, biotechnologist, or physicist. Statisticians are associated with
“statistics”—and statistics are often regarded as boring or deceptive or both. It will
not take long for you to hear the worn quote that Mark Twain attributed to Benjamin
Disraeli that there are “three kinds of lies: lies, damn lies, and statistics,” or the story
about the chap who became a statistician because he did not have the personality to be
an accountant.
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Initial negative impressions are furthered by the often less than exciting
introductory statistics course that many have taken in college. Such courses may
have focused on the mechanics of the calculations or the mathematical theory, at the
expense of demonstrating the broad applicability of statistical concepts. The ASA and
many colleagues are working hard to help make introductory courses more appealing
and to place greater emphasis on statistical concepts and statistical thinking. There has
been important progress in recent years, including the publication of some down-to-
earth introductory texts and the introduction in the United States of the Advanced
Placement (AP) course in statistics for high school students (Section 7.2). As in any
subject, knowledgeable, enthusiastic instructors are essential; see Section 13.7.1 for
further discussion.

Another concern is that, under some organizational structures, statisticians are
viewed as “outsiders.” This can make them vulnerable to budget cuts and undermine
their effectiveness. It is one further reason why we advocate throughout this book that
statisticians strive to become proactive participants and team members in the
activities in which they are involved.

Because the value of statistics is not universally recognized, many statisticians,
especially early in their careers, spend much time marketing themselves and the added
value they provide—often in a “soft sell” mode. This can be unappealing to those who
prefer to focus on their technical work and development.

1.9 THE EXCITEMENT OF A CAREER IN STATISTICS

A degree in statistics is one of the top degrees to have in terms of getting good and
secure jobs. On top of that, it offers many opportunities for a challenging and
rewarding career.

—Sarah Needleman

The downsides of statistics as a profession warranted mention. But the percep-
tion may be changing. Lynne Hare reports “In years past, [ used to get nerd-associations
with statistics. Now I get mostly awe. Wow, you can understand that stuff? And you
make money doing it? “Yup,’ I say. ‘Not many people can do it, the demand is high, and
I can make a bundle.”” This viewpoint (also expressed in the January 2009 Wall Street
Journal article by Sarah Needleman cited at the beginning of this section) has been
reinforced by recent articles in such publications as the New York Times (2009) and the
Washington Post (2009). We have, in fact, found it highly gratifying to note the
increased recognition that statistics has been accorded over the course of our careers.

We remain convinced that for many the negatives of our profession are far
overshadowed by the excitement, opportunities, and challenges. We wake up, at least
most days, eager to face the challenges of our jobs—a key criterion in selecting a
career. Some of the reasons that statistics continues to excite us are

o The diversity of problems in which we become involved. As per our earlier
discussion, statistics deals with just about everything. Or quoting a comment
attributed to the famed statistician John Tukey, “the best thing about being a
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statistician is that you get to play in everyone’s backyard. In an age of
specialization, we might be the remaining scientific generalists.” Most statis-
ticians eventually focus on one or a few application areas, at least for a while—
but even within these there is much diversity.

e The intellectual challenge of the work. Statisticians have been called data
detectives (and, as per Section 1.5.2, gatekeepers of the scientific method).
Problems are rarely clear-cut, and often part of our challenge is to define “the
real problem.” There is ample opportunity to be imaginative.

e The importance to our employer and often to society of what we do.
e The opportunity to interact with a wide variety of interesting people with
different professional and personal backgrounds.

It should be no surprise, therefore, that CareerCast.com rated statistics as #4 in its
2011 best jobs ratings (of 200 jobs).’

