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FOREWORD

Since the development of the Master Sample of Agriculture sampl-
ing materials in 19&3-19&5; the use of "area" sampling in surveys has
become widespread in a variety of interests -~ non-sgricultural as well
as agricultural - and types - analytical as well as descriptive.

Availability of area sampling materials in federal, state; and
private agencies has contributed much to the awareness of the use of
area sampling, Demand for area sample design; consultation, and
preparation appears to have reached the point where the researcher's
appreciation of the importance of a probability sample has outrun
his cognizance of the problems encountered in defining the universe
of the sample; the organization; or frame; of the universe, the re-
liability of the information required for the sample allocation and
draw, and the availability of the materials for the designation of
the sample for field use. This failing is due in part to the re-~
cognition of the "total picture" economy where we find "agricultural"
researchers working in urban areas and "urban" researchers trying to
determine such things as the rural contributions to the industrial
labor férce. In 1955; for example; a regional committee of agri-
cultural economists conducted a study of milk consumption wholly
within 12 metropolitan cities in the Southeast,

Unfortunately, there still exists among researchers the idea
that drawing a sample is a mechanical, "drawer-pulling-out" process
by those having access to mountainous files of maps, punched-cards,

and copies of Census publications. There is also a tendency to call

upon experts to do the sample work without exploring the possibilities
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of canstructing the semple frame "at home,' where clerical and super-
Qisory man-power might be avallable and the more expensive materials
at hand,

In the process of developing sampling materials for North Carolina
and, at the same time, fulfilling requests for samples in other states,
the writers found it necessary to explain repeatedly the process of
constructing an area sample frame, This explanation included the
types and sources of information and maps for the sample allocation
and draw, the office and field work required for the definition and
delineation of the sampling unit and observation unit, and the es-~
timated costs of the various steps in the sampling procedure, In many
instances it appeared that in a value vs, cost concept the researcher
should restrict or re-define his universe of inquiry within the exist-
ing available materials, or actually perform at least part of the con-
struction of the sample frame himself. Frequently, assembling the
materials to meet the sample specifications would cost more than the
total survey budget!

The nurpose of thié pamphlet is twofold: to bring together the
various definitions and procedures involved in the construction of
an area sample frame and to indicate the use of the frame in drawing
samples., The writers believe that a detailed discussion of pro-
cedures will be informative to those who might be in a position to
make a collection of sampling materials for continuous use and that
appreciation of this operation will be beneficial to the researcher
who makes use of sample surveys for data collection.

The authors do not in any way consider the concepts and practices
set forth in this publication as original with them, We present this
pamphlet as a collection df ideas and suggestions which have arisen

during experience with surveys using the Master Sample of Agriculture
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sﬁmpling materials and from association with sampling people through-
out the country who have long felt the need to record the trials;
improvisations, and conversations relevant to area sampling,

Among others, we gained enlightewment from R; L; Anderson, W, G,
Cochran; W, E, Deming, J. Fleischer, M; H, Hansen, H, 0. Hartley,
W, A, Hendricks; D, G. Horvitz, E, E, Houseman, W, N, Hurwitz, E, M,
Jacobs, R, J., Jessen, A, J. King, R, K, MecMillan, T, J, Reed, A, Ross,

N. V, Strand, and D, J, Thompson,
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I IRTROBDCTION

The first requirement for a vrobability sample of any nature 1is
the establishment of a sampling frame, A sampling frame is a collect-
ion Qf sampling units which may be unambiguously defined and identi-
fied, A list of persons, families, or houses might be a sufficlent
frame for certain types of samples; for other samples, a list may
not exist or cannot be inexpensively obtained., In the latter case,
the Master Samvle of Agriculture materials have provided a solution,
These materials constitute a geographic frame of area units, "count"
units, for the United States, whereby any element which has an
assoclation with a unit of area can be identified after locating a

particular count unit. The count units vary in size and shape, as
well as the "counts" < the number of farms and number of

aWGllipgs indicated on highuay méﬁs and gerial photo-
graphs, The one characteristic common to all is definable area,

Within the count unit, sempling units can be defined and identified;
This, in brief, is an area sampling frame; The frame thus con-
structed is entirely adequate for area probability sampling,

In the Master Sample materials; the actual allocation of a number
of sampling units with certain characteristics in terms of number of
farms and dwellings was made for each count unit - specifically for
the Master Sample of Agriculture, Although at the time it was
visualized that this allocation of sampling units to the count units
would serve for many subsequent samples, re-assignments of sampling
units consistent with the sample objectives have since been practiced,
For example, & count unit which might have been assigned 2 sampling
units for a farm study of farms over 50 acres in size might be assigned
i sampling units for a study of males, 30 years of age and older;

Thus the count unit is a convenient device for recording
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characteristics used in the assignment of sampling units.

For a given

sample, criteria of sampling units are applied to the count unit and

the "size" of the count unit in terms of the number of sampling units

1s established. It is important to note that the ultimate seampling

units need not be definable on a map, but might be defined at a sub-

sequent stage in the survey procedure.

