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The title of this article might well be +On an important limitation to the use
of data from censusess, or +On an important limitation to the use of data of any
kinds. The central theme of the authors is built around (i) the distinetion between
data and the uses of data; (i) the distinction between a standard error of a result
phtained by sampling, and the risk of making o wrong forecast.

The primary purpose of conducting any survev, samplo or complete census,
or the purpose of carrying ount any experiment, is to provide more knowledge
of the past—knowledgo that will help to provide a basis for rational action in
the future. Action is based on o prediction of some kind, For example, 8 man
plants potatoes because he predicts that they will bring a higher price than an
alternative crop that he might grow. A certain amount of moneyv is appropriated
for some phase of a school programme and the amount is based on a prediction
that a certain number of children will be ina particular sge-group next vear or
five years hence.

Data coneerning the people of a country—how many, where and how they
live, their distributions by age and other personal characteristies, their education,
their employment, their housing, their prodection both sgricultural and non-
agricultural, their incomes, their purchases, businesses, transportation, inventories,
prices paid and received for varions commodities, the conditiom of their crops, and
a hast of other types of information are today considered te be vital to Intelligent
administration of government and business. Current and indispenzible information
on essential aspects of our economy iz obtained todoy with speed, relinbility, and
efficiency undreamed of a few years ago, owing to advanecing statistical methodo-
Togy, particularly in sampling, mechanical tecliniques, interviewing, and the cons.
truction of questionnaires. Two examples are furnished by the Monthly Report on
the Labor Force in the United States, and by the Quarterly Report in Canada.
These reports supply periodic information on charneteristics of the labor foree,
the employed, the imemployed, and of people not in the labor foree. The data in
both cases are obtained from gamples of only about 25 000 households, and the
figures are ready for administrative use soon after the date to which tho survey
applics. Other examples could be drawn from many parts of the world.

It is o mistake to confuse the relisbility of such data with the reliability of
forecasts purporting to predict what the volume of unemployment will be six months
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hence, or how many people will purchago refrizerators, or what the yield of wheat
will be, or what the price of butter will be:

A survey is regarded as important only when the uses of the data are impor-
tant. When a wrong decision will endanger the health or property or incomes of
people; or rob them of any other values, a survey that will assist a rational decision
assures importance, Its results make headlines. A monthly collection of prices of
foodstufts is important, for example, when these prices form the basis for intelligent
resolution of important problems in production, distribution, wage-adjustments, or
something elge.

Becanse of this elose relationship between the importance of data and the
importance of a decizion that iz to be based on the data, too often the standard
ervor of a result obtained by sampling has been confused with the standard error
of a forecast that is based, partially at least, on thiz result, Good forecasting and
good luck in forecasting have sometimes wrongly been attributed entively to good
datn, i, e., good sampling. Bad forecasting and bad luck in forecasting have similarly
gometimes been wrongly attributed entirely to poor data, i. e, poor sampling.
It is damaging to quantitative studies of seience to permit this confusion to be
perpetuatecd.

The data obtrined from a survey may be relisble, and the results may be useful
for the problem which the survey was expected to resolve, wet a decision based
on the data may turn out to he unfortunate. One cannot see beyond the horizon,
and if a deeision based on e survey turns oub to be nnfortunate, the survey, however
efficient and relisble, has, in & sense, failed, becanss its purpose has failed. It is
therefore extremely important that the design of the questionnaire, the timing,
and the preeision of the results of a survey be tied closely to the needs of the fore.
casts that will be made and which will affect decisions:

A forecast is an attempt to paint o picture of the future, A sample of the past
may be of great help, or it may not. Much depends on the msterial regarding which
the forceast is made. Human beings and the weather present certain problems;
pliysical materials present obthers: The sutvess of o forecast may be expected to depend
not enly on the typs of material coneerning which the forecast i made, but also
on the length of time eovered, and on the assumptions respecting continuing re.
lationships or changed in relationships, the method of forecasting, and the aceuracy
of the data on which the forecast is based. Serviously inacourate data may be the
primary cause of a poor forecast, Obviously, however, the existence of reliable data
doce not: ensure a reliable forecast: the reliability of the sample is only one of several
factors affecting the success of the forecast,