1.10  EMBARKING ON A CAREER IN STATISTICS

1.10.1 Some Alternative Paths

Individuals with a variety of backgrounds choose careers in statistics. These range from

people interested in the field from early on and others originally trained in mathematics

seeking an applications oriented career to those whose work has led to an appreciation

of the importance and excitement of statistics and the opportunities it provides.
Here are a few examples:

¢ Eliza enjoyed mathematics in high school. She decided early on to be a
mathematics major in college. However, she did not want to go into teaching
and was always driven by practical problems. Her high school mathematics
teacher suggested she take the AP course in statistics. She became fascinated by
the many areas in which statistics could be applied and decided to minor
in statistics in college. Eventually, she decided that statistics provided the
opportunity to combine her mathematics skills with her interest in real-world
problems. So she enrolled as a Ph.D. student in the subject, specialized in
biostatistics, took added coursework in biology and other sciences, and upon
graduation accepted a job with a pharmaceutical company.

e Juan majored in electrical engineering as an undergraduate. He took an
introductory course in statistics and was fascinated by its many applications.
At the end of his junior year, he took a summer internship in the research and
development division of a semiconductor company. He worked closely with the
division statistician who helped him plan a test program to assess a proposed
new transistor fabrication process and analyze the results. These experiences

7 The top three jobs were software engineer, mathematician, and actuary. The three worst jobs were
roustabout (performs routine physical labor and maintenance on oil rigs and pipelines), ironworker, and
lumberjack. The #4 rating for statistician was an advance over the #8 rating in 2010; the rating in 2009
was #3.
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made him decide to obtain a master’s degree in statistics. Upon graduation, he
returned to the semiconductor company as a statistician.

e Boris held an undergraduate degree in psychology with the career goal of
going into human resources. On his first job with a large company, he became
heavily involved in a study to gain a better understanding of characteristics
of job applicants that could predict on-the-job success. Working with a
statistician, he came to appreciate the statistical intricacies of conducting
such a study and the many ways in which statistics can help organizations to
be successful. He enrolled in a part-time program in statistics at a local
university. This eventually led Boris to a master’s degree in statistics, a
career shift, and a position with a government agency responsible for
conducting statistical surveys.

¢ Leah had a Ph.D. in chemistry; she had taken a couple of statistics courses. Upon
graduation, she took a job with a large brewery. With some guidance from her
former statistics professor, she became engaged in planning and analyzing a
statistically based test to help ensure that a proposed new brew would consistently
meet customer taste criteria. After a while, people began to come to her for help
on statistical problems. Over a period of years, Leah became heavily engaged in
the self-study of statistics and took a few courses at a local college. She started
attending statistical conferences and taking short courses on selected topics, such
as the design of experiments. Eventually, her knowledge matched that of a
master’s degree graduate in statistics. When the company set up a Six Sigma
program, she was chosen to become a technically oriented black belt and was
responsible for teaching the statistics part of the training program to her fellow
employees. Eventually, she was officially designated the company statistician.®

1.10.2 How We Got to be Statisticians

And how did we become statisticians? We hasten to say that neither approach is
suggested as an ideal, or even a recommended, path.

GerryHahn Asanundergraduate, I commuted to the School of Business at the City
College of New York (now Baruch College). I was studying to be an accountant, like
the majority of students there. But my (unofficial) mentor (2 years older than me)
advised me otherwise. “Do something different and more imaginative,” he suggested.
(He became a successful stockbroker). Besides, there was then an oversupply of
accountants; entry job accountants typically earned $55 per week (in 1950). Statis-
ticians were making at least $60!

So I took an introductory course in statistics and found it most interesting.
I decided to major in statistics, and after graduation enrolled in Columbia University’s
School of Business, where I received a master’s degree in statistics.

8 Leah’s career resembled that of the early statistician William Sealy Gossett, who started as a scientist at
the Guinness brewing company, where he derived the statistical ¢-test (and was identified as “Student” in
publishing his work in a scholarly journal).
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An advantage of living in New York City was that, while still going to school,
I'was able to get hands-on experience working in the market research department of an
advertising agency (the now defunct Biow Company). One of my tasks was to help
evaluate the effectiveness of different advertising methods in the then hot emerging
field of television. In one study, we polled a random sample of New Yorkers to assess
the relationship between people’s recollection of advertising messages and their
product use. The results were reported by the New York Times (the only time in my
career that I made the Times).

