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On the Use of Sampling in Management and
Research

By W. Epwarps Deming ®

Purpose of this paper. The purpose here is to bring to the attention
of experts in law, traffic, management, administration, and research,
some neglected points coneerning the way in which statistical methods
are being used in many fields. The ultimate aim is to loosen up some
of the roadblocks that seem to stand in the way of proper use of modern
statistical technigues in studies of traffic and in research on costs.

The purpose is not to tell anvone what business or research problems
are important to him, nor to declare that sampling eould solve them
all. Only a quack doetor has all the ecures. Neither iz the purpose
to describe statistical technigues.

What the reader will get, if the purpose of the paper is in any way
fulfilled, is something more important than a bit of technieal knowledge.
He will instead learn something about the uses of sampling, and some-
thing about his own responsibilities in a statistical study.

Parenthetically, I wish that it were possible to communicate to the
non-statistieian, in a few minutes, the fundamental principles of the
techniques of sampling, but I discovered long ago by trial and error and
observation that most ‘such attempts turn out to be misleading and
fruitless, The plain fact is that sampling is a combination of science
and art, and probably one of man’s most difficult endeavors, not only
for the knowledge of mathematical theory that is necessary, but for the
arduous internship required for professional practice.

There is no simple way to teach or to learn any of the techniques
of sampling. A little knowledge about them ecan be dangerouns. It is
Fortunately not necessary for the lawyer or exeeutive to understand
the technigues, except superficially, 8z I shall explain later.

It is far more important for the lawyer or executive to learn the
nature of statistical information, and how he could make better use
of sampling, than it is for him to try to master technigues,

If T may speak in parables, any attempt to learn the technigues
of sumpling, without proper background and effort, is doomed to be
about as successful as an attempt to study medicine by walking into
the prescription department of an ethical pharmacy, pointing to some
compound, and then to another, and expecting a doctor of medicine
to explain that he uses this compound for gout, this other one for
tonsilitis, and mixes the next two for severe headache, ete, Medicine
just isn't that simple. Neither is sampling.

* Dr, Deming, a Consultant in Statistical Surveys in Washington, is a graduate
of The University of Wyoming (B.5), The University of Colorado (M.5) and
Yale University (PhD.), and was awarded an LL.D. (honoris causa) by the
University of Wyoming in 1958. He is the author of Statistrcal Adjustment of Data,
1943, and other books and brochures on statistical technigues and research, and has
worked extensively with industry in this country and abroad,
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There are a number of excellent books on modern statistieal methods,
andd the person who wishes to read further, with a look at the teehnical
details, will find them to be informative. The appendix will show
a few authoritative titles.

The most interesting articles in any science are written by people
that know little about it. Sampling is no exception. Unfortunately,
no lustre of narration ner of personality ean atone for teaching
errors instead of truth. It is of course permissible for a professional
man in medicine, law, statisties, or physies, for example, to write on
eooking, marriaze, religion, musie, polities, or whatever entertainment
takes his fancy outside his own specialization where neither he nor
anyone else will take him seriously.

But when a professional man writes an article in his own field,
he is accountable for what he says. What he writes will exhibit the care
with which he protects his profession.

What is sampling? Sampling, in the hands of a statistician, means
optimum allocation of human skills and machines to provide and inter-
pret statistical information of demonstrable reliability and with speed,
as aid to administration, management, and researeh. The clief tool
of the statistician is the theory of probability. The statistician is inter-
ested in helping people to solve problems. The expert in subject-matter
{law, traffic, management, industry) generates the problem: the statis-
tician helps him to solve it.

Through use of the theory of probability, combined with adapta-
tion, the statistician strikes an economie balance hetween (a) the enst
of aequiring too much information, or more precision or more detail
than is necessary, and (b) the losses that arise from insufficient informa-
tion, or from insufficient precision.

Sampling is not a quick and dirty way of getting some figures.
Sampling of freight billa, for example, in statistical practice, is not
the processing of a bateh of bills pulled out of the files in some non-
deseript manner, in the hope that they will vield some helpful informa-
tion, nor is it the investigation of costs on a few loading platforms,
selected by judgment, in the hope of learning something about the
eosts of running a business.