Experience with the Master Sample materials has provided incentive

of North Carolina

to develop new materials for the state/and other states when feasible,

In addition to the obvious advantage of newer maps and culture, there

remain two fundamental reasons for this development:

1) To provide a sampling-frame which is consistent with the

1950 Census of Housing, and

2) To improve, by virtue of experience with the Master Sample
materlals, the efficiency of area probability samples.

In general, the present concept of the sampling materials follows

that of the Master Sample of Agriculture., The main exceptions are:

1) Abandomment of the Minor Civil Division (MCD) as a geo-
graphic delimitation of count units. Only established
roads, streams, railroads, and city, town, and county
limits are now used as count unit boundaries. Since MCD
housing data are not published and MCD -boundaries are
often difficult to locate in the field, there appears
to be no advantage to preserving the practice at this

time,

2) a) The URBAN ZONE now consists of urban places plus

the urbanized areas defined in the 1950 Census.

b) The new definition of RURAL PLACE as all incor-
porated places less than 2500 in population and
unincorporated places of 1000 to 2500 in population

as defined by the Census.

c) The OPEN COUNTRY ZONE is the residual area not

defined as Urban or Rural Place.

3) The unit of compilation is the occupied dwelling unit
(ODU), or household. This unit is consistent with the
Census data for all geographic areas through the county,
urban places, and rural places with population 1000 to
2500, For incorporated towns less than 1000 in popula-
tion, the number of ODUs is estimated by a population

ratio,
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II PREPARATION OF THE SAMPLING MATERIALS

The basic component of the sampling materials is the county 1"
= 1 mile highway map., Map information and detail vary from state to
state, yet these maps ordinarily show all cities; towns, the county
road system, farm and non-farm dwelling units (vacant and occupied),
stores, churches, schools, cemeteries, power lines, state parks, etc.
The date of map reproduction and culture count are usually shown‘for
each map.

A, TUse of the Census Data

The 1950 Census of Population lists the names and populations of
the citles and towns in each county. Classification of the places
into Rural Place and Urban is thus determined., If the county con-
talns an unincorporated place, an Enumeration District (ED) map is
necessary to establish the Census delineated boundaries on the county
map.

A city of 50,000 or more in population may mean the presence of
urbanized areas around that city. Map and verbal descriptions of
urbanized areas are found in both the Population and Housing volumes,
The Census volume maps also show the 1950 city limits of the metro-
politan city.

Although the county highway maps do show city and town 1imits;
these limits are not necessarily the 1950 limits, and, in order to
comply, the Census delineation must be used rather than the county
delineation., To be completely accurate, ED maps for all cities and
towns in the county should be used. The alternative to this, however,
is less expensive: obtaining ED maps only for places as they are
selected in the samples and using the county map boundaries for other
Incorporated places as indicated on the map. Compliance with the 1950

Census limits can then be dealt with in the field.
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AAfter the delineation of urban places; urbanized areas, and rural
incorporated and unincorporated places; the residual area of the county
is the Open Country., The 1950 number of ODUs in the Open Country is
obtained by subtraction of the place totals from the county total!

Buncombe County, North Carolina is used to illustrate the above

procedure,

. 1950 CENSUS
BUNCOMBE COUNTY OCCUPIED
NORTH CAROLINA POPULATION DYELLING UNITS
URBAN

Asheville 53,000 15,029
Urban Fringe 5,437 1,455
RURAL PLACE
Biltmore Forest 657 178*
Black Mountain 1,174 LO7
Jupiter 136 37"
Enka (uninec,) 1,792 187
Weaverville . 1,111 315
Swannanoa-Grovemont (uninc.) 1,913 _ 523
TOTAL PLACES 65,220 18,431
OPEN COUNTRY (by Subtraction) 59,183 1,418

#For North Carolina, the average population/occupied dwelling unit
in places of 1000 to 2,500 (Census information on occupied dwelling
units is not published for towns under 1000 pOpulation? is 3.69.
This average was used throughout the state to estimate the number
of ODUs for towns under 1000 population,

B. The Open Country Count Map

In preparing the Buncombe county highway map, the first step
1s to delineate Asheville and its urban fringe. Delineation of the
Census unincorporated places, Enka and Swannanoa-Grovemont, from the
ED maps follows: and, finally, the marking of the incorporated places

(in this county, they are all Rural Places) as indicated on the map
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itself. There are map "name" places and insets (enlargements), not
1{sted as Census places, which are considered part of the Open Country
anﬁ included in the Open Country count units,

The organization of the Open Country will vary from state to state
and¢ between counties within state., In North Carolina, the main high-
ways generally transect & county such that a spoked-wheel appearance
is made with a town (usually the county seat) at the hub, Since main
highweys are relatively stable and easily identified, they serve as
better boundaries for "divisions" than MCD 11nes; The division serves
two purposes: convenience in recording the map counts and locating
count units, and creation of areas which could be used as fairly
homogeneous primary sampling units within counties.

