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THE USE OF CONTROLS BEYOND SIMPLE STRATIFICATION
IN THE PROBABILITY SELECTION OF A SAMPLE
by Roe Goodman and Leslie Kish

SUMMARY

In the selection of a sample of n units from a
population of N sampling units, various procedures
which are in accord with the principles of probability
sampling are available, As compared to unrestricted
random sampling, the other procedures may be said to
introduce controls in the sense that the probabllities
of selection of a part of the possible combinations
of n out of N are reduced (perhaps to zero), while
those of other combinations are-increased. The aim
of these controls is, of course, the reduction in the
variablility of sample estimates; this is achieved, it
is hoped, by increasing the probability of selection
for combinations which will yield the more accurate
estimates.

Heretofore use of controlled selection has been
confined chiefly to the elimination of possibility of
selection of many combinations through the use of strat-
ification. However, introduction of additlonal controls
will result in reduced probabilities of selection of
other combinations. Past attempts to introduce further
controls by means of "ddep stratification" have frequently
led to the use of biased estimates. Systematic sampling,
though a highly controlled procedure, has not been well
utilized in that the possible re~ordering of the sampling
units prior to selection seems to have escaped attention.
The use of additional controls and the consequent change
in probabilities of selection of different ecomibinations
of sampling units does not necessarily lead to sample
estimates of Increased accuracy. But by reference to
the theory of systematic sampling, it may be seen that
substantial gains In precision may be obtained under
certain conditilons.

Various procedures of controlled selection are
discussed and illustrated by the selection of primary
units for a sampling of the North Central States. The
sampling variability of a numher of items obtained by
this method is compared with that of a stratified random
selection.



THE USE OF CONTROLS BEYOND SIMPLE STRATIFICATION

IN TEE FROBABILITY SELECTICN OF A SAMPLE

At the heart of the problem of sampling is the following: Given a population
consisting of N rigorously defined sampling units, how is one to select & sample of
n of these units?

The question of how to select a sample is one that may arise several times in
deslgning a sample. In the sempling of human populations, with which thls paper is
primarily concerned, there is usually first the selection of primary sampling units,
then the selection of sub-unite, and so forth, The succesasive steges of semple se-
lection in surveys of this type mey properly be regarded as separate processes, That
is, In each instance one i1s faced anew with the problem of how to select the sample.

Mathod of Selecticn One Aspect -of Sample-Design

It is of course to be recnognized at the outset that a decision on how to select
the semple is but one of & number of decisions which should preferably be made
Jointly. Assuming that the design involves cluster sampling, decisions have to be
made regarding the slze of clusters and thelr precise definitlion. There is also
the guestion of whether the clusters ere to be selected with equal or varying proba-
bilities,l and if with varying probabilities, of determining what the probabilities
assigned the different sampling units gre to be. Finally, there ars the necessary
decisions regarding the choice of unit for sub-sampling, for sub-sub-sampling if
necessary, etc. Throughout the analyses of these questions, the minimlzing of costs
in relation to the determined standards of accuracy must ever be the primary con-
¢cern,

Despite the complexity of decisions finally determining the design of & sample,
the question of alternative methods of selection is a fundamental one, and one that
may profitably be studied alone. While in thls paper the emphasis is upon the se-
lection of primary sampling units, it will perhapes become epperent that the tech-
niques discussed have wide, general application.

Stratification Viewed as a Method of Contrecl

A gelectlon procedure which is widely used today is one that is called "strati-
fied rendom."2 It is to be noted that stratificetion introduces restrictions or
controlg in the process of selection. With stratiflied random sempling the selection
of units for a seample 03 size n is in a sense partislly controllsd in that the prob-
ability of selection of te C(N,n) possible combinatione of n units will vary, depend-
ing upon the stratae with which the n units are associated. Tor example, if only two
units ere to be selected from each stratum, all combinations of 'n units In vhich
exactly two units are assocleted with each stratum have a positive probability of

1. This paper 1s confined to the type of sampling in which every element in the pop-
ulation or universe ssmpled has a known probability of selection, that is, yprobabil-
ity sampling. The notion of making a selection among units with varying assigned
probabllities was intrcduced by Morris Hansen sbout five years ago., This technique
has been found increasingly useful,

2. Although the word random is generally taken to connote equal probability, its

use in this paper Implies merely specific known probabilities, not necessarily equal,
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selection, whereas all other combinations have a zero probabllity of selection. Thus
the number of possible sample combinations i1s reduced. In unrestricted random samp-
ling, on the other hand, the probability of selsction of any combination of n units
is a function solely of the probebilities of sslection assigned each of the n units;
moreover, if all units are assigned equal probabilities, the probability of selec-
tion ie the seme for all the possible combinations of n ovt of N units. See lines

1 and 2 in table I A. : '

Use of Controls - Definition

Before going further 1t seems necessary to state what is meant by the expres-
gion "use of controls in the probability selection of a sample." This expression
is defined to mean any process of selection in which, while maintaining the assigned
Probabilities of each unit, the probabilities of selection of scme or all of the
possible combinatlions of n out of N units differ from those which would maintain
under unrestrlcted random sampling. In short, any selectlon by probability methods
except unrestricted random sampling Is included in this definition,

As may be readily cobserved from the above definitlon, the use of controls In
the selection of a sample does not necegsarily involve a procedure of stratification.
For example, if the N umnits in the universe 1is an even multiple k of the n units de-
sired for a sample (2sauming all units &re to have equal probabilities of gelection)
the N units can bte divided arbitrarily into k groups of n units each and one of the
k groups then selscted at random for the semple. {(See line 4 in table I A). This
1s one possible metheod of controlled selection and yet 1t involves no stratification.
Notwithstanding possibilities of this kind, stratification seems in practice to be a
convenient step in the process of selecting most samples. And since 1t is itgelf a
method of controlled selection, the emphasls in thls paper, as indicated by the title,
1s on the use of controls beyond simple stratification.

An Extensgion of Purposive Selection

Conceptually, the use of controls in selecting a sample may be viewed as an
exténsion of the technigue known as purposive selection. One of the modes of exten-
sion mey be the use of more Judgment than in the conventional purposive sampling.