Sampling is not a part-time job. The plain fact is that sampling
is difficult; at least it is to the statistician,

Sampling is a precision-tool. It is worth reflecting on the fact that
most concepts can be defined only in terms of statistical thecry, One
might try, for example, to define round, square, precision, aceuracy,
uniformity, reliability, without statistical eoncepts and techniques: it
is impossible, Thus, suppose that one decides that he wishes his hilling
department te achieve aeccuracy of 97 percent in the classification of
commodity. How would he determine whether his clerks have achieved
this aceuracy? Still more diffienlt, how would he determine whether
it is feasible to attempt to achieve this gecuracy ! And what is the
meaning of the term, ‘97 percent accurate?’  Statistieal theory
provides answers,
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Sampling is a cooperative work, A fundamental rule for success-
ful statistical practice is first for the statistician to know his business,
whieh means that he must keep himself reasonably well informed of
new fheory and practice. Second, he must work only with elients
that know their end of the business. Sampling is # joint venture be.
tween (a) the client (expert in traffic, management, engineering,
medicine, ete.) and (h) the statistician. Management eannot abdicate
its responsibility and look to the statistician to seek possible reasoms
why a business is losing money, nor possible reasons that might explain
why eertain other lines of gouds or serviees would be more profitable.
To think of possible causes is management’s job. To investigate and
evaluate the possible effects of various causes sugrested by management
is the statistician's job,

The actual decisions to make on the basis of the information
supplied by a statistical system (as, for example, decisions on how to
use the results of a continuous study of traffie in adjustment of rates)
also belong to management; they are not statistieal,

It iz costly for management to dabble in sampling and to get
wrong figures that lead one into costly decisions. The day is past when
& lawyer or an executive ean be satisfied with grab-samples, It is not
difficult to imagine the possible magnitudes of error that Jurk in esti-
mates of diversions of traffie, and estimates of profits and losses for the
vear, caleulated on a grabsample collected during some week in
February or March or August. We have all seen samples of bills,
or pages of aetivities of delivery routes, covering a few days, multiplied
by & certain factor to pet the equivalent of a week, then multiplied
by 4 to get the so-ealled ‘‘average month,’' and multiplied again by
12 or 13 to get a year’s traffic, and a year's profits and losses.

It would be more difficult to explain why results so obtained are
wrong than it would be to discover reasons why they eounld possibly ever
be anywhere near right, The worst thing ahout them is that we can
never know, not even afterward, how far wrong the results are.

I onee heard of a sample (statisticians would call it a chunk) pre-

seribed by an engineering firm that had been engaged to assist a railway
eompany in a merger. The plan called for processing “'every 10th
abstraet™ for a given year. A little reflection would raise a lot of
questions. In the first place, why would one look to an engineering
firm for a sampling procedure? Why not o to a dentist? Second,
what exactly is every 10th abstract? With a little care, one eould
process every 10th abstraet and get almost any results that he is
looking for. In the third place, why a 10 percent sample! Where
were the ealeulations that showed that a sample of such size wonld be
adequate ?
_ In contrast, a probability sample delivers results whose precision
s not a matter of opinion, but is caleulated by mathematical formulas
that depend on the theory of probability, and which make use of the
results themselves in the calenlations,

The financial hazards from wrong information are far greater than
the hazards of informed guesses. The great Charles Darwin said that
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it is far better to proeeed on & wrong theory than with wrong data. One
discovers right away when his theory is wrong, but he may never
know, until it is too late, that his data were wrong.

“Qur problems are different.””  Most everyone knows about the
impact that sampling and other statistical theory and techniques have
made in industrial production, agrieultural produection, government
statistical series, consumer research, and in other ways, as mentioned
in the next section. The great success of statistical methods in the
enbancement of quality and dependability of a manufactured produet
during the past 15 years, especially in Japan, are heralded in the papers
almost daily.