The divisions are then marked in a distinctive color and numbered
in a contiguous, counter-clockwise mammer, Within each division, the
main roads, rivers, and railroads provide stable and identifiable
boundaries for the count units. The occupied dwelling units indicated
on the map are then counted within each count unit., Since the count
unit is merely a collection of sampling units, the number of which
varies with the sample allocation, the size of each count unit, in
terms of indicated number of dwellings (INOD), does not affect the
ultimate selection of a sampling unit, However, the main road
system and topography, together with the area extent, do present
some limitations on the INOD size of the count unit. In sparsely
settled areas, the few roads are the only available boundaries and
meke a count unit large in area but small in number of INOD; For
operational purposes, the "target" size of the count unit is 15 INOD,
with many exceptions to the rule, In some suburban areas, the size
of the count unit may be 100 or more INOD simply because of the lack
of adequate map boundaries. The practicel minimum number of INOD
is 3, If a count unit hes less than 3 IWOD it would probably be

necessary to combine it with an adjacent count unit in order to
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have a probability for geleetion &as part of a sampling unit; this would
defeat the nurpose of the count unit;

An order of preference for count unit boundaries might be generally
stated; The first principle; when cholces exist, 1s to select the
most stable boundary; e;g., a paved or surfaced road rather than a
dirt road or a trail; a dirt road rather than a small stream which
has no bridges to indicate road crossings; A large rivmﬁ on the other
hand, should be used as a count unit boundary, when possible, so that
canvassing a possible sampling unit would not involve crossing and
re-crossing a bridge which may be miles removed from the sample area;
In mountainous and swampy areas; the road system is often inadequate
for count unit boundaries and imaginary lines between identifiable
land marks are necessary to form workable count units. Problems of
travel for field personnel should be considered in the count unit
delineations;

After the count units have been marked in color, they should be
numbered contliguously such that the last numbered count unit of a
division is adjacent to the first numbered count unit in the next
division, With thié procedure, the final 1list of count units is
geographically as well as numerically ordered, and any combination
of ordered count units can be made for purposes of stratification,
primary sampling units, setec,

In some counties; the insets of congested areas help to improve
the accuracy of the count of INOD: Occasionally; built-up places,
especially suburban areas near cities do not have the dwellings
indicated either on the meps or in the insets; For such areas as
these; recent aerial nhotography can be used to obtain dwelling counts,

Experience with congested areas (which are roughly the equivalent

of the Master Sample uningorporated stratum) may lead to a separate
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Jddentification of count units containing such areas. Congested areas

3

usually mean a low number of farms or, at best, a number of small
farms. .Sevarate sampling of such a "stratum" would result in a more
efficient sample for certain types of agricultuﬁal surveys,

The next step is the listing of the count units in numerical
sequence by division, and count.unit within division, Statistical
(columnar) tabulat}ng paper is useful for this purpose and provides
a convenient recordiiransfer of data to punched cards when desirable,
The 1INOD:- is entered to ﬁhe right of the count unit and division
number, allowing’space for accumulating totals on the listing sheet,
Cumulative totals both within each division and over the entire

county are helpful in the selection of samples. In the illustration

of a selection technique below, the listing method is displayed,

C. laterlals for Urban and Rural Places .

A process simllar to the Open Country method can be accomp-
lished for the places in the county. However, as indicated earlier,
savings are realized if the materials are ordered only as required
for a specific sample,

Census Block Statistics are adequate for sampling cities with
more than 50,000 population; the remaining places have to be dealt
with individually. The ED maps supplied by the Census are suffi-
ciently detailed to locate an ED within a place, which narrows the
problem of obtaining block dwelling unit counts to sections of the
place. The size of an ED varies considerably - in North Carolina
the average is about 165 ODUs. Once the ED is selected, block counts
mey be made from aerial photos, Sanborn mans, town records, or by
"eruising" the area for estimated counts, As a rule, Sanborn maps
aren't readily available and town records are incomplete, The photo

count an” cruise methods are usually satisfactory for places of this
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. 8lze; however, in apartment-house areas the photo-count method is
. subject to more variation than the cruise procedure., If the cruising
scheme can be incorporated at the field stage, the cost is not much
greater than the ohoto count, If time permits, the photo method is
undoubtedly the cheaper, and the photos serve as maps for places

where maps are unavailable or inadequate,
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+ ITI USE OF THE MATERIALS

In the development and application of an area frame, the sampling

1) To permit the determination of the number of sampling
units to be assigned to a given area such that a prob-
abillty sample may be selected, This implies the de-
finition of the sempling unit in terms of the elements
to be identified or observed (observation unit); e.g.,
households, farms, crops, individuals, (An area sampl-
ing unit BE% 88 1s usually of no interest to the re-

the

searcher; unit of observation is the object of

concern,?) - A

2) To permlt the identification in the field of a parti-
cular sampling unit which-has been selected, (Each
observatlion unit, in turn, must be identifiable with
one, and only one, sampling unit, The area sampling
unit is merely & convenient form of insuring that
each observation unit has a known probability of
gselection),

The latest available information, usually published Census data,
i1s used for the first purpose.l

District maps and listings, aerial photographs, and delineated high-

way maps comprise materials for the second purpose, although they may

also be used to some extent for the first,

Specific uses of the sampling materials for both purposes are
discussed and illustrated step by step in the sampling procedure,
The methods of identifying the selected sampling units is indepen-
dent 6f the sample design and will be described only fora gtratitieq
random sample of households in Buncombe County, North Carolina.