If, however, the estimates toc be derived from the semple are to be unblased, an addl-
tional step not ordinarily congidered to be a part of purposive selection is reguired.
In order that the sempling mey be probability sampling, the sampler must ocarry through
et least the equivslent of the procedure mentioned in the last example. That is, he
must select not Just one but many purposive samples, until every unit in the universe
is 1ncluded in one or more samples. The number of samples in which each unit appears
mus? be exactly proportionate to its assigned probability of selection (See table

I B). :

After the complete set of purposive samples hasg bsen establighed, the random
selection of one of them constitutes a probability ssmple., As will be seen, such a
procedure 1s not in conflict with the use of stretification but,. on the contrary,
can be more readily accomplished after strata have been established,

The preceding describes what appears to be the ultimate in controlled selection.
In the process of purposive selection one could, concelvably, use considerable Judg-
ment end also make mumerous checks in regard to various known characteristics of the
sampling units, finally establishing samples each of which was as nearly as possible
in accord with the paépulation as & whole with respect to each charmcteristic,



Survey Research Center

I, Controlled Selection Illustrated

A, Equal probabilities

N = 2000
Bach unit has .02 probability of selection.

Il=,.l.0

Method of selection

1.

2,

3e

L.

Unrestricted randon

Stratified random, 20 strata
of 100 units each

20 x 20 Latin square, 2
units taken at random from
geach selected cell

Population grouped into
50 possible sampLes

University of lichigan

Number of Probability
possible of selection
sample com- of each
bination combination
(approximate) (approximate)
90 x 10°2 .011 x 10752
78 x 1072 013 x 1071
ol x 10%° 0l x 10735
50 W02

As the method of selection becomes more and more controlled the
nunber of possible sanple combinations is drastically reduced

until, in method L, orly 50 combinations are possiblea

Each of

these 50 comhinations has a chance of selection in method 1, -

although an extremely small chance,

As the last column shows,

the probatility of selection of each of the 50 combinations in
method L is .02.

If for the items to be estimated, metl:od L will yield estimates
which have smaller variances than tiose derived from use of the
other methods, then the controlled selection would be vorthwhile,
provided ccsls were not increased disproporticnately.
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Controlled SelectionIllustrated (continued)

B.

Varying probabilities
Selection of 1 unit from each stratuw, n = 3

Stratum 1 6 units

" 2 ki units
n 3 5 units
Units and their
assigned probabilities Method of selection
Stratum 1 Stratified random Controlleds
Unit Probability ; Probabil- Probabil-
A «10 Combi- ity of Combi- ity of
B W15 nation selection . nation selection
C .10 i )
D 40 AKR »00L AKR «10
E .05 A¥S 010 BKS «15
F .20 AKT «008 CKS «10
1.00 e cean DKT .05
[ RN ] I [N ] DLT .15
Stratum 2 oo‘ seen LU 005
Unit Provability - veee DU o15
K L0 CKR «00L ENU <05
L .20 CKS 001 FNU .05
M .15 See LN N ) I:NV 015
N _,__0.25_ *ew Hhes s 1.00
1000 (R R ] . LN ]
FNV 008 *ieaningful ordering
Stratum 3 1.000 of units, samples
Unit Probability selected systemat-
R .10 ically
S .25 .
T .20
U «30
v .15
1,00

Note that with stratified random sampling the probability of
selection of any combination consisting of one unit from each
stratum is equal to the product of the probabilities of the three
units, For example, AKR has a probability of. (,10)(.h0)(.,10) = .0O0L
of being the chosen combination. If all the combinations and their
probabilities were entered, the sum of the probabilities would, of
course, be ones

On the other hand it is possible, if so desired, to introduce a
neasure of control by giving certain combinations any probability
not greater than that of the unit in the combination which has the
smallest assigned probability. This is subject to the restriction
that the sum of the probabilities for combinations containing a
particular unit must equal the probability assigned to its In the
illustrative example, the combination AKR receives a probability of
selection of .10 which is 25 times as great as it has in stratified
random sampling. With the controlled selection illustrated, only 10
combinations have any chance of selection. At the same time the
original probabilities assigned each unit are not violated.
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I1Ii Introduction of an Flementary Control to Aveid
an Undesirable Combination

Assume theme are two strata of 100 units each, two units to be
selected from egch stratum as on page IA.

Stratum - Sampling uwnit numbers, units randomly -ordered before
~ T . " l numberin
1 1,2)30000045044219,50151,52,0i00i004000999,100
II 1,2,3.-0113;5505)49,50 51,520‘00.;..-0.‘99,100

Assume thap, becavse unit number 14 in stratum I and unit numbet 67

in stratum II are geographically so close together; it is deemed
undesirable that both should be in the same samplei Their being selected
together can be avcided by, determining by a rahdom draw whether the
selections within each of the strata are to be confined to the first

50 units or to the last 50 units, Having made this initial determina-
tion, the units for the sample are then selected at random within the
half strata,

This example shows the flexibility of methods of controlled selection
in that a technique of this kind can be simply applied without violating
principles of probability sampling., '
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In practice the sempling procedure just described may not be feasible. But con-
tols may be introduced in & lesa inclusive menner. Suppose, for example, that {two
gampling units are to be selected from each stratum; then we may merely arrange the
sempling units in two strata in the same meaningful order and then determine at ran-
dom whether the selections are to come from the top half of the first stratum and
the second half of the second stratum, or vice versa. Following thls the selection
of specific eampling units would be made at random within the selected half strata,
A plight varlation of thils 1s shown in table II. Many other varilations in the man-
ner and extent of controls in selection are possible. Since the use of controls
frequently may cost relatively little, the question then becomes one of whether or
not this procedure will result in reductions in sempling variability. When elabor-
ate procedures of controlled selection are introduced, reductions (if any) in the
variance of the sample estimates to be derived have to be balanced against the costs
of doing the work in order to determine whether this additional work is worthwhile,

Previous Investigatlonsg of Selection Technilgues

Earlier research workers seem to have deelt with somewhat limited applications
of controlled selectlion., There 1s, of course, a wide range of_published materiel on
stratification, including a fundamental contribution by Neyman3 in 1934, Meyman's
also anelyzed the usual type of purposive selection which he found to be generally
inferior to stratified rendom sampling. The purposive selection he considered, how-
ever, wae to a large degree objective, whereas 1t may be noted that the methods dis-
cuased here permit the use of considerable Judgment.

Previously Bowleyh and Jensen? hed reported their anelyses of stratified random
sampling and purposive selection but their findings had been far from concluaive.
Jensené in 1928, described the purposive selectlon of a sample from records of the
1923 Danish Agricultural Census and showed that it represented the population well
in respect to distributions of several farm veriablea. Strand and Jessenl compared
the use of purposive and stratified random selection of townships in Iowa countles
and concluded that "purposive selection does not provide samples of greater accuracy
than stratified random selection" for situations of the type investigated. However,
none of these Inveatigotors attempted to combine purposive selection with probabill-
ty sampling.