When we deal with marbles the problems of forecasting assume simplicity.
A large random sample of marbles drawn from a bowl containing black and white
marbles énables us to make pretty accurate predictions concerning the pereentages
of Black marbles that will appear i future random drawings, Our prediction is
good for all time in the future: it does not depend on the weather or whether some-
one changes his mind,

Recent advanees in statistical methodology have recrived widespread accept-
ance and respect from specinlists in subject matter and even from the public, Tt is
a fact, though, that somo of this aceeptance and respect is uncritical. The results
of & gample are too often aceepted for more than they really are. It is as important
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now to reach ‘an wnderstanding concerning the distinction between the reliability
of o set of data and the relinbility of o forecast based on these dats, as it was im-
portant a few vears ago to spread knowledge of the faet that sampling is no looger
guessswork but a seience that had reached maturity.

In the hands of a specialist, sampling today can be depended on to yield, within
calenlable limits, the same results sz o complete census wonld have yielded if it
hail been taken at the same time, with the same definitions, same questionnaire,
same interviewers, given the same training, supervision and ineentives, and all
elze held constant as well. The difficulties that are apparently encountered in trying
to carry oulb these stipulations are avoided in the interpretation of ssmpling ervor,
given further on.

In probability sampling the chief results of a sample ars accompanied by o
measure of precision known as the standard error of sampling. Tt may be well to
pause and see just what a standard crror of snmpling of (e, g.) 2 percent means,
A survey has been carried out with the aim of ascertaining how many homes in
& cevtain ares are mortgaged, and the result is stated as 75 360 (1 £ 0.02), the (.02
being the standard error of sampling. The interpretation is this ': (a) if o complete
cenmsus of a population wern taken; and (b} if a moderately large probability
sample of people, households, farms, business cstablishments, manufactured artieles,
pr other units covered in the consus were independently designated afterwards
faz by sampling the cards punched from a census); and (e} if tabulations were
carried out separately for the complete coverage, and the sample; and (d} if the
procedure of independently designating & probability sample and then identifying
it in the cemsus and tahulating it were repented again and again, then close to
85 percent of the sample ranges X 4+ 28, would overlap a particular result of
the complete coverage, and more than 99 percent of the ranges X + 38, would
do so. The symbol X denotes an estimate made from o sample, and S, denotes an
estimate of the standard error of X, Both X and 8, vary from one sample to another.

Thus the standard ervor 8, provides a measure of the range of sampling ervor,
It measures the range of error of the sample estimates that arizes both from the
particular kind and size of sample that is used, and the particular formula of
estimation that is followed, By taking a large enough probability sample S, van
be made sz small as desired.

There have been many instances when a sample has been selected subsequently
from the units (peopls, households, farms, business establishments, manufactured
articles) concerning which information was obtained by a complete coverage, Chne
example was the | ; 1000 sample of the schedules from the census of Japan in 1921,
which was selected and tabulated after the earthquake of 1923 had removed hope
of a complete tabulation. Another is the Y.sample hy which the census of India
of 19041 was tabulated (intended to be a 1:350 sample). Countless tabulations of
samples of card-files provide more examples in which the sample was not designatad
prior to the collection of the results whence the sample was dreawn, There have

1 The authors are swnre of the fact thot this interpretation s only one of many woyd of
saying the-same thing: alsp that smns of our conditions gre sufficient but not necessary. The
interprototion given heea s thought toobe sdequste and simple. Tlere it s sssumed that X ia
an ostimate. of the total or average value of some characteristin of the finite population tht
in samplad,
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been numerous instances in which o probability sample has been designated and
earried through prior to and independently of a census operation. and the sample
units later identified in the consus and estimates prepared therefrom. Thus, the
interpretation given by the anthors may be subjected to experimental test, as
it has been many times,

‘omsequently when we carry out a probability sample sccording to the rules
required. by theory, and prepare therefrom an estimate X, we are entitled to assert
with 05 percent probability that the vange X + 28 wonld cover the result of a
complete census earried out ot thesame date as the ssmple, with the same question-
naire, same interviewers, same supervision, and all else equal.