A, Size of The Sampling Unit

If the sampling materials described are used, the size of the
sampling unit can be made almost any size desired, The question
the survey statistician must answer is which of a number of alter-

native sizes should be chosen, The answer to this question depends

1 See Appendix I for Census definitions and sources of data,

Block Statistics, Census Enumeration
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upon a number of factors: the purpose of the survey, characteristics
of the observatlion unit, the variability among sampling units of a
glven size, the sample design; the field work plan; and cost. The
next step is to select a size of sampling unit in terms of an average

(expected) number of observation units per area sampling unit.

In general, for a given size (bulk) of sample, & small unit is
more precise than a large unit, yet it 1s also more expensive, If
the optimum unit 1s defined as that which gives the greatest precision
at a glven cost, and if cost and variance estimates are available,
the size of the optimum unit can be estimated, See Cochran (1953),
However, in many situations the information necessary to make such
& decision is not available and the selection has to he based upon
experience, In general population surveys, the average size of
the sampling unit usually varies between 3 and 6 households, The
size of the sampling unit will vary in other types of surveys de-
pending upon the purpose and available resources,

For this example, consideration of the factors affecting the
size of the sampling unit led to the selection of an expected size
of approximately four households per sampling unit. On the basis
of 32;8u9 households in the universe, a sampling rate of about 1
in 100 should result in obtaining approximately 328 interviews -

82 sampling units, of expected size l, in the sample,

B, Allocation of The S8ampling Units

The number of sampling units assigned to a universe depends,
of course, on the expected size of the sampling unit and the sample
design,

In this example, the universe; Buncombe County, is stratified
by the three zones; Urban; Rural Place, and Open Country. From

Census information, the 1950 number of 0DUs in Buncombe County



*per stratum ere:

Urban 16;u8u
Rural Place 1;9&7

Open Country
(by subtraction) ik,L18
Total 32;8h9

Dividing the number of ODUs in each stratum by L, the expected
8ize of the sampling units, establishee the number of sampling units
in the universe by stratum. In forcing the numbers of sampling
units in the sample to be integral numbers in each stratum, the -
expected size of the seampling unit in each stratum now differs

slightly from lL:

Original Allocation Adjusted Allocation

Number Number Expected Number Expected
Stratum of ODUs +.0of SUs Size of SU of SUs Size of SU
Urban 16,484 L,121 1. 0000 ly, 100 u;oaos
Rural Place 1,947 1487 3;9979 500 3,890
Open Country 1,418 3,600 u;oooé 3,600 14,0050
Total 32,849 8,212 1y, 0001 8,200 u;006o

The adjusted allocation is made to conform with the sampling
rate of 1/100, i.e., the application of a 1/100 sampling rate will
allow exactly an integral number of sampling units to be drawn in
each stratum, Thus, L1 sampling units will be selected from the
Urban stratum, 5 from the Rural Place stratum and 36 from the

Open Country stratum.
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Total number Sampling Number of
Stratum of SUs _Rate SUs_in Sample
Urban 11,100 1/100 L1
Rural Place 500 1/100 5
Open Country 3,600 1/100 | 36
Total 8,200 1/100 82

The ultimate size of the sampling unit absorbs the small vari-
ation caused by rounding and does not introduce any bias in the

procedure nor eny change in the expectation in terms of total sample

>households. The exnected number of 328 households may not be rea-

lized when the survey 1s actually conducted because of sampling
error and change in the measure of size since 1950,
Further allocation of the sampling units to places and assign-

ment of serial numbers to the sampling units are:

' No, Cumulative  Cumulative SU Serial

URBAN of ODUs ODUs SUs Numbers Assigned
Asheville 15,029 15,029 3738 0001 - 3738
Urban Fringe _1,l4505 16,481 L1100 3739 ~ 1,100

Total 16;&84
RURAL PLACE
Biltmore Forest 178 178 L6 001 - 0h6
Black Mountain LO7 585 150 oL7 - 150
Juplter 37 622 160 151 - 160
Enka 187 1109 285 161 - 285
Weaverville 315 2l 366 286 - 366
Swannanoa-
Grovemont _523 1947 500 367 - 500

Total 1947
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‘ Using Enka as an example of the assigmment of SUs to the