Frankel and Stocka, in 1942, suggested the use of a Latin square design which,

within the framework of the modes of stratification used, extended the controls of
stratification to a second dimension.

3. Neyman, J., "On the Two Different Aspects of the Representative Method," Journal
of the Royal Stetistical Society, Vol. 97, 193k, pp. 558-625.

L. Bowley, A. L., "Measurement of the Precision. Attained in Sampling," Bulletin de
1'Institut Internstional de Statistique, Tome XXII, 1926,.

5. Jensen, A,, "The Representative Method in Practice,” Bulletin de 1'Institut In-
ternational de Statistique, Tome X¥XII, 1926, pp. 381-L439,

6. Jensen, A., "Purposive Selection,” Journal of the Royal Statistical Society,
Vol. 91, 1928, pp. 541l-5k47,

f. Strand, Norman V. and Jessen, Raymond J., "Some Investigations of the Suitabili-
ty of the Township es a Unit for Sampling Iowe Agriculture,” Icwa State College Re-
gearch Bulletin 315, 1943,

8. Frankel, Lester R. and Stock, J. Stevens, "On the Semple Survey of Unemployment,"
Journal of the American Statistical Association, Vol, 37, 1942, pp. 77-80.
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The following yeer Tepping, Hurwitz, and Deming® reported extenslve analyses on tech-
niques of this kind which they designated as "deep stratification." There is en im-
portant limitation of a Iatin square design, namely, that the probability of aelec-
tion of each of the 1 x 1 cells into which the population units ars grouped is the
game. Tepping, Burwltz, and Deming accordingly conaldered estimates, derived as
though the probabilities for the various cells were egual, whether or not the com-
bined probabilities for the units in the different cells were equal in all cases,
That 1is, they considered the use of biased, ss well as unblased, estimates and in
some cases found the blas to be an importsnt source of error. YateslO, in 1946, re-
ported a selection procedure called balancing in which additional random seiections
are substituted for units originelly drawn until finally "the mean value of the
balanced factor in the sample is equal to the mean of the factor in the whole popu-
lation." With the procedures Jjust described samplers attein a balance with reapect
to certaln controls but sccept the possibility of bilased estimates. In contrast,
the emphasis in this paper i1s upon securing unbiased estimates through randcm samp-
ling procedures, at the same time securing a partial balance in respect to the con-
trol factors.

Desplte certaln similarities of controlled selection to deep stratificatlon and
balancing there appears to be a still greater reasemblance between this procedure and
a method which has been increasingly discussed in the literature in the last few
years, namely systemalic sampling. Madow and Madowll and Cochrenl@ tave shown the
theoretical conditions under which systemetic sampling can be expected to bs useful
and have discussed ths epplicetion of the method to certeln real situations. In the
research on systematic sampling to dete, the emphasls has been upon the selection of
a sample systematically from a more or less "naturally ordered” sequence of sempling
units, Thus far, no attention seeme to have been given the question of how the samp-
1ing units might be erbitrerily ordsred in such a way that a systematically selected
sample would yleld estimates of gresatest accuracy.

Controlled Selection Viewed as Systematic Sampling

The similarity betwsen the highly controlled selection discussed a few minutes
ago and systematic selection 1s apparent when it Is considered that if the N units
in the population are numbered in the proper sequence the selection of a sample sys-
tematically will automatically yield one of the purposive samples. In other words,
under this condition the two methéds become the same.

Systematic sampling, in fact, appesrs to bs a gocod cormmon denominator for vari-
ous methods of probability selection., Unrestricted random selection may be viewed
as systematic selection in which the sampling units in the universe have been ordered

9. Tepping, Benjamin J., Hurwitz, Willism N,, and Deming, W, Edwards, "On the Effi-
clency of Deep Stratificetion in Block Sempling,” Journal of the American Statistical
Assccietion, Vol. 38, 1943, pp. 93-100,

10, Yates, F., "A Review on Recent Statistical Develcpments in Sampling and Sempling
Surveys," Journal of the Royal Statistical Scciety, Vol. 109, 1946, pp. 12-43,

11. Madow, William G., and Madow, Lillian, "On the Theory of Systematic Sampling, I,"
Annsls of Mathematicel Statisticse, Vol. XV, 194k, pp. 1-24,

12. Cochran, W, G., "Relative Accuracy of Systemetic and Stratified Random Samples
for a Certain Cless of Populations,” Annals of Mathematical Statistics, Vol. XVII,
1946, pp. 164-177.
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at random.lg Assuming & uniform sampling rete within all stratas, stratifled random
selection 1s syastematic selection in which the strata are placed in some sequence and
the sampling units within each strate are randomly ordered.l3 The selection with
deep stratification, assuming equal probabilities for all cells, becomes a systematic
one In which the cellas within each stratum are ordesred in & randomly chosen sequence
to accord with the restriction of & Latin square and the sempling units within each
cell are algo randomly ordered.l3 Thus controlled selection may be viewed as system-
atic selectlon in which the ordering of the seampling unite is to some degres not
random.

Viewed iIn this way the vast amount of flexibility inherent in the methods of
controlled sslection is evident, Moreover, the theory of systematlic selection can
be expected to provide valuable clues regerding the conditions under which wvarious
procedures of controlled selecticn may be useful.

The Underlying Theory

As the M’adowslh have stated, systematic sampling may be viewed as cluster samp-
ling, in which each possible sample 1s one of the clusters. If the expected intra-
clags correldgtion for a cluster of n units is nsgativeld (leas then ~1 _ to be pre-
cise) the estimated mean has a smaller variance than that of an unre-" ‘gtricted ran-
dom sample of n units. Moreover the variance decreases with decreasing values (in-
creasing negatively) of the intra-class correlation. (See teble III).

In stratified random gampling the intra-class correlation is never posltive, and
usually it 1s less than (~x— ). But the Madows and Cochran have pointed out that
under certvain conditions a systematic sample will have a smaller intra-class correla-
tion than & stratified random sample (which is a systematic sample with the units
ordered at random within strata); and that under chese conditions the sample estimate
of the mean will have a smaller variance in the case of the former than of the latter.