It should be borne in mind that complete censuses are not always ideal. Complete
coverage 18 difficult to aveomplish, and there are a host of nonsampling errors present
in all snrvays, sample and complete. Only one example need be cited to illustrate
the point. The 1940 census of population in the United States incladed a question
asking whether each porson was employed in emergency (relief) work, the aim being
to learn something about the characteristics of people =0 employed. In this case,
the census was not the only source of information concerning the total number
of people on the payrolls of emergeney work. This number was known from the
secounting records, and the census was found to be deficient by approximately
25 percent, The 1 : 20 sample was likewise deficient by approximately 25 pereent,

Thus, even in the colléction of ¢factuals information, it will often appear that
the results collected by two different methods, in two different surveys, both being
adequately large samples, will differ significantly even though we have attempted
to make the conditions cssentially the same. It will often be true, also, that an
patiimale mede from o sample survey and & complete covernge, when the two are
carried out under supposedly the same conditions, will give results that differ by
maore than the sampling error even when the sampling has been carried out precisely
im accordance with the probability design. Conditions can never be exactly dupli-
cated from ong survey to another, and this is why the authors prefer to inkerpret
sampling errors in the manner explained above.

Tt is a faot, moreover, horne out in experionce, that sometimes when a probahility
sample of houscholds or other units is designated as a portion of a complete coverage,
and eovered simultaneously with the complete eoverage, estimates made from the
sample show differences when compared with the complete coverage. Usnally these
differences are very small. Even when small, they are sometimes nevertheless woll
beyond the bounds of sampling erver. Bometimes they are uncomfortably large
Differences may arise either because of o sampling biss, or because of differences
in response that arize from a differential or preferential treatment of the households
in the simple,

One example will be cited. Tn the census of population in the United States
in 1940, pertain lines on the schedules on which the names of the population were
written were designated as sample limes by roling them in heavy black lines, Thus
1 person in 20, on the average, was in the sample. This sample broadened the scope
of the census, as additional information was recorded for every name in the sample.
As o matter of fuct, this sample provided the basis for tubulating at low cost many
of the results that ecould have been tabulated from the complete coverage. On
comparing the results it was found that negligibly small but definitely identifiable
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differences appearsd between the sample and the complete coverago. These dif-
ferences may be attributed both to small biases in the method of sample selection
and to differentinl treatment of the people in the sample.

Sometimes such differential treatment refleets a more careful job on the sample
than on the complete coverage, Sometimes it reflects less careful treatment. At
other times it-simply reflects an interaction between the main survey and additional
questions asked only in the sampling units, A sample survey may be carried ouf
~ with a relatively small number of skilled interviewers, who, with proper training
and supervision, should produce results of higher quality than could be expected
from o complete census, Tn fact, no one would think of carrying out a detailed in-
veatigation of family or farm expenditures in a large population except by o sample,
Leaving aside considerations of cost ani speed, & complete coverage on such subjects
wonld be tremendously expensive, difficult to control, and conzequently subject
b0 exeessive amonunts of human errors of reporting, nonresponse, ineomplete coverage,
ote, However, these statemonts are not meant to imply that every sample survey
is carried out earefnlly: it is dong so only by effort and proper circumstances.

The distinetion between probability sampling and judgment sampling should
perhaps be made olear here. A probability sample may be adjusted by its size so
that the results will agree as closely as desired with the results of a complete coverage
taken under the same conditions. Moreover, the actual range of sampling error can
he caleulated after the results are in, und it can he intérpreted with confidence.
With judzment sampling, however, there is no certainty that the rosults will ap-
proach the census valnes with increasing size of sample, and there i no objective
wav of calenlating any ranges of error. Ranges of error can only be conjectured
on the basis of expert judgmient. Experience indicates that often such judzments
are good, but that sometimes the best judzments turn out to be bad, Probability
sampling reduces the errors arising from sampling to a question of muthematies
vather than of judgment. In probability sampling, expert judgment is indeed used
but it is nsed in those stages where it can be most effective, ¢. g, in deciding the
most efficient and practicable sampling units, the probable effectiveness of any
proposed method of trying to trim nonresponse. It is to be noted, though, that in
probability sampling, judgment is not used to select the sampling units that are
to bo interviewed or tested,

In summary, in spite of all the methodological advances that have been made
in sampling, a-sample survey can at best only give a picture of the past, not of the
future, I the survey is well designed and carvefully carried out, it is an accurate
picture of the past—i. e, accurate enough for the purpose intended. Its precision
will be caleulable from the returns: and the possible effects of alternative question-
naires and methods of interviewing may be studied by means of auxiliary samples,
Nevertheless, a sample survey is not a picture of the future, but enly of the past.