Good examples of uses of zampling are also found in studies of
traffic. For example, certain airlines settle their interline accounts
by sampling. Some of them estimate their monthly income in advance
by sampling. One could also mention delightful examples of sampling
in studies of traffie in rate eases of railways; and in studies of diversion,
The 1 percent study of waybills, conducted now 20 years by the Inter-
state Commerre Commission is well known, Statistical -methods could
be equally helpful in the day-to-day operations of motor, rail, and
air-carriers,

Reluetanee and timidity on the part of an executive to move into
& statistieal system that would improve operations in his company, and
whiech would provide current information on shipments by mileage-
bracket, by rate-basis, and better information on costs, are certainly
understandable. Ewven inertia is understandable. We may forgive such
excuses, but it is more diffienlt to forget them, as exeuses do not pay the
losses ineurred. To the extent that reluctance and timidity have their
roots in ignorance about the nature of statistical methods, and how
they are nsed in other lines of husiness, an executive may overcome
them most successfully, T believe, by giving up the idea of mastering
technigues, and concentrating on the responsibilities that belong to him
alome.

It is a mistake, I believe, for a lawyer or an executive to assume
that he must understand a procedure pretty thoreughly before he ean
use it. People learn to drive automobiles without any edueation in
thermodynamies or in eleetromagnetie theory, We all use the telephone,
vet not one person in 4000 is able to write down the differential equations
for the transmission of & signal under perfect conditions, and still fewer
people have any understanding of the statistical nature of the theory
of information that governs the transmission and unscrambling of a
signal under actual conditions, complicated as they are with static and
interference.

So it is with statistieal methods: one may give up the idea of
understanding the technigues, except in & superficial way, yet have
the benefit of them.

A common remark on a suceess siory concerning statistical methods
in some other area is this: “*Well, T understand perfectly well how
sampling worked so well over there, but our preblems are differsnt.’’
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A more enliphtened attitude is to say: "'Well, I don't understand just
how sampling can help us, but we can’t afford not to find out,'

A frequent inquiry put to statisticians is how industry ean make
better use of statistical methods, in view of the severe shortege of com-
petent theoretical statisticians. The answer is not simple, but I will
suggest, as a long-range proposition, that companies and trade organiza-
tions should urge statistically inelined employees to go to school to
complete their master’s or doctor’s degrees in statistieal theory at some
statistieal teaching center, or at least to take specialized courses in or
out of hours at nearby universities,

A further suggestion, short range if not long range as well, is to
iry to acquire the services of a competent consulting statistician to
guide the statistical work within the company. This is especially effective
in & company that has on its payroll one or more statisticians who are
studying modern statistical methods, and are in & position to learn
under the guidance of & master.

Some everyday uses of sampling. One of the most important uses of
sampling in administration and in industry is to determine the so-called
capability of the process. In manufacturing, this means the ultimate
precision of uniformity in dimensions, eolor, hardness, or other quality
characteristics. In administrative work it means the ultimate reason-
able degree of accuraey that one may hope to achieve in computing
charges, in transeription, punching, and other operations. In other
types of business it might mean the minimum feasible variation in
performance of drivers, trucks, and other equipment. Knowledge of
the capability of a process has saved more than one company from
entering into a contract to produce precision, uniformity, or guantity
that they cannot deliver. Capability of a process can be defined and
measured only by statistical methods.

Somae examples of applications of theory of sampling

Studies of traffic (rail, motor, air, automobile) for current informa-

tion for management

Studies of cost, and detection of costs that are out of line. {Merely

being below average or above average is not necessarily out of
line: a statistical test is necessary.)

Improvement of performance of men and of machine

Statistical tools for supervision

Finding optimum operating conditions, and optimum patterns of

service. Best use of equipment and of manpower, Results:
(a) improved performance; (b) reduced costs

Greater output and better quality from the same raw materials,

and same machinery

Hastening development of product

Detecting errors in aceounting records

Determining the capability of a process or system (see text above)

Government statistical series (current reports on the labor foree

index of prices, weekly and monthly sales at wholesale and at
retail )
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Studies of expenditures of families