Shortly thereafter, I was drafted into the U.S. Army (the Korean War ended
while I was in basic training). I was assigned to the Chemical Corps and was
stationed at Dugway Proving Ground in the Utah desert. I became involved in
analyzing field test data to assess the impact of chemical weapons under different
environmental conditions. This experience got me interested in more physically
based applications of statistics. I was also recruited to teach an introductory
statistics course on base.

Returning from duty and still wearing my army uniform (I had made it to the
lofty rank of corporal), I stopped off in Schenectady, NY, to interview at GE. It was
the company’s patriotic duty not to turn me down. So began a 46-year career with the
company! While working at GE, I was able to extend my technical knowledge in
statistics, via a summer stint at Virginia Tech, a master’s degree in mathematics at
Union College, and, finally in 1971, a Ph.D. in operations research and statistics from
Rensselaer Polytechnic Institute.

Looking back, my entrance into statistics was more a fortunate set of circum-
stances than a planned strategy. A significant deficiency, for which I have tried to
compensate with subsequent courses and spare time reading, was my relatively
limited training in the sciences.

P.S. One of my three daughters, despite the bad example set by her father,
received her bachelor’s degree in statistics at the School of Agriculture at Cornell
University, followed by a master’s degree from the School of Public Health at the
University of California in Berkeley. She went to work at the March of Dimes and,
subsequently, the Medical School of the University of California in San Francisco
(UCSF). This provided an entry into the field of epidemiology, in which, after a
number of years of part-time study, she received a Ph.D. degree from Berkeley. As
a faculty member at UCSF, she is currently working on studies of HIV/AIDS
(especially in Africa) and of the homeless.

Necip Doganaksoy 1 did my undergraduate study at the Management Depart-
ment of the Middle East Technical University in Ankara, Turkey, graduating in
1983. As part of a traditionally strong science and engineering school, the
curriculum was heavily loaded with courses on quantitative topics. I was drawn
to these since I liked applied mathematics and also wanted to learn more about
computer applications, which were rapidly being integrated into my courses.
After an introductory course on probability and statistics, I went on to take
elective courses on topics such as econometrics, forecasting, and operations research.
During my senior year, I took a course on statistical quality control that was taught by
a professor who had recently received his Ph.D. in statistics at Union College in
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Schenectady. This course was my first exposure to the industrial applications of
statistics and I found it fascinating.

One feature of the course was the additional reading material handed out by
the instructor. These papers carried titles such as “Coefficient of Determination
Exposed!” and “How Abnormal is Normality?” Compared to the orderly textbooks to
which I had been accustomed, these papers raised some thought-provoking issues
about the applications of statistics. I was destined to meet the author, Gerry Hahn,
a few years later and to become his colleague.

I became increasingly interested in advanced study in statistics. A graduate
degree in statistics would most likely lead me toward an academic career.
Employment at a government agency would have been another possibility, but
between the two, the academic path seemed more appealing to me at the time. In
contrast, opportunities in statistics in the business and industrial sector in Turkey
were limited.

I decided to follow the lead of my professor and apply to Union College for
graduate study. Union College, at the time, had a graduate program in applied
statistics and operations research. One of its major purposes was to serve the large GE
engineering and scientific community in Schenectady. In addition to its own small
full-time faculty, statisticians from (what is now) the GE Global Research Center were
actively involved with the program, teaching courses and guiding graduate students.
This program provided a nice balance between applications and theory, and suited
me well.