Now, unless the intra-class correlations corresponding to all of the possible
arrangements of unite within all of the gtrata are idemtical, the values correspond-
Ing tc scme of the errengements must be less than the average of 21l of them, which
is that of stratified random sampling. It follows that in practice there always

13, In the selection of units with varying probabilities the analogy to systematic
sampling holds only when exactly one unit is to be selected from each group. This
is, however, the usuael manner in which varying probabllities are utdlized in practice.
In such Instances, one may proceed as follows: Express the probabilities assigned
the various units in fractions having & common denominator, 4., The sum of the num-
erators of these fractions is, of course, d. Then arrange the d chances of selection
in a random order, It is well to recognize that with this procedure the various
changes of gelection relating to a single unit may be scattered throughout the se-
quence.

1k, Op. cit.

15. As Indicated in footnote 13, units with varying probabilities may be viewed as
having verying numbers of chances of selection, the sum of which was given as d.
Henceforth in this paper the total number of chances of selection will be considered
ag N, The problem of selection is then restated as that of selecting n units from a
ropulation in which the sum of the chances of selection for all units is N, in which
cage the number of units as such in the population becomes irrelevant., Thue, when we
do this, the conclusions to be reached apply alike to selection with equal and vary-
ing probabilities subjJect to the restriction that when varying probabilitlies are used
one and only one unlt is to be melected from each stratum or sub-group.
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I1I Varience of an Eetimated Mean with S ystema%%c Sampling

1 5
e o2 {1ep (an1) | where oay 3 (X152 0
. i=1 j=1

X1J = Jth unit in the 1th cluster {each possible systematic sample is
one cluster)

N = numbsr of units in the population

n = number of units in a cluster

k = N/n- number of clusters in the population

- L k no _ .

° " kn(n-1)02. 2 X {x.i - X} (X% - 7%
( ) i=| j§h=l(l:j 1ih

Special case: Units are rendomly cordered within each of the n séts of k units
prior to sach selecticn of & systematic semplé, {The Jth set conslsts of X1
XEJ, X35 0 0 0 o o .XKJ} This 18 equivalent to stratifﬁfd, rendom sampling.

i P - 1 .
Then p-  ~'p{n-1)a% 2 (X ) ? where Xj_=-—- él Kij.
. =1 =

7 1
o
n o 2
Nowp hes e meximum value of o, vhen I ('Xy -X) -
=1 '
2

- 1 1 n
and a minimum value of --— when- -2 (X, - X) = 02
n-1 n gzl J

Substituting the maximum,and minimum velues of 4 in the formula first given,
g 2. _ g2 j
X 7 and o, respectively. These values coincide with the well
known limite for stretified, rendom sampling. .

By use of the formula 1t can be eesaily demcnstrated that the varlance for i

systematic sampling is sometimes lees and sometimes more than that with

stratified random sampling. '
Assums the folilowing small population of velues ordered as shown

below:
Stratum I Stratum II
8 11 1+ 7 10 10 6 5 11 8
For e systematic semple of size 2, oogys. = -.UB*
For a stratified rardddm sample, 0 gtr, = =-.15%

On the other hand by re-ordsring the units in the above population 1t 1s
posslble, for a systematic sample &f size 2, to securs a wglue of
p &8 large as *.2k.

*Details of computations are:

I _.___-_j:._‘__,._-# %- ’ + (+ + (+ A} + +21+ (+
psYSt = (5) Q)(Z—I)(6-6) ‘ ("J@' [) ( 2) ("3) ( 5) (_‘*) (—2)( 2) ( I)(._[.)

pou

= —3?- = —.48
CO
| - - i
Istr,= = —Zo——— [({0—9)2+ (3~ 9)2]= - 2. = -5
2(2-1) (8.8) b 3.2
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exist orderings-of the units which have a smaller intra-class correlation (and there-
fore smaller variance) than that of stratified random sampling. Equally inescapable
is the fact that ordering may increase the intra-class correlation eabove thst of
stratified random smmpling or even ceusse it to become positive,

Many guestions are still to be answered. There is the problem of how to obtain
optimum ordering in regpect to a variable for which informatlon is sought. Then
there is the pneed to resolve the probable confilet between optimum orderings for two
or more varlables to be lnvestigated In the same survey. Feor example, the optimum
ordering in respect to one variable may result in less accurscy than would stratified
rendom sempling in respect to other variables. The question becomes one of finding
an ordering of the unitd by means of which the intra-cless correiations will be re-
duced on the average.

It 18 also pertinent to condider the possible reductions of the variances for
the different sikes of sample. The Madows found that with a given ordering of the
units, the effect of change in semple size was somevhat complex and that further in-
veatigation of thig problem was necessary.

In surmary, the theory shows that the use of additional controls may increase
the accuracy of sstimates for some items in a survey but also that the result may be
a reduced accuracy for vhese or other items, Tt remains then for empirical studies
and additlonal theoretical dsvelopments to determine what the results are likely to
be 1In practice.

Results of Limited Tests

We have completed a very smell number of tests by computing variances for samples
selected by the controlled procedures, The results of these computations show that
very substantial reductions in variances are sometimes secured by these methods. The
reductions ranged from 5 to 79 percent, except for one item on & very limited size of
sample--the variance was increased by 80%. This was the only time we found that the
variance was increessed, as compared with atratified random sampling.

Controlled Selection Illustrated

Before gilving further detalls regerding the variances, it is deairable to de-
scribe the method of controlled selection which was used for this particular problem,
As will be seen, the procedure 1s somewhat complex, although its concurrence with the
rules of probebility sempling is apparent, The description mey also be helpful in
showing the logical basls for the use of conirolled selection. In glving the details
of the method that was used there 1s no pretense of showing the best way of control-
ling the sample selection but merely one way that it may be done.

The obJective was the selection of 21 primery sampling units to represent the
North Central States, The Detroit, Cleveland, Chicago, end St. Louls metropolitan
ereas were taken as separate strata, each of which was then selected with certainty.
There remained the selection of 17 primary sampling units to represent sll areas in
the region outside these metropelitan aress. The primary sampling unit consisted of
a single county or a county Joined with part(s) or 211 of an adjacent county (or
counties), In forming the primary sampling units, there were 3 obJectlives as follows:
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(1} To increase diversity within the unit with regard to concentration of
population.

(2) To 1limit the dilstance from the central city, In which the Interviewer
would live, to the periphery to a range of 25 or 30 miles,

(3) Not to increase the size of the unit beyond a single county if doing
go would decrease the proportion of the population residing in the
central city to less than 40% of the total for the unilt.