Studics of sickness and time lost

Survevs in sociological and demographie studies, and in population
research

Tests of drogs; bio-assay

(‘onsumer tesearch

Retrieval of information; theory of exploration

Supplementation of complete censuses, Results: (a) broader scope
at reduced cost; (b) greater accuracy; (¢) greater speed

Setting specifications of materials, Specifications have no meaning
except in terms of tests dictated by statistical prineiples

Ascertainment of inventory on hand. Evaluation of inventory
in process. Evaluation of plant. Evaluation of buildings

Standardization and refinement of tests and measurements

Managerial accounting: (a) optimum level of inventory for maxi-
mum profit; (b) optimum investment in equipment; (¢} opti-
mum amount of overtime; (d) optimum allocation of resources

Solution of complex mathematical caleulations (for example, the
so-called Monte Carlo method, used with the aid of electronic
computers for caleulations by which to prediet and improve
performanee of complex eguipment; problems in space tra-
jectories)

Theory for the transmission of information in the presence of noise

The reader may little suspect that these diverse applications are
covered by one body of theory. Transferability of statistical theory makes
it useful over & range of seemingly disjointed and unrelated fields of
application. The material and the aims vary from one problem to an-
other, but not the basie theory.

The reason for the wide applicability of statistical theory lies in
the fact that the symbols and mathematieal equations that appear in
it don’t care what the field of application be—traffie, sales, manufac-
turing, mediecine, agricultural production,

Statistical theory has contributed heavily to new coneepts in man-
agement. The theory and methods for reaching minimum loss (maxi-
mum profit) by rational choice of alternatives, and of continually
improving operating conditions, came from people skilled in the theory
of probabilitv—not; be it noted, from businessmen, nor from economists,
nor from people that teach and write books on business administration.

Few businessmen know, when they read in a newspaper or magazine
that unemployment decreased two-tenths of one percent last month, that
this firure comes from a miniature monthly censuz of 30,000 households,
carried out by the Bureau of the Census by methods that people come
from all over the world to learn about. The sampling methods are so
accurate, and so economieal, that the user of the data may eoncentrate
on the definitions of unemployment, and on the meaning of the results,
and not worry about the methods of sampling that are used.

As an example of the statistician’s contribution to the design of
experiments, ] may ecite the case of an analytic chemist who wishes to
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weigh 7 samples, The faet is that by proper statistical design, the
chemist may achieve in 8 weighings the precision that he would other-
wise get by 4 weighings on each sample. In other words, statistieal
desizn. applied in advanee, has a leverage of four-fold, in this example.
The statistician has a name for such applications: he calls them facforial
designs.

Factorial designs might be applicable to studies of the cost of
different kinds of handling and transport of materials. It mizht be
possible, for example, by analogy, to lay out several simultaneous studies
of different kinds of handling (different types, sizes, or handling of
containers, for example), and obtain with a few observations the pquiva-
lent of a much larger number of experiments conducted in the usual
way on one variable at a time.

A factorial experiment would furthermore measure interactions
between types of handling and size of container. Sueh interactions
might well be very important. They are entirely missing in the usual
simple experiment,

I may cite an example in a study of adjustment of workers of
different mentality to their jobs. Statistical techniques, in the hands
of a competent theorist, multiplied the allotted research funds by a
factor of 3: the budget of $75,000 for the study was made to do the
equivalent of $225,000 under procedures originally intended.

As another example, some theory that I myself worked out just today
to evaluate the probability of becoming schizophrenic at some specific
age is immediately applicable to improvement of the reliability of
complex apparatos.

It is an obvious conelusion, it would seem, that anyone who would
attempt to conduct studies of costs without benefit of continuous com-
petent statistical advice might easily waste a high proportion of his
research funds.

A rough idea of sampling for a continuing study of traffic. One
could describe at this point a rough but possible idea for a statistical
system that would depend-on regular samples of freight bills, for the
general purpose of providing continuous informdtion on traffie, costs,
eircuity, and other charaeteristics, by various ecategories of weight,
mileage, revenue, rate-basis, commodity-group, terminal area, ete., on
which to formulate a rational basis for rates, and for correlation with
other costs. 'We shall suppose that members of a rate bureau have prob-
lems in rates and in shrinking profit-margins. The head of the rate
burean has some idea concerning the kind of information that may help
his bureau to form a rational business-poliey.