My first 2 years at Union were very intense and led to a master’s degree.
In addition to the regular coursework, I undertook an aggressive study program to
further my background in mathematics. As a consequence of my association with the
adjunct faculty, I also became interested in industrial and engineering applications of
statistics. While working on my dissertation, I started an internship with the GE
Statistics Program. I became a full-time member of the group in 1990 after finishing
my Ph.D. Given GE’s diverse business interests, I wanted to have the opportunity to
work on a wide array of projects and benefit from the experienced statisticians in the
group. This required me to abandon, at least for the time being (20+ years and still
counting), my plans to go into academia.

P.S. One is never too young to get started. My two young sons are already being
presented with play situations to develop their statistical thinking skills, even though
their true passions are space travel and driving a school bus. We will update their
progress in future editions of this book.

1.10.3 Some Further Insights

In an article in Amstat News® (2009a), five statisticians (four of whom are in
academia) respond to a variety of challenging questions starting with “what or who
inspired you to be a statistician?”” Amstat News and the ASA’s Statisticians in the
News web site'® periodically feature articles on the careers of successful statisticians.

9 The membership magazine of ASA (Section 14.4.1).

19 http://www.amstat.org/about/statisticiansinthenews.cfm.
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For example, see Bruce and Bose (2010). The story of Jim Goodnight—one
statistician who made it big—is portrayed in Sidebar 1.1.

SIDEBAR ¥,

A GOOD ROLE MODEL

Jim Goodnight, a Fellow of ASA, holds a Ph.D. degree in statistics from North Carolina
State University and was a faculty member there from 1972 to 1976. In 1976, he cofounded
the SAS Institute, with fellow statistician John Sall and others, to analyze agricultural
research data. Today, SAS is a world-renowned software giant, with over 10,000 employees
and $2.3 billion in revenues in 2009. The company culture has received much acclaim and
made various “Best Places to Work™ lists. Goodnight was #33 on the Forbes Magazine list of
the 400 richest Americans in 2009 and has become renowned for his philanthropy.

Once in statistics, there are again different paths to success. We discuss some
of these in Section 12.4.

1.11 ACCREDITATION

Unlike some other professions, including actuarial science, there was no formal
program of accreditation or certification of statisticians in the United States for many
years. In 2009-2010, however, the ASA Board of Directors endorsed a program of
individual accreditation for its members and for testing procedures for its imple-
mentation; see Amstat News (2009b) and Johnston (2010).

The general criteria for accreditation'" include

¢ An advanced degree in statistics or a related quantitative field with sufficient
concentration in statistics.

o At least 5 years of documented experience in the practice of statistics.

« Evidence that the applicant’s work as an applied statistician is of high quality,

¢ Effective communication skills.

e Adherence to the ASA’s “Ethical Guidelines for Statistical Practice” (Section
10.4).

¢ An ongoing record of professional growth.
o At least two supporting letters from persons of substantial stature who have

firsthand knowledge of the work and skills of the applicant.

Once granted, accreditation is for 5 years, after which it may be renewed.

In announcing this program, (then) ASA President Sally Morton emphasized
that it is voluntary, and not the same as certification, which, in other professions, may
be required before one can practice and which may require taking an exam.

' http://www.amstat.org/accreditation/index.cfm.
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Other countries that offer accreditation programs through their statistical

societies include Australia, Canada (Gibbs and Reid, 2009), and the United Kingdom
(Lee, 2008).

1.12 PROFESSIONAL SOCIETIES

There are numerous professional societies worldwide that provide guidance to
aspiring statisticians and opportunities to stay abreast, grow professionally, and
network with others throughout their careers.

The mainstream organization of professional statisticians in the United States is
the approximately 18,000-member American Statistical Association. There is also a
much smaller (about 3000-member) Institute of Mathematical Statistics (IMS), made
up principally of academicians.