The sampling units were grouped into 17 strata of about 1.8 million each; pri-

marily on the basts of the size of largest city, end secondarily for the more rural

countles; by major type of farming areas. The strata were numbered from 1 to 17,
the ordering being from those with lergest cities to those with rural populations
only. Within strata the probability of selection assigned each unit was proportion-
al to ite 19L0 population,

It was thought possible, by the use of controla, to insure a greater geographic
spread and balance than one could expect from simple stratified random sampling.
Another aim was to achleve a better balance with regard to percent urbanization in
the middle 7 strata, in which there remained considerable variation within the strata
with respect to this variable. The geographic balance was intended to yield arprox-
Imately proportionate representation of the various states in the sample and to meke
sure that the larger citles, as well as the less densely populated places, were well
distributed geographically. .

Selectlon in Successive Stages - Step One

In order to simplify the mechanics of the work it was found desirable to divide
the procedure into two succeasive steps. The various schemes used to accomplish
contrcol in these two stages will be discussed with the aid of the tables.

The flrst step was desgigned to assure proper representation smong four groups
of states as shown in the heading of tebls IV. The table shows the sums of the prob-
abilities of selection assigned the different sampling units within each of the four
groups (A, B, C, and D) for each of the 17 strate, end for various groups of strata
1 toh, 5 to 8, etc. It will be remembered that the ordering of the strata is mean-
Ingful, representing decreasing size of the central city within the sampling unita.
The date in the table may be interpreted in terms of expected number of selections,
as well as probabilities of selection. For example, the total 1.1718 under B for
strata 5 to 8 means that of the 4 units to be selected in these strata, on the aver-
ege 1,1718 is to be selected in Ohio or Indiana, By the use of controlled gelections
it is possivle to make sure that in any one sample either one or two of the units
selected will be drawn from this group. By thils method, when a draw is made the
chances are ,1718 that two units will te selected from thess states and .8282 thet e
8ingle unit will be selected. As will bs geen, this is the major type of control
achieved by the first step.

Teble V 1s set up 1n such a way as to conform with Table IV, The number of
cells in each box has been limited to 16 in order to simplify the work. The numbers
in the cells represent the number of sampling units to be drawn from each group of
states. The P's which are the probebilities of aselection for each comblnation add
to 1.0000. Thus the first combination (represented by the first box) has a probabil-
ity of .1391 of selection. If this combination were gelected, the drawings for the
first four strata would be teken as follows: 2 from the B group, 1 from the C group,
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IV, Assigned Probabilities of Sampling Units Classed in Four
State Groups in each of 17 Strata,

Population: North Central States excluding Chicago, Detroit,
Cleveland, St. Louis Metropolitan areas

Sample size: One unit to b? Frawn from each stratum, 17 units in ail.

Strata of approximately equél total populations, assigned probabilities
adding to one, -

Strata ordered by decreasing size of cities, For example, stratum 1l
consists of 3 densely populated units, stratum é consists of 13 units
having medium sized towvns, and stratum 17 consists of 195 entirely
rural units,

Ill. Mo.’ NIBI,

Mich, Ind, Jowa S.D,, Neb.,
Wiso, Ohio "Minn. Kan,

Stratum No. 4 B C D Total
1 L9L6 .5054 1,0000
2 L1L6é 585 1,0000

3 1.,0000 1.0000

ly .2827 3296 . 2602 .1275 1,0000
Total 1-L .0973  1,9150 . 7548 +6329 1,,0000
5 .1059 .1093 5165 w2683 1.,0000

6 L1937 «3213 .1850 1,0000

7 1034 .7h12 «1554 1,0000

8 41361 3478 2161 1,0000
Total 5-8 1.1391 1.1718 1.20L7 8L 11,0000
Total 1-8 1.836L 3,0868 1.9595 1.1173 8,0000
9 3040 11550 .1601 .0809 1.0000

10 02222 L0737 »3041 1.0000

11 .2915 40759 42981 +33h5 1.0000

12 0146 21476 21657 .2721 1.0000
13 2666 W21L9 - ,1922 .3263 1..0000
Total 9-13 8767 1,2156 1.5898 1.3179 5,0000
¥ 0261 «2719 L1297 2723 - 1,0000

15 «291L L1891 22963 «2232 1,0000
16 0363 0663 3409 .5565 1,0000
17 216l .0299 1570 5967 1,0000
Total 1L-17 5702 5572 1,2239 1.6087 11,0000
Total 9-17 1.0069 1,7728 25137 "~ 2,9660 9,0000
Total 1-17 3,2833 4.8596 L,7732 ;0839 . 17.0000

The probabilities entered above were derived as follows: The 1940
popwlation for each unmit was expressed as a decimal fraction of the
total 1940 population for the stratum. The fractions (probabilities)

for all units in a single cell were then added to obtain the total
for a cell in the table.
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Stratai No. of , ‘

_|Strate [ P= .1391 P= .00%3 | Pz .083% | P= 033k | P= .OL3L | Pz .0320 ]

e fop- ABCD ABCD | ABCD | ABCD] ABCD, ABCD
1-k4 4 0211 | 0211|0212 0211l ¢c211}] 1111
5-8’ Y 2110122001210 12211} 1111f{ 1210
9-13 | & 1121 1121) 1112 1121f 1211 0221l
Werg | b 02112 11012 19221 ] 1111 10312l 1012
Total ;| 17 {35¢hk 1 3554l 355h P 3550y 35h5! 355h
' |

Strata) P=.2047 Pz ,0022 | P= .0383 | P= .0638 | P= .14ob | P= .0g9k0 | P= .0LSY
1-b 112011201 1201312101 1210112107 1210
S8 §112¢ 1111} 112111111} 1111}21111} 1111
9-131121212 1121 0221} 1121 ] 1112} 1112} 1211
1id7 01120 0112] 1012 0112 teb1|1111| 1012
Total (35 5L 38 WS 3T 358 L 73R TS L] L2 hE
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V. Thirteen Alternative Comdinations which Jointly Setisfy the Require-
mants of Table on Page IV.

P = Probability of selsction for the combinations; A,B,C,D denote
state groups. ™ntriss show the number of unite to bs selectzd
in each cell, .

- If the first combination 1s selected (P= ,1391) the sample for the first
four strate will contain no unite from grouv A, two unite from group B, and
one unit each from groups C and D; and so on for strata 5-8, §-13, and 1h-17.

The product of (1) the entry in a cell and (2) the probability for the
combination, when summed over 211 combinatione, eaquals the entry for the
corresponding cell in the table on page IV. For example, for group A strats
1-b we havs 0X.1391+ 0 %.,0033 4 . . « . . +1x.00k0*1 v OLBG = .6973. It
mey be noted that the entries in a gilven cell of all the combinations newvsr
differ from that in the corresponding cell of the previous teble by more than
a fractlon. Likewise the sums of e¢ntries in palrs of adjacent cells in gen-
eral agres equally well with the corresponding sum in the previcus tarls.