To cite an example !, the three prineipal polling organizations in the United
States missed the election last November. In the mind of many people, this failure
was a failure of sampling. Even had the best methods of sampling been used, it
should be recognized that no sample could do any more than reflect, as of a particular
date, what proportion of the adult population had certain stated attitudes, had

U The authors tse this sxemple, not to be oritioal of polling organizations, but boennss
the example, although rovent, hne been well publiciced,
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behaved in specified ways in earlier clections, ete. A forecast, on the other hand,
makes a statement about the net effect of people’s actions on some future date.
In our present state of knowledge about people, no sumple—not even a complete
coverage—can do this with certainty. Nevertheless, pood samples can help, With
advancing knowledge of psychology and of questioning and interviewing, and with
advancing knowledge about the reasons why people change their minds, samples
will be of much greater help in making accurate forecasts in the future than in
the past.

Reésumeé
Sur une importante limitation de la méthode des zondages

Leg relevéa statiatiques ont pour but de détermingr les caractires des masses statiatigues.
Lo sondage est wn mode particulier de selové, qui consiste & ehoivie i hasard un eertain nombiry
d'unités au sein d'une population, Chaque sondage eat expost f doux sortes d'inexsetitudes,
Leg grreurd syetématiques, qui surviennent aussi dans Jes relavis campliots, oot lour origine
dons la disposition méme de s statistique; Les erveurs aléatoires forment 1a deuxisms onli-
porie d'inexactitudes; celles-Ih tisnnent au fait que e sondage ne touche. gu'une partie de-la
population, Elles so distinguont toutefois des-aourees derrecrs de lo promidre catégorie. par les
fait gu'elles suivent certaines régles. Lea fluctuotions fortuites sont mésurables; elles dépondant
de V'ampleur du rolovd purtiol et de s variabilité des valours partioaliees. 8 X% dézigne une esti-
mation fondde sur un sondage of Sr 'écart-type de la valeur sstimée, i1y o une probabilicé de
85 % que le valeur tirde du relevéd eomplet soit situte dans Uintervalle X - 380 Si ls sondago
et asseer Standu, lu mesure Seodes fuctustions. fortuites deviendra. d'satant plos petite; autre.
ment dit, lo chiffre caloulé par sondage peut se rapprocher, sves approsimation désivahle, de
ln valour correspondante obtenue par un relovd complet effertué dans les mémea coniditions.

Les nuteurs relivent que les nombres firés dun sondsgoe ne pouvent servir directement de
base & des privisions. On souligng qu'un relevd stutistique complet ou partiel ne ='attache
qu'nux observations, aux phenoménass ou sux CRPOIIENCES 58 rapportant a1l pAsat o0 au mo-
miend méma du relevé. Tl en est tout autrement pour Uavenir, qui subit Vinflnence de fuctours
imprévisgilies, Do bons sondages donnont dvidemment o4 pracieus paints de replre sur Pavenir,
mais il fout se garder dexiger du sondsge plus qu'il ne peut fournir. Le sondage, atilisé & o
Place d'un relevd somplet, ne fournit quiune image schémotiguo de lo population. Le releveé
partiel, comme le relové complet reste entuché dPinexaetitudes du genre dey errours =yEbé-
matiques, provonsnt de la non-réponse;, de la mislfueon du questionnsirs ou des insnffisances
de Penguite astatistique, Les fluctustions fortuites auxquelles un sondage est sujst ne doivent
pus gtre confondues aveo les insuMsances inhéventes i une prévision; ces dernidres ne sont
pas meaurables ot subissent los influences les plus diverses.