The first step would be for him to specify what car s would
supply his needs for information, under the suppoesition that w. ad un-
limited funds, and the eager cooperation of every earrier on the list;
and that he could, if necessary, process a 1009 sample of the freight
bills of all these carriers. His list of carriers might be, for example,
the 80 or 90 carriers whose revenue, under the rates published by the
rate bureau, amount to $500,000 or more per year. He must then decide
the type of information that he requires from the sample of freight
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bills. so that the statistician may have some idea concerning the precision
required in the final tabulations,

Note that, so far, the steps in solving this sampling problem hawve
been wholly the responsibility of the rate burean. .

The function of the statistician has so far been only the passive
one of (a) patiently explaining to the head of the rate bureau the uses
and limitations of the data that might come out of the study; (b) the
advautages and disadvantages of extending the list of carriers to a
lower level of revenue, say of $400,000 per year, or of contracting it
to $300,000; (e) ealling attention to the possibility of requiring on
each freight bill in the sample some items of information in addition
to the information that is regularly on its face {for example, rate
basis on interline shipments); (d) inquiring into the possible effects
of nonsampling errors, such as wrong classification of commodity, wrong
rate, wrong charges, wrong division of revenue; (e) weighing the cost
of correction against unrefined data: (f} pointing out how difficult
items of information may be collected on only small subsamples of the
main sample (actual miles, for example),

Though it is a passive role that the statistician plays in assisting the
expert in subject-matter to state his problem, it is here that the statisti-
cian makes his most important contribution—namely, in formulating
the problem in statistieal terms, so that the statistical information to be
derived from the study may be helpful on the problem.

The decision on the actual type of sampling procedure may oceupy
the statistician many weeks, and may require field-trials and experiments
to reach a stage of smooth operation. The foundation of a good study
is nevertheless ecareful recognition and formulation of the problem, the
nltimate respounsibility for which belongs to management. No statistical
sampling plan, however elever, can putfank a hasty start, such as the
wrong initial list of carriers, or inept choice of the information to tabu-
late. This is why it is much more important for the lawyer or executive
to understand and discharge his own responsibility in & statistical
study, and to leave the techniques of sampling to the statistician. The
purpose of this paper may perhaps now be elear.

Every sampling procedure is different, but at the risk of being
misquoted, T will give an example here of a type of plan that
might be suitable for the rate bureau confronted with the problems
of a rational rate structure, as outlined above. Thus, the sampling
plan might involve (say) the top 20 carriers on the list of ecarriers,
plus 1 in 4 of the remaining 60 or 70 earriers, Each of the 20 largest
carriers would supply a continuous sample of freight bills, which might
consist of 1 random truckload (10,000 pounds billed weight) in every 40,
with a progressively lighter proportion of shipments of lesser weight.
The smaller earriers would follow a similar but heavier sampling plan
for the selection of freight bills, and these carriers might rotate—in
the sample a vesr, out three years. Selection of the smaller carriers,
and of all freight bills, would be made by random numbers (one of the
most important tools of modern seience), to permit use of the theory of
probability in assessing the precision of the results.
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Cooperation of all the earriers selectéd by the statistician to take
part in the study is vital.

It is well to note further that the above rough deseription of a
sampling plan is only one possibility. Circumstances might dictate
other approaches. No two statisticians would design precisely the same
procedure.  Yet two plans, designed by two statisticians, would hoth
be valid: they would give valid estimates of any of the information
required, along with valid standard errors which measure the statistical
precision of the results.

It is the job of the consulting statistician to evaluate the statistical
reliability of the results when they are ready and to state, in simple
terms, what the results mean, It is then the responsibility of manage-
ment to put the results into action.

It is important to note that the cumulative uncertainty that arises
from use of a proper sampling procedure diminishes month by month.