Thirtezn was the least number of combinations found to be necessary to
satiafy the requirements of the seven lines of totals shown in tadle, page IV.

-
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and 1 from the D group, and so on for the other groups of strata. There are varioua

devices by which a table of this kind can be derived. The sclution given In Teble V

18 not unique. A convenient way of erriving at such a table is demonstrated In Table
Va.

We begin by writing down a desirable combination such as the one in the first
bex in Taeble V. To do this, we place a zero on the first line under A, since from
Table IV 1t is found that the probability for this cell is only .6973. In other
words, the numbsr in this cell must sometimes be zero. (We could have just as well
written a first combination in which this entry was 1, it dcesn't matter) When the
first entry is zero the second should be 2, since the sum of the entries in Table IV

(.6973 + 1. 9150} is greater then 2, hence the sum of the first two entries should
never be less thean 2, (since a con® ol was athtempted in resvect to A+ B and C + DY,
Having mede these entrjes, the other two entries on the firat lins should each be 1,
since the total must be 4 (the number of selections from the first four strata) and
neither entry should be greater than 1 since the probabilities for the cells (.7548
and ,6329) are each less than 1. On the second line we place & 2 under A, since the
entry for the cell in Table IV (1.1391) is greater then 1 and the total for the first
8 strata under A (1.8364) means that the sum of the first 2 entries under A should
usually be 2, Having entered the 2 under A, the entries of 1,1,0 under B, C, D, re-
spectively, automatically follows since the sum of the four enitries must be h and
neither of the entries under. B or C should be less than 1, since the probabllities

in Teble IV (1,1718 and 1,2047) are both greater than 1., The entrles on the third
line are theose in the corresponding cells in Table IV roundsed to whole numbers. They
add to the required total of 5. The total for the last 9 sirata in Table IV (1.4469)
indicates that the sum of the last two entries under A should more often be 1 than 2.
A zero 1s eccordingly entered on the last line under A, The entry under B .should
then be 1, since the sum of entries in Table IV (.5702 +.5572) is 8lightly greater

than 1, The entry of 1 under C and 2 under D results in totals of 3 for the last
two lines 1n each of these columns, which totals are in harmony with the correspond-
ing totals of 2.8137 and 2.9666 in Table IV. It may be noted also that the totals
for the entire columns in this combipation (3,5,5,4) are in harmony with totals in
Table IV. The probability of .139%1 is the largest desirable probability for this
combination, since the entry on the second liné uader A can be a 2 only this propor-
tion of the time, if 1% Is never to be less than 1, and the assigned probabilities
are not to be violated.

Table Va is useful st tais point In that it shows the permissive probablilities
for each desired number of selections in each cell, The .1361 asgigned the combina-
tlon Just discussed is then subtracted from each permissive probability corresponding
to the cell numbers of selecilon sppearing in this particular combination. As addi-
tional combinations are set down the probabilities are succesglvely subtracted until
the remainders are all 2ero. Thus we are gulded in aesigning probabilities to the
different combinations in that the restrictions imposed by'Table IV are made iron-
clad by means of Table Va. For example, it is obvicus from the table that the maxi-
mum probablility for the first compination is ,1i391, since the subtractions in the
first column leave a zero ¢n line A, strata 5-8. The second and third combinations.
were originally written as one, that is, the second combination was assigned the
probability of ,0868; however, it was later found convenient to gplit this combina-
tion and slightly alter the arrangement in the lower right corner yielding the third
combination. The probdability of ,0868 was the maximum for a ccmbination having a
total of 4 for the first eight strata under B.