Rural Places, the number of cunulative ODUs up to Enka 1is 622,
This figure divided by the size of SU for Rural Place, 3.89&0; is
159.7 or 160 when rounded to the nearest whole number, The number
of cumulative O0DUs through Enka is 1,109, The quotient; 1109
divided by 3,8940 1s 281.8 or 285 The difference between 285
and 160, 125, is the number of sampling units assigned to Enka,

In the Open Country, the INOD total count is 12;78&. The
total number of sampling units assigned to the Open Country is
3600, Therefore, each sampling unit in the Open Country has an
expected INOD size of 3.5511; In other words, for every 3,5511°
INOD we expect about L ODUs; By following the procedure in the
preceding paragraph; the number of SUs assigned to each division
‘ in the Open Country is as follows:

Cumulative Cumulative SU Serial
Division INOD I NOD No, of SUs Nurbers Assigned

1 1,950 1,954 550 0001 - 0550
2 1,826 3,780 1064 0551 - 1064
3 1,479 5,259 1181 1065 - 1481
L 2,792 8,051 2267 82 - 2267
5 1,51, 9,565 269l 2268 - 2694
6 476 10,041 2828 2695 - 2828
7 1,470 11,511 3241 - 2829 - 3241
8 1,273 12;78u 3600 3242 - 3600

Total 12,784

C, The Sampls Draw

. With the assigmment of sampling unlts, 1t is now possible
to make the sample draw and to identify, within fairly broad

P
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‘- geographical limits, the location of the selected sampling units,

It should be emphasized that the gelection is based on sampling

units, not on ODUs or on INOD, The selection of a particular
sampling unit defines it uniquely; although at this stage it can
be located only within a fairly broad area, Later, the identifi-
cation process will be defined such that a particular unit can

be located exactly,

The actual sample draw involves the use of random number
tables to choose those sampling units which are to be designated
as units in the sample, In the Urban stratum, L1 numbers between
1 and L4100 are selected at random and recorded in the order of draw,
Similarly in the Rural Place stratum; five units are selected at
rendom out of 500 and in the Open Country, 36 units are selected
at random out of 3600,

The first two numbers selected in the Urban stratum are 2098
and 3800, Number [98 is ths first selectad in the Rural Place
stratum and numbers 1269 and 1088 are the first two in the Open

Country stratum., In the Urban stratum, SU #2098 falls in Asheville

city, SU #3800 falls in the Urban Fringe, and is the 62nd sampling
unit in the Urban Fringe (3800 - 3738; the number in Asheville, =
62); Similarly SU #498 in the Rural Place stratum is the 132nd
unit located in Swammanoa-Grovement; in the Open Counbtry, SU #1269
is the 205th sampling unit in Division 3 and SU #1088 is the 2lth
sampling unit in Division 3, To complete the identification of
these sampling units; other materials are necessary:

1, The Urban Sample

The Block Statistics publication for Asheville 1s used to
locate SU #2098, By following the procedure outlined above for
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2llocating sampling units to the various rural places, the census

tract (ward) in which SU #2098 falls is identified,l

Number Cumulative Cumulative SU Serial
Ward of ODUs ODUs SUs Numbers Assigned
1 .;.... 1166 1166 290 0001 - 0290
2 ....;: 2927 4093 1018 0291 - 1018
3 teeeen 2290 6383 1588 1019 - 1588
b .....; 258l 8967 2230 1589 - 2230
5 e 2L.6l 11431 2843 2231 - 2843
6 :;;::; 17 12878 3203 28ll, - 3203
7 ;. R Lol 13372 3326 320l -~ 3326
8 civien 352 13724 3L14 3327 - 341k
9 e 1305 15029 3738 3415 - 3738

Total 15029

SU #2098 1s in Ward L - the 510th (2098-1588) SU of a total
of 642 (2230-1588) in that ward, The number of ODUs by bloek
is found in Table 3 - CHARACTERISTICS OF HOUSING FOR WARDS;
BY BLOCKS: 1950,

lFrom Table 2 - CHARACTERISTICS OF HOUSING BY WARDS: 1950;
Asheville, N, C, Block Statistics, 1950 United States Census

of Housing (H-EB8) (The Asheville census tract boundaries coin-

cide with the ward demarcations)
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SU Serial
Number Cumulative Cumulative Number Assigned
Ward Block of ODUs ODUs SUs V(Within Ward)
L 15 cveeese O
18 0
20 0
a 15 W5 11 001 - 011
: . . .
278 148 2031 505 .
279 26 2057 512 50¢ - 512

Thus, SU No. 2098 is the fifth (510 -505) SU of a total of 7 (512 -« 505) in
block No. 279, Ward L. Block No. 279 is bounded by South Side, French Brnad, Louic

and Depnt. A sketch of the block is given below.