Many other countries have their own statistical associations, such as the Royal
Statistical Society (of the United Kingdom), the New Zealand Statistical Association,
the Swedish Statistical Association, and the Statistical Society of Canada. There are
also regional organizations for statisticians, such as the European Network of
Business and Industrial Statisticians. The International Statistical Institute (ISI) is
a global organization, founded in 1885, with 2000 elected members from more than
133 countries “who are internationally recognized as the definitive leaders in the field
of statistics.” Election to membership is based on an individual’s professional
achievements. In addition, there are many more statisticians that are involved in ISI
through its seven sections. ISI activities, such as its World Statistics Congress and
other meetings, are open to all.

Statisticians, especially in business and industry, might also be active in closely
related organizations, such as the American Society for Quality and its Statistics
Division,'? the Institute for Operations Research and the Management Sciences, and
the Decision Sciences Institute, or more specialized groups such as the International
Biometrics Society.

Others might belong to the mainline organization in their fields of application,
such as the American Association for Public Opinion Research, the American
Chemical Society, the American Economics Association, the American Educational
Research Association, the Institute of Electrical and Electronics Engineers, and the
Society for Clinical Trials.

We discuss some ways in which statisticians avail themselves of professional
societies and their offerings in Sections 14.4 and 14.5.

1.13 A PREVIEW

Is a career in statistics right for you? If so, what can you expect, how can you be best
prepared, and what are some things you need to know to succeed? Our goal is to help
you answer these questions.

12 hitp://www.asgstatdiv.org/.
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We have organized the book into three major parts, plus this introductory
chapter and two supplementary chapters (Part IV). The three parts deal with

o Part I: The Work of a Statistician.
o Part II: Preparing for a Successful Career in Statistics.

o Part III: Building a Successful Career as a Statistician.

In Part I, we describe what statisticians do in business and industry (Chapter 2), in
gathering, analyzing, and reporting official government statistics (Chapter 3), and in a
variety of other application areas (Chapter 4). We then comment on the general
environment in which statisticians work and the challenges that they face on the job
(Chapter 5).

We begin Part II with a discussion of the essential personal traits of a successful
statistician (Chapter 6). We then describe the technical knowledge that aspiring
statisticians need to acquire in their education (Chapter 7) and suggest strategies for
getting the right job (Chapter 8).

In Part III, we provide guidance on how to succeed on the job. We propose on-
the-job strategies dealing with project initiation and execution (Chapter 9) and
consider communication, publicizing, and ethical considerations (Chapter 10). The
statistician’s all-important, and frequently underappreciated, role in getting good data
is then presented (Chapter 11). We conclude this part of the book by describing
alternative career paths for statisticians (Chapter 12).

Our major focus in the preceding chapters is on a career in applied statistics.'?
Many of our comments also apply to statisticians in academia. Academia, however,
also has some distinct characteristics of its own. In the first chapter of Part IV
(Chapter 13), we describe these characteristics and extend our discussion from the
earlier chapters to the academic world.

In the final chapter (Chapter 14), we stress the importance of maintaining
momentum through lifelong learning and indicate some ways statisticians continue to
stay abreast and move ahead.

1.14 FURTHER READING

The Amstat News provides a wealth of further information on a monthly basis. This
includes the results of periodic salary surveys, such as those for business, industry, and
government statisticians by Dias et al. (2009) and for statisticians in academia by
Crank (2010a, 2011). The publication’s Member Spotlight series is also of strong
interest to aspiring statisticians.

Various other publications and web sites—including that of the ASA—provide
further information (Section 14.2).

'3 In this book, we use the term “applied statistics™ to refer to work conducted by statisticians outside of
academia and refer to those who do the work as “applied statisticians.” We recognize, however, that
much work conducted in academia is applied and that many in academia consider themselves to be
applied statisticians.
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1.15 MAJOR TAKEAWAYS

Statistics has been broadly defined as “the science of learning from data.” It has
applicability in almost all fields of human endeavor.

Professional statisticians are trained in statistics and actively use statistics and
statistical concepts and thinking in much of their work.