A sampling procedure is not mere selection. The technical portion
of & sampling plan consists of 8 parts. The statistician acts as architect
in laying out the plans, and preseribing responsibilities, M denotes
responsibility of management (or of the expert in subject-matter), 3
denotes responsibility of the statistician,

1. Statement of the preblem in statistical terms, and decision
on the type of information to elicit. (M, 8). Example: to acquire cur-
rent information from freight bills on traffic, number of shipments and
revenue by broad commoedity-group, by rate-seale, by mileage-bracket,
by weight-bracket, for intercity movement. This sounds simple, but a
host of questions arise and must be resolved. In the first place, which
carriers are we talking about! What is intercity traffic! What abeout
assessorial charges? Will you need separate figures for them, by type
of charge? What iz a shipment? A shipment is ome thing in the ac-
counting records, and something else in the traffic department. Whose
definition shall we use?

2, The procedure for the selection of the sample. Example: (&)
the selection of carriers (some fized, some to rotate) from the list sup-
plied by the head of the rate bureau; (b) the selection of freight bills
from the files of these carriers. (8)

3. Procedure for calenlating estimates of the characteristics de-
sired. Ezxamples: number of shipments in mileage-brackets, within
weight-brackets, by rate-scale, commodity-group, terminal area, ete. (5}

4. Procedures for laying out the results in a form that will permit
pasy calenlation of the uncertainty in any figure attributable to samp-
ling and to small aceidental variations in transeription, editing, coding,
punching. (8]

5. Procedures for ecarrying out certain controls, to detect de-
partures from the sampling procedure, and to detect differences in
definition, (8, M)

6. FEvaluation of the statistical reliability of the results. How
aceurate are they? (8)

7. A continuous program for the evaluation and reduetion of non-
sampling errors, such as reduction of incorrect rates to'some acceptably
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low level; likewise for wrong commodity, wrong mileage, errors in
transeription, and the like. A natural result will be continual im.
provement of precision and reduction of costs. (8, M)

8, Put the results to use, (M)

Three kinds of statisticians: There are (1) mathematical statis-
tieians, (2) theoretical statisticians, (3) practical statisticians. The
mathematieal statistician engages himself in extension of man's knowl-
edge through new mathematical theory. It is his work that circum-
seribes the boundaries of knowledge, providing a foundation for more
efficient collection and use of statistical information in the future, and
for lung-range improvement of industrial processes, and of complex
equipment, military and eivilian. His interest is mathematical. His
work is not glamorous, and he receives little recognition outside a close
group of specialists,
 Becond, there is the theoretical statistician. A consulting statis.
tician is a theoretical statistician because he is able to apply the power of
theory to his work: he guides his work with the aid of the theory of
probability. The theoretical statistician is interested in helping experts
in traffic, marketing, medicine, engineering, production, chemistry,
agriculture, ete, to solve problems. A theoretical statistician has
mastered enough theory of statisties to use it safely in sampling, design
of experiments and in a variety of related work, He develops new
theory for almost every problem, and engages the help of a2 mathematieal
statistician when necessary.

Third, there is the praetical statistieian, deseribed years ago by the
great Thomas Henry Huxley who said, *“ The practical man practices the
errors of his forefathers.” This kind of practical man can be a real
hazard in any field.

Some common misconceptions about sampling. Some of the folklore
in lay circles about sampling needs correction. The following points
might well constitute a syllabus for examination in courses in statisties
in schools of business administration,

1. One-day studies of traffic, 1-week studies, or even 1l-month
studies, are samples. Wrong. They are, instead, what the statistician
calls chunks, harboring unknown biases. The statistician takes the
point of view that data of unknowable reliability are a hazard, not
worthy of being called statistical,

2. One can offset poor preparation in management |failure to
think through the problems), and can offset a biased sampling procedure,
by inereasing the size of the sample. Wrong,

3. Precision depends on size of sample. Wrong. The procedure
of stratification, the choice of sampling unit, the formulas preseribed for
the estimates, are more important, Once these features are fixed, then
increase in size of sample may yield gain in precision (though the point
of diminishing returns comes rapidly). AIll the freight bills for a day, or
for even a week, contain far less information than the same size sample
spread over the year by a continuous statistical plan.