‘De‘po'b
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The identification has now been completed down to a parti-
cular block, Seven sampling units have been assigned to this
block and the particular one to be defined uniquely 1s the fifth
among those seven, There are several different ways of determining
this fifth sampling unit and the cholice depends upon the parti-
cular situation and the information available, The methods fall
into two main categories: segmenting and sub-sampling, Both of
those words are, in a sense, misnomers, especially the second.
a, Segmenting A
“"Segmenting" is the division of the block into seven segments
each with definable boundaries and each containing approximately
equal nuﬁbers of ODUs,
Starting from some designated point and following some de-
signated order, the sampling units (segments) are numbered from
1 through ?. For example, the segments could be numbered start-
ing from the northeastermmost segment, proceeding in a oclockwise
direction, That one receiving the number 5 is the sampling unit
selected for the sample,
Segmenting may be accomplished in a number of different ways.
Only three of the most common proceduresare noted here,
1) If it is possible to crulse the-area, the apparent
0DUs cen be spotted on a sketch, These, then, can
be divided into seven segments of approximately
equal size in terms of ODUs,
2) Sometimes an up-to-date map of the block is~avail-
able showing the location of dwelling units, This
could then be a basis for segmenting the block,

3) If a city directory is aveilable, the block can be
segmented on the basis of addresses around the block,

In both methods 1) and 2), care must be taken to insure that

rules are made covering the assignment of all dwelling units in the
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block to a unique segment. Asgsignment cannot be arbitrary, and,
should not, of course, be left to the discretion of the inter-
viewer,
A cruise of the block might result in the following sketch
information, where X indicates a possible ODU and O indicates a

vacant dwelling unit:

o i
0 2

Apartment House

Whereas the census information listed 26 ODUs, the current
cruise information indicates 31 ODUs, Segmenting the block into
7 equal-sized segments would make segments of sizes 5, 5, 5, L, U,
4, 4 (an arbitrary but consistent rule could be made such that the
first segments are the largest in the event that exactly equal
sizes are impossible)., Delineating the segments, which are now
sampling units, and assigning sampling unit numbers meke the

sketch appear:



Sampling unit #5, which is in the sample starts at the first
house west of the apartment house on Loule, goes to Depot, along

Depot to South Side, and up to (but not including) the second

house east on South 3ide. All occupied dwelling units, including

South Side
: i
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dwelling units thought to be vacant which turn out to be occupied
and dwellings which are actually multiple units, are in the sampl-
ing unit so defined, Conversely, if the indicated ODUs are not
occupied, less than L ODUs would be in the unit;

b; Sub-sampling

Sub-sampling is & misnomer in the sense that the sample has
already been selected and the present procedure is}merely identi-
fying it, However, sub-sampling is the name in common usage.
Only two variations of this method are diseussed here:

1) The entire block can be pre-listed by the inter-
viewer and all the eligible households indicated.
"Eligible" households are those households in which
interviews are to be made according to the survey
specifications, If all households are to be in~
cluded, "all" households would be eligible, Start-
ing from a pre-designated point (say, northeast
corner of the segment)and moving in a pre-designated
direction (either clockwise or counter-clockwise)
every seventh eligible household is assigned for
interview beginning with the fifth one that is
eligible, (#5, #12, #19, #26, etc,) Had the second
sempling unit been drawn, we would have started
with the second eligible household and interviewed
every seventh household (#2, #9, #16, #23, ete, ).

1 tn cases where blocks contain a large number of sampling units
(e.g., more than ten) the household -identification is too labori-
ous to be practical, To avoid this, a chunkin procedure pro-
vides an unbiased means in selecting a Tinal sampling unit, The
large block is assigned "chunks", approximately equal in size, and
the particular chunk to be segmented or sub-sampled in the field
is marked appropriately., For example, a block containing 27 8Us
of which the 22nd is in the sample might be chunked 16, IO,CZb
The second SU of seven SUs in the third chunk is then, the 22nd
8U in the block,

The field procedure is to cruise the block to obtain an esti-

‘mate of the total number of ODUs and to locate-the ODUs epproxi-

mately on & sketch of the block. The quotient, estimated total
number of ODUs divided by the number of SUs assigned to the block,
1s the "eye-size" of the sampling unit. Multiplying the eye-size
by the number of SUs in-each chunk gives the ODU numbers for each
chunk. 1In this example, the estimated total number of ODUs 1is 77:
IL = 2,9 (eye-size); chunk 1 (10 SUs) = ODUs #1-#29, (10 x 2.9)
7 chunk 2 (10 SUs) = ODUs #30-#58
chunk 3 ( 7 SUs) = ODUs #59-#77

Chunk #3 is then dealt~with according to the procedure specified
for the smaller blocks,

itoni
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2) 1In order to save the time and cost of pre-listing
in a large area, the interviewer may be instructed
to drive around the block to locate on a sketch
what appears to be occupied dwelling units, These
ODUs are then ordered, numbered and every seventh
dwelling unit visited, beginning with the fifth,
In this procedure, 1f a sample dwelling unit does
not contain an eliéible househo2d no interview is
taken and no substitution made, If two or more
eligible households are found at what was thought
to be one dwelling unit (it received one number},
interviews are taken in all eligible households,

The materials used to locate SU #3800, which falls in the
urban fringe, are the same as those used in identifying an SU in
the Rural Place zone, The materials and procedure are described next.