The chief employers of statisticians are business and industry; government
and other agencies engaged in gathering, analyzing, and reporting official
statistics; and academia. Organizations involved in various other under-
takings, such as social science research, also employ statisticians. Other
statisticians are self-employed, typically working as private statistical
consultants.

Statisticians can, in many ways, be considered as gatekeepers of the scientific
method. When feasible, they develop studies, often based on sampling or
experimentation that are maximally informative. When the data become
available, they analyze the results, quantify the associated uncertainty, and
provide appropriate warnings about the generality of the findings.

Applied statisticians work primarily at the behest of problem owners and are
most effective when involved from the outset as team members in a collab-
orative step-by-step approach to addressing problems, beginning with gaining a
common problem understanding.

Statisticians focus on the impact of variability in all phases of a study. This has
motivated the concepts that are part of statistical thinking.

Successful statisticians need much more than mathematical ability and statis-
tical training. They require important nontechnical skills, knowledge in related
technical fields, and familiarity with their areas of application.

Statistics is more than a career. It is a way of looking at situations that pervade
our daily lives. Also, statisticians strive to promote statistical literacy among the
general public.

Statistics has traditionally not been as well recognized as some other profes-
sions and has been negatively impacted by less than exciting introductory
courses. This might require statisticians to engage in appreciable “soft selling”
to overcome.

However, for the right person, the preceding downsides of a career in
statistics are far overshadowed by the excitement, opportunities, and chal-
lenges of such a career. These include the diversity of problems, the
intellectual challenges, the importance of the work, and the chance to interact
closely with others.

Many roads can lead to a career in statistics. Some initially set out to study
statistics, perhaps spurred on by an interest in applying their mathematical
training and skills. Others are led to statistics by witnessing its importance,
excitement, and opportunities.
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The American Statistical Association has embarked on a program of individual
voluntary accreditation for its members. Similar programs exist in some other
countries.

There are numerous professional societies worldwide that provide guidance to

aspiring statisticians and opportunities to stay abreast, grow professionally, and
network with others throughout their careers.

DISCUSSION QUESTIONS

(* indicates that question does not require any past statistical training)

1.

10.

Statistics has been defined as “the science of learning from data.” What are
some of the data with which citizens are confronted daily? How are such data
typically obtained and analyzed?

. In the example(s) that you provided in response to the preceding question,

what were some deficiencies in the data gathering and analysis and how might
these be overcome?

. What are some of the issues that statisticians who are asked to develop a

national happiness index need to address?

. When did you/will you regard yourself to be a professional statistician?

Explain.

. Give examples of statistical practitioners that you have encountered and their

work. Comment on how they benefited (or might have benefited) in their work
from guidance by a professional statistician.

. *Provide some examples of how statistics has been used to further the

scientific method.

. *Cite some problems in which you have been involved, or of which you are

aware, that were addressed by an iterative approach, and describe that
approach.

. Statisticians focus on variability. Measurement error is an important source

of variability in many applications. What is meant by measurement error?
How can it be assessed and controlled in a particular application?

. We assert that “initial negative impressions are furthered by the often less than

exciting introductory statistics course that many have taken in college.” What
have been your and your friends’ experiences in this regard? How can the
introductory course be made more appealing?

Research and comment on the methodology used by CareerCast.com in its
ratings of best (and worst) jobs. What are some issues that might be raised
about this methodology? Does the methodology provide any clues of
why statistics dropped from #3 in 2009 to #8 in 2010 and then back up to
#4in 20117
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11. *Consider the career paths of Eliza, Juan, Boris, Leah, Gerry, and Necip. What
are the pros and cons of each of these paths? Which of the paths, or
modifications thereof, do you feel most comfortable with?

12. *Check out and report on the current status of the American Statistical
Association’s accreditation efforts.

13. *Which professional society(ies) do you belong to or might you consider
joining in the future? What specific benefits do these provide to students and,
subsequently, statistics professionals?