4. Judgment and expert knowledge of the subject matter (e. g,
law, traffic rates, costs, ete.) are not useful. Wrong. This type of
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knowledge is vital, as I have explained earlier. However, judgment and
knowledge of the subject matter will not alone produce an acceptable
sampling procedure, nor serve as a basis for judging the margin of
error in a statistical study.

5. The substantive-expert can delegate to the statistician the
responsibility of specifying the kind of information that he needs, the
questionnaire, the method of eliciting the information, the segregation
of rare and important items, and the forms for the tables that will
display the result. Wrong. It is the substantive-expert, not the
statistician, who must testify to the usefulness and meaning of
the results. The statistician only testifies to their range of validity,
and to the proper method of inference.

6. The size of the universe determines the size of sample. Wrong.
The number of freight bills that aceumulate in & year is of no practical
importance in deciding on the size of sample for a particular job. Given
the procedures for selection, and for the computation of estimates, it is
the absolute size of the sample (5000, 10,000), not its proportion to the
whole, which determines the precision of the result. Thus, the size of
sample preseribed for a universe of 100,000 aceounts might be identical
with the size for a universe of 100,000,000. 1 often preseribe the size
of sample and its procedure before the company has furnished me with
the figures for the size of the universe whence the sample will come.
Thus, for two different cases of proposed mergers of railways, I speci-
fied the stratification and the size of sample for each as about 15,000
interline abstracts, before I knew how many abstracts were in the filea
of the two companies.

7. A sampling expert is a man who has enjoyed a run of sueccessful
selections by judgment. Wrong. He is a survey-expert, whose aim is
service to busziness and to research, and whose distinguishing tool is
use of the theory of probability,

8, The reliability of a statistical sample is & matter of luck. Wrong.
Quality is built in. The margin of uncertainty of a result to he
obtained by a proper sampling plan, carefully executed, is predictable
pretty accurately in advance, and is caleulable definitely and objectively
afterward from the results of the sample,

9. Statistical precision of results obtained by modern sampling
procedures is a matter of opinion and expert judgment. Wrong., Sta-
tistical precision is ealeulable as & mathematical consequence.

10. Errors of sampling are dangerous. Wrong, if vou are talking
about probability sampling. TUnder guidance of a competent theorist,
the margin of uncertainty due to sampling and from small accidental
errors is governed in advance, and in any case is calculable afterward,
and hence known, not as a matter of opinion, but as mathematical caley-
lations.

11.  Errors of sampling are the only risks, Wrong. Most of the
errors in statistical studies are not errors of sampling, but arise from
failure of management or of the expert in the subject-matter (lawyer,
traffic-expert, accountant, engineer, chemist, economist) to formulate
questions suitable to the solution of the problem, or to specify ways
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in whieh to procure the informatien, or in failure to provide a suitable
frame {(list). Moreover, errors in deseription of commodity, errors in
charees, and in division of revenue, can be more serious than sampling,
unless earefully and expertly held to a low level by skilful use of
statistical aids to supervision.

12. The theory of sampling and the standard error of a result do
not apply to studies that involve subjective measurements and opinions
on each account (e. g., liability to diversion). Wrong. Sampling
applies as well to subjective measures and to opinions as it does to
studies where the measurements are quantitative (weight, revenue, miles,
time).

13. Electronic machines, able to store and retrieve information on
every shipment, with great speed, eliminate the need of sampling.
Wrong. This faneiful hope turns out in practice to be but a pleasant
dream, Unfortunately, the chief qualification of huge masses of data is
too often sheer bulk and expense, failing to shed light on important
problems at hand, either because the information needed was not re-
corded on the tape at all, or is too inaccurate to he useful. It is well to
remember that the inherent accuracy in the original responses or records,
as edited and coded, is the limitation to the accuraey that a machine
can turn out.

Another point is that machine-time, where people keep records of
costs, turns out to be expensive. Even where the information on a tape
is aceurate enough to be usable, it is often advisable to carry out tabu-
lations on the basis of & sample, to conserve machine-time for work
that is more productive than mass tabulation, Many of the tables
published by the Census are in fact produced by sampling tapes that
contain full information for every person in the country and household
information for a sample of 1 household in every 4.