2, The Rural Place Sample

If Census ED maps and informatlion have not previously been
obtained, they must now be ordered for the urban fringe area and
the rural places in which selected sampling units are located,

Some time may be saved if aerial photographs of the same areas
can be ordered at the same time., If eye estimates by cruising
the places are to be made, aerial photographs will not be needed,
The process will be demonstrated using SU #498 in the Rural Place
stratum, which falls in Swannanoa-Grovemont, an unincorporated
place,

EDs 11-6l and 11-65 comprise Swannanoa-Grovemont and have a
total of 134 SUs assigned., The Census ED materials for this place
list a total of 523 households, having heads,lu years old and over;
211 in ED 11-6L and 312 in ED 11-65, These figures do not necessari-
1y correspond exactly to the number of ODUs as it happened in this
example, but the correspondence is close enough for the assignment
of sampling units. There are an average of 3,9030 heads 1l years
0ld and oveﬁ per sampling unit, Hence, 5l SUs (#367-#L.20) are
assigned to ED 11-6l and 80 SUs (#L421-#500) are assigned to ED 11-65.
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. The sample SU is #1498 or the 78th SU in ED 11-65, This is as far as
the identification process can be taken without an aerial photograph
or an estimate of ED 11-65 from a cruising operation; VThe following

illustrations show the above process using aerial photo "ODU" counts:

A sketch of ED 11-65 is made from the Census ED map:

ger

" aererm v e St o

On an serial photo of the erea, ED 11-65 is delineated precisely:



Numbering the blocks in the sketch and counting the houses in the
' aerial photo complete the sampling frame for ED 1165,

Unnamed StT.

. Photo Cumulative Cumulative Numgtejrgeziig:gned
"Block"  "ODUs" 0DUs SUs (within ED 11-65)

1 37 37 11 01 - 11

2 83 120 36 12 - 36

3 22 142 L3 37 - L3

b 18 160 148 b - L8

5 13 173 52 Lo - 52

6 21 194 59 53 - 59

7 11 205 62 60 - 62

8 L2 27 75 63 - 75

9 17 26l 80 76 - 80

Total 26l

26, (Photo ODUs)

) B0 {Rssiened S0s)~ - 3+3 Photo 0DUs/SU
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. The ratio of the photo ODUs to the number of assigned sampling
units is 3.3, By dividing the accumulated ODUs (the photo count) by
3.3, 80 sampling units are assigned to the "blocks". The 78th SU
in ED 11-65 is the 3rd SU in block #9. The ultimate sampling unit
can then be uniquely identified by segmenting or sub-sampling in
the field. Re-examination of the photo should be made just in case
segmenting could be accomplished in the office,

The above procedure i1s identical to that of the urban Block

Statistics sampling process; except for the change in the measure
of size. In this case; the change is from the Census information

(3.8940) to the aerial photo measure (3.3). The expected size, in

terms of 1950 Census ODUs, however, remains constant throughout the
process, regardless of the measures of sizes used in subsequent
phases, \

3. The Open Country Sample

In the Open Country the procedure is analagous to the other
strata, The new measure of size introduced here is the indicated
number of dwellings (INOD) counted on the county highway map,

The first random number selected in the Open Country is 1269;
the second; 1088, Both of these units are located in Division 3.
The ratio of INOD to the number of sampling units assigned to the
Open Country is 3,5511, The INOD counts are then accumulated in
Division 3, Multiplying the rendom number by the INOD/SU ratio,
3,5511, indicates the location of the sampling units in the count

units., The assignment of sampling units to the count units is done

"in the manner described in the Urban Rural Place examples:
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From the
INOD Listing SU Serial
Random Count Cumulative Cumulative Numbers
Number x 3,5511 Unit  INOD INOD No., of SUs Assigned
1269 41506 3-2L 17 1,88 126l
3-25 22 4510 1270 1265-1270
1088 386l 3.2 25 3832 1079
3-3 30 3862 1088 1080-1088
3=4 15 3877 1092 1089-1092

- e w e o @ @ @ s G Em M W W @ W w e = - O s e e Em e o o ww W e -

Sampling unit #1269 1is, therefore, the 5th SU in count unit
3-25, Sampling unit #1088 1s the 9th SU in count unit 3-3, Despite
the fact that the product of the random number x 3.5511; 386, fell
in CU 3-4, ﬁhe allocation of integral numbers of SUs to the count
units 1s such that SU #1088 is in CU 3-3 and not, actually, in 3-l,
This feature emphasizes the fact that sampling units are sampled,
not the measure of size itselfl,

If feasible, the CUs should be segmented on the count map,
This is accomplished by dividing the count unit along natural boun-
daries where possible, To avoid excessive costs of listing for sub-
sampling, imaginary lines are sometimes used, Caution should be ex-
ercised in the use of imaginary lines, however, for the sampling unit
must be definable and identifiable in the field; In most cases,
anchoring the end-points of the imaginary lines to road intersect-
ions, road extensions, bridges, churches, etc, makes the imaginary
line easily identified in the field,

Aerial photos are excellent for segmenting the Open Country
count units., Farm roads and lanes, field boundaries, tree lines,

etc, provide good boundaries which are easily identified in the
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field., The disadvantages of serial photo use are the time involved
in picking and ordering photos and the cost of the photos.