It Is perhaps fairly eesy to see how certain "improvements" mey be made in the
combinations and thelr probabilities as entered in Table V. For example, the com-
blnations could probably have been written in such a way as to harmonize ‘with totals
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V2 WORK SHEET SHOWING RESIDUAL PROBABILITIES FOR EACH DESIGNATED NUMBER OF SELECTIONS
des?%%ﬁon Selectlons 1in each cell Probabilities of combinations to be successively deducted
Strata| Group | Number Probability(. 1591].0033}.0835 |. 0334 {.0434|.08560 |. 2047 }.0022{,0383|.0838 !, 1404 . 0940 |. 0489
1-4 A o} '%27 -Im . 1m—3 .0'765 10434 « OO0
1 » 6973 . 61231, 4076 + 4054, 3671 (. 2833 » 1429 (. 0488 (. 0000
B i . 0850 . 0000
2 « 9150 7759, 7726 |. 6801 |, 6657 |, 6123 «4076|.40564}. 3871 |. 2833, 1426{.04891.0000
[ 0 « 2452 .0405).0383{,0000
1 « 7548 «B8157].68124(.52089 |. 40856 ).4621;. 3671 « 2833, 1426 . 04806 | 0000
D 0 - 3671 "‘42355 » 142€|,0488(.0000
i ] - 8329 « 4938(, 4905|4070, 37381, 2202{ . 2452| . 0405(. 0383{, 0000
58 A 1 +«8600 876 (7741|7407 |, 6973) . 6123]. 4076 | . 4054 |. 3671 |. 28331, 1429 (. 0480 |, 0000
2 <1391 |.0000 ,
B 1 « 8282 + 8891 + 6557 . 6123 +4078]. 4054, 3671]. 2833, 1428 |. 0489 | 0000
c i = 7953 « 8662, 68520 | . 5804 |. 5360 |, 4926] . 4076 «4054(.3671 ], 2833 |, 1429(.0489|.0000
z «R047 + 0000
D 0 - 5156 « 3765|, 3732 . 2807 . 20471.0000
b + 4844 .4510|. 4078 + 4054, 3671 1. 2633, 1420 |.0489|.000C
1"8 A 1 . 1636 . 1&3 007& '0454 10&0
2 « 8364 « 8973 «6123|.4076[, 4054|3671 ]. 2833 . 1428 | 0486 | . 0000
B 3 «8132 « 7741 «T407 14 80T3]» 6123 ]+ 4076 . 4054 ]+ 3671 |. 2933 ), 1429 [, 0489 |. 0000
4 «0868 »08361.0000 .
c 1 .0405 . 0383(,0000
2 .5056 »8204(.8171|.7336 |.7002.8568]. 5718]. 3671 + 2833 |+ 1428 1. 0489 . 0000
D i «BB27 «74361.7403 . 8568 . S7181. 3671 « 2833 |, 1429 1. 0488 | . 0000
2 .11;73 . 0839 [, 0406 . 0533}, 0000
g=-13 A o] . 1233 «0383 » 0000
1 « 8767 » 7376+ 7348 [« 8508 {4 8174 |« 5740 «36831.3671 « 2833 (. 1429 {. 04851, 0000
B i . 7844 + 8453 . 6420 |.5586 |. 5251 «32041.2182 «2344 1. 009401, 0000C
2 « 2158 . 1722{.0872 0489 +0000
c 1 «4102 + 3267 « 2833 « 1429 1. 0489 [, 0000
2 « 5888 « 4507 | « 4474 + 4140 +3260 1. 12431, 1221 ,0838 |. 0000
D 1 « 6821 +»54%01. 5397 « 5003 |+4628{.37701. 1732|. 1710}, 1327 |. 0489 0000
2 « 3179 . 2344 »09401.0000
i4-17 A 0 . 4298 » 2907 .0860(.0838 » 0000
1 « 5702 +56601.4834 1. 4500 |+ 4066] . 3216 + 2833 « 14281.04891.0000
B 0 . 44&3 ) 4::595 - 35&) . 3126 - 2-276 L] 1893 l0489 .0000
1 . 5572 «4181 . 3847 «1800|. 1778 . 0840 . 0000
C i «7761 « 8370} . 8337 + 8003 |+ 5568 . 4716 |. R672|« B850 1. 2267 |. 142D + 0488 | . 0000
2 + 2239 . 1404 : » 0000
D 1 » 3513 « 2678 |. 2344 «0840.,0000 )
2 .8487  |.5098!.5083 +4629{. 3778 . 1732]. 1710, 1327 |, 0489 + 0000
g~17 A 1 « 5531 -4140 « 3290 |« 12431, 12211.0838 10000 '
e « 4469 «443681.3601 1. 3267 |. 2833 -maﬁ .048%1,0000
B 1 .2272 22381, 1404 e
2 « 7728 » 6337 « 8003 | 5560+ 47191, 2672|+ 2860 (..2287 |. 1429 k400 ., OG0
C 2 + 1863 “ |e1428 %459 000D
3 « 8137 » 087466713 ]. 5878 |« 5844 » 48941+ 2847 . 26264 2242 |4 1404 | 0000
3 « D666 «B275],82421,7407 «8973]. 8123 . 4076 {+ 1054+ 3671 |4 2833 |o 1420 |, 0489|0000
i-17 3 27187 « 577857434908 [ 4574 ¢ 4140{ . 3290 [+ 1243 |, 1221]. 0838 [, 0000
4 « 2833 « 1420 [, 0489 (. 0000
4 = 1404 « 0000
5 «8598 «705(.7172|. 8357 |. 003 | « 5564 - 4710 |. 26721, 2660 ]. 2287 |. 1420 .04881, 0000
c 4 « 2268 « 1834 +1812]. 1429 « 0489 |« 0000
& 7732 +83411. 6308+ 5473 {1 5138 « 4200 |« 2242 » 1404 1. 0000
D 4 «8181 «TTT0| 7737+ 6802 |+ 6668 «5718(. 3871 « 2833 [, 1429 |, 0480 |+ 0000
5 -0839 N 00435 .0383 .OOCO
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for strata 5 to 13 in Table IV, as well as with the other totals. 'Also 1t is readi-
ly seen that there was freedom to use a much greater number of combinations than
vere used, if so desiresd. The procedure that was used, however, was based on the
assumption that until it is established that techniques of this kind result in gains
in sampling precision, the complications to be introduced should be somewhat limited
in the Interssts of economy.

Table V 1s intermediate to Table VI, which provides a basis for selection of
specific groups of sampling units. Using the data in Tables IV and V, a table such
as Table VI can gqulte resdlly be written down. It will be noted that for each bex
in Table V there 1s a corresponding column {or perhabs a set of columns) in Teble VI.
In setting forth the data in Table VI is is possible to do more than to conform with
the restrictions of Tables IV and V, namely, to see that the selections in any group
of states are scattered more or less uniformly throughout the strata. For example,
in the first column, in which there are to be two selections from group A In strata
5 to 8, the arrengement 1s such thet these are not taken from numerically adjacent
strata. The same holds for the two selections from group C in strate 9 to 13, and
the two selections from group D in strata 14 to 17. The two selections from group
B in strata 1 to 4, on the other hend, are adjacent, due to the fact that all of
stratum 3 is in group B; hence, whenever the selection for stratum 2 is taken from
group B, the two selections must come from the same group.

In writing down the selection patterns, as in Table VI, the manner in which
Table IV 18 used may be illustrated in the following way: According to Table V, 1°
selection in the first b strata 1s to be teken from units in group C in all but
three of the combinations. Table IV shows that the letter C must be entered oppo-
site stratum 1 in selection patterns having a combined probability of .49U6 and op-
posite stratum 4 in selection petterns having a combined probability of ,2602, En-
tries for each letter can therefore be made one at a time for the first four strata
until all of the patterns are completed as far as the first four etrata are concerned.
A simllar procedure is then used for the other sets of strats.

In view of the small number of units in each of the firat six strata (there are
only three units each in the first two) a still more exacting system of controls
secmed feasible for these strata, Here the process was extended tc the setting down
of specific combinations of sampling units with a probability of selection determined
for each such combinaetion in accord with Tables I, II, and III. In this way, it was
possible to emphasize desirable combinations of sempling units, that is, those yield-
ing & good geographical scattering of the larger citles,

At this point & random selection was made, Number .8184 was drawn, and if Table
VI were complete the selected pattern could be found, namely, the first one in which
the cumulated probability equals or excedes .8184.

One may rest at this point, belleving that he has obtained the substantial part
of whatever gains controlled selection mey ylald. He would then meke his selection
of cne unlt for each stratum at random among the sempling units of each selected
group. That is what was done for purposes of the sempling error calculations.

Second Stage of Controlled Selection

On the other hend one may introduce further reatrictions within the restrictions
of the groups selected from table VI. In this irstance, it was declded to secure an
approximate balance In respect to distribution among individual stetes and also in
respect to per cent urbanizetion, A4t this stage thls can only be dope, however, by
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VI. Selection Patterns Showing the State Groups from which the

Various Sampling Units will be Selected.