14, You can take a look at a sample of freight bills (or at a
sample of earriers) and decide whether the selection constitutes a good
sample, Wrong. Stratification, the procedure of selection {invariably
with random numbers), the formulas for the caleulation of estimates and
of their standard errors. making use of results of the sample itself,
along with statistical controls, are some of the necessary ingredients of
the statistical part of a sampling procedure. Obviously. one eannot
look at any one part and make a statement about the whole procedure.
One must examine the entire plan.

15. Comparison of a sample of traffic with figures derived from
the acecounting department constitutes validation of the sample. Wrong.
There are many reasons why a sample or an accurate 100 percent tabu-
lation of all the freight bills in the files will not agree with the acount-
ing records. For example, the number of intercity shipments, and
the revenue derived therefrom, have one definition in the files of
delivery receipts, and another definition in the aceounting department
Moreover, the accounting department may show aundited figures, wherear
the files of freight bills may be unaudited. Billed weight and actual
weight are frequently confused.
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16. A complete study (100 pereent of all bills, or of all carriers,
or of all platforms, ete.} is more reliable than a sample. Wrong., There
are three kinds of uncertainties in data. Type 1 arises from lack of
information in the records, or lack of knowledge on how to procure the
information desired. Type Il comes from operational ‘blemishes in
carrying out a study, or from errors and omissions in the original records,
such as recording the wrong commodity, computing the wrong rate,
errors of transeription and of punching. Type III comes from the use
of sampling and from small accidental errors. Unless great care is
taken, errors of Type Il may assume embarrassing proportions in a
large study. They do not diminish with the size of sample, but will
instead actually increase, unless the job is skilfully supervised. On the
other hand, uncertainty from sampling {Type III) ean be reduced to
any desired margin by proper design of sample (though of course the
more precision one demands, the more expensive will be the sample
Tequired ).

In any case, as stated earlier, in a continuous study the cumulative
uncertainty from sampling will diminish with time, whereas the other
types of uneertainty (wrong rates, wrong entries, ete.) become more
and more obvious,

This is not to say that all large studies are full of errors. Some
huge operations, such as our own decennial Census of Population, or the
five.year Census of Agriculture, are carried out with great skill, with
accuracy evaluated by proper statistical controls.

17. This company punches a eard and earries out a complete tabu-
lation of all shipments. We don't need sampling, Wrong, Use of data for
discovery of relationships and causes of change in pattern in any class of
traffic requires the same statistical tests for a complete study as for a
sample.  Put another way, cumplete studies are samples of what the
underlying causes can and do produce, and can be studied safely only
by use of the theory of sampling.

Moreover, as just mentioned, too often the information needed for
an analytic study was not punched into the cards, and can only be
obtained by going back to a proper sample of the original records.

18, All probability sampling procedures are alike. Partly right,
partly wrong. No two statisticians will design exactly the same plan.
The results of their two samples will agree, however, within ealeulable
himits, provided the definitions are applied equally in the two studies,
and provided the workmanship is of the same quality in hoth.

Ineidentally, one cannot expect two complete studies to agree.
Careful examination will almost always detect differences in definitions,
different rules, and varying levels of aceuracy in processing.

Appendix: Titles of a Few Books

A. C. Rosander: Elementary Principles of Statistics (Van Nostrand,
1951)

W. Allen Wallis and Harry V. Roberts: Statistics (Macmillan, 1956)

R. C. Sprowls: Elementary Statisties (MeGraw-Hill, 1955)
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E. Kurnow, G. J, Glasser, and F. Ottman: Statistics for Business
Deeisions (Irwin, 1959)

L. H. C. Tippeti: Statisties (Oxford, 1944)

L. H, C. Tippett: The Methods of Statisties (Wiley, 1952)

L. H. C. Tippett : Technological Applieations of Statistics {Wiley, 1950)

W. Edwards Deming: Sample Design in Business Research (Wiley,
1960) ; chapters 1-5

Norbert Lloyd Enrick: Case Studies in Management Statisties (Holt,
Rinehart, and Winston, 1962)