AS
P = probability of selection of the pattern
P cum = cumulated probabilities of patterns

) .0002 40033 ~0L89
P .0200 L0061 .0038 .0195 .0i2L, .0657 L0116 g :
R 002 -O I.l. '0618 012?5 01391 00002 QOOB‘c-d .OLL 9
Pncmm -0200- 0261 & i .1391 .1h2). . J1.0000
StTatUm -
No.
10 C c C ¢ c C- D D D f.ed C
2 B B B B B B B B B g
3 B B B B B B B B B
L D D D D D D c ¢ C B
5 A A A A A c A B B D
6 c C o c . C A ¢ c o} B
7 B B B ‘B B B B B B d
8 A A A A A A A A A A
S B c c C o c c c D B
10 ¢ B B B B B B D B D
11 D C c c C C C A A A
12 o D D D D D D c C C
13 A A A A A A A B B B
1L D D c C D D D D c D
15 c o D D B B B C A C
16 D D D B c c C D D D

The table means that the pattern in the first column has a probability of
.0200 of being chosen, the second one a probability of .0061, and so on. As
indicated by the dots, many of the pattermsare omitted here for lack of space..
If the first pattern were selected the sampling urit for the first stratum
would be selected from those units in state group C, the sampling unit for

the second stratum in state group B, the sampling unit for the third stratum

in state group C, and so on,

The patterns have been written down in such a way as to conform with tables
IV and V. The sum of the probabilities of selection of the patterns in which

a certain letter appears on a given line (stratum) is equal t¢ the probability
shown for that letter and stratum on page IV.

lr .0200 + ,0061 + .0038 + ... + .0LBY = .L9L6.
sets, each set corresponding to a combination on page V, as indicated
by the cumulated probabilities on the second line of the above table.

For example, for C in stratum

The patterns are grouped in

Within

each set within each group of strata (1-l, 5-8, etc.) each letter will occur

the number of times required for that combination on page V.

For example, in

each pattern of the first. set (P= .1391) in strata 1 to L, there are zero A's,
two B's, one C and one D. Moreover in writing down the patterns an attempt
was made to avoid writing the same letter in two adjacent strata in the same
pattern. Thus in each pattern the different letters (state groups) are well

distributed,

Each of these patterns of course would have a chance of selection if ordinary

However the sum of the probabilities of all of
them under stratified sampling would be only .0000058 in contrast to the

stratified sampling were used.

1.0000 here,
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applying a procedure of controlled selectlon to the groups selected In step one. All
the units in other cells of Table IV are henceforth out of the picture altogether.
Thus, the balancing of the ultimete sample in respect to these additional factors
cannot be better on the average than that of the groups already selected.

A table, somewhat compareble with Table VI was prepared for the second stage of
sample selection, It set forth the possible selection patterns for selectlion of
sub-groups end again is nct a unique system. Prior to the preparation of the table,
sub~-groups of units within the selected groups were formed on the basis of state,
and wlthin state, on the basls of whether the units were plus, aversge, or minus, in
reapect to per cent urbanization, For these purposes the probabilities of selection
for each sub-group were scaled upwerd in such a way that the total probability for
each group wag 1,0000, Frequently, the units in 2 given sub-group belong to only
one.of the states in the group; hence, the selection from the group could be drawn
only from this one state. It would have been possible, of course, to have cbiained
& greater control of the sample distridbution by states by having done additlonal
work prilor to the flrst selection., Mnreover, st this, the setond stage, it would
be possible to introduce a measure of gepgraphlc control within the states 1f this
vere considered worth while. '

After & random draw was taken, based on this last table, there were eleven sets
of sub-groups, some of which contalned but two or three sampling units., (The indi-
vidual sampling units for the first six strata had been automatically determined by
the procedure of step one.) Additicnal random draws were taken within sub-groups
until, finally, the selection of seventeen (17) sampling units was completed.

Further Details on Comparilscns of Variances

As indicated previously, the tests of variances were based on samples selected
at the conclusion of step one, the procedure of which was described in some detail.
For this purpose we draw 100 samples of 17 units eech, using Table VI. Within the
gelected groups individuel units were chosen with probabilities proporticnates to
their 1940 populations, as required by the original sample design. Fstimated means
vere then prepared for eech aample for a number of items using published 1940 Census
detz, and finally a veriance wes computed among the 100 estimates. For the simple
stratified case, with which this variance was to be compared, variances were computed
for the seme items by means of the standard formula which utilizes date for the en-
tire population. To date varlences have been computed for three items based on the
entire 17 strata and for four items based on the first six strata only. The vari=-
ances for the first six strate for the controlled as well as the stratified sampling
were computed for the entire population. For this purpose estimates were computed
for each possible controlled selection and the properly weighted varilances were then
derived. The comparisons of the variances are given below:

.,Variance of Estimates Derived from Controlled Ssmpling
a3 Percents of the Variances for ordinary Stratified Sempling

1940 Census Data ~ First six All 17
stratas only strata
n=6 n=l7
, % %
Averege monthly rent of urban and rural non-farm dwellings 41 81
Ratio of total dwelling unite to total populetion 180 G5
Percentage of dwelling units vacant 95
Percentage of populetion foreign born white 21

Percentage of population over 65 years of age 25
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In the results as glven, a percentage of less than 100 indicetes a gein for the use
. ‘of controlled selection, while one of more than 100 indicates s loss. While the

; percentage for the ratio of dwellings to population was 180, based on the first six
J strata only, the loss was converted into 2 small gain when the computaticns wvere
baged on the entire 17 strata (including the 6). It may be noted that if the per-
centages were expressed in inverse form, that 1s, the variance of the stratified
random as a percentage of the controlled selectlon, percentages above 100 would in-
dicate = loss by not having used the additionzl controls. Fer example, the percent-
age for average rent hased on all 17 strata would be 123 and that for the percentage
of foreign born white, based on the first 6 strate only, would be 48k,

Concluding Remarks

The emphasis in this paper has been upon the possibility of using controlled
procedures of selection without violating principles of probadility sempling., A
great deal remains to be done in improving the techniques and additional theoretical
developments will be needed,

The procedure described 1llustrates a selection with uniform rates within
strata of approximately equal slze. The methods are sufficlently flexlible, though,
to permit their extension to situstions in which different rates are used for 4if-
ferent segments of the population,

A problem that will require attention is the estimation of variances based on
. sample data for cases of controlled selectlon, This is exactly the problem of es=
timating variances for systematic sampling and while 1t presents difficulties it
gshould be possible to develop approximations which may be so formulated as to bs on
the "safe side."”

If the use of controlled selectlon is found to result in reduced variances of
estimates for large scale surveys, efficiency of semple surveys based on a relatively
small number of semple areas will be increased. In this comnection, the use of an
even greater number of control varlables mey be desirable if one set of sample arsas
is to be utilized for a wide variety of surveys.