If segmenting in the office is impractical, either segmenting
or sub-sampling in the field must be done. In some cases, the count
unit can be partially segmented; for example, CU 3-25 might be seg-
mented into 2 parts, L SUs in one, 2 SUs in the other., The 5th SU
then would be the first in the segment with 2 SUs, and finélly

identified in the field by further segmenting or sub-sampling.
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IV Some Standard Sample Designs

A. Simple Random Sampling

A simple random sample may be defined as one in which n units are
selected out of N so that each of the (g) possible samples has an equal chance
for selection., As indicated earlier, an estimate of the mean per sampling unit
is of 1little interest but estimates of the population total or estimates of the
mean per element are often desired. These estimates, and estimates of their
variance are$
The estimated population total (T)s

n,
n 1
=ow|D

T::-l-\I pe />,y (1)

alant

B e 4
where T = the estimated population total
N = number of sampling units in the universe

= number of sampling units in the sample

reciprocal of the sampling rate

q si= B
i

5= number of elements in the i-th sampling unit

yig measurement on the j-th element in the i-th sampling unit,

2
The estimated variance of the population total (sT)g

sg = N(N~n) 52/n (2)

where
2= 23y, -7/ 1)
n ny
v, = é%% ;;;yij/h = mean per sampling unit,

The estimated mean per element (¥)3

L |
Y= o 2y, :gm.
i=1 j=1 13/1=1 1 (3)



-29 -

™

Jhe estimated variance of the mean per element (s%) is approximated by

2 2
2 Nena2 }8 8, 2s
S-H-—-——y - +:—-:—-m (h)
AN A A

.

n
where sﬁ =;§§(mi-ﬁ)2/(n-l)
is]

n
n .=:Smi/n
i=l
m

n i
" <jﬂ§lyi:j - §,)(ny = ®)/(n - 1),

The estimate of the population total (T) is an unbiased estimate of the true
population total and its estimated variance is unbaised. However, vthe estimate
¥ is in reality a ratio estimate since both the rumerator and the denominator are
random variables and is subject to a bias, This bias is usvally considered to be
negligible in large samples, The expectation of the estimated variance is only an
approximation to the true variance of ¥s but again it is considered to be a satige
factory approximation in large samples,

Simple random area sampling is ordinarily used only when the universe is
confined to one of the three zones, i.e, urban, rural place or open country, For
example, in sampling for agricultural items, the universe may be limited to the

open country zone,

Be. Stratified Random Sampling

For general household or population surveys in which the universe ine
cludes all three zones, it is natural to stratify by zone since Census information
is readily available by zone, The statistical advantage in using stratified rane
dom sampling over simple random sampling is realized when homogeneous strata are
constructed so that differences between strata are removed from the sampling error,
thus increasing efficiency. Since characteristics of elements may differ by @one

we can usvally expect a moderate gain in efficiency by zonal stratification,
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A stratified random sample may be described most simply as merely a simple random
. Sample within each of k strata,

' l. General Case - Unequal Sized Strata

Estimated totals and means per element with corresponding estimated
variances ares

The estimated population total (T)s

k
Tah_%Nh§uh 5)
k T My
N
4333 ®

where Nh = rumber of sampling units in the population in the heth stratum

k = number of strata

"n "
o Tan = E Ei Tnig/

n = number of sampling units in the sample in the h-th stratum
k

n = number of SU in the entire sample = Enh ’
h=1

The estimated variance of the population total (sg):
» k
2
5p = h% My (B, = Dy /ny (7)

2 2 5
where g° = ( S Vg4 = Yo )/(n = 1),
b g Tes T ey
The estimated variance of the population total (s,i) when the within stratum

variance are equal? ;

. s§ = N(N-n)ss/n (8)
m,
i

_ k 'n
where ssn E 2 (2

= (2
i & (S Yhij * Tan) /(nek)s
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The.mean per element (¥):

k
- %,lNh s;uh
Y == (9)
Ei N, M
R
S 3 3y,

o bel =] y=1

s 3,

h=l i=] i

(10)

where m 2 m s /nh

i=1

The estimated variance of this mean per element is approximated by:

28
-2 -
. “><+ ¢ —- - =) (11)
y.m
where szwy is the within stratum mean square for y
sf’m is the within stratum mean square for m
k
7= 2 NF /N
u h=l h'uh
k
Ro= 2 NA /N,
hel B

The estimate of y, given in alternative forms in (9) and (10), is known as
the combined stratum ratio estimate., See Hansen, Hurwitz and Gurney (19L6).
This estimate is also subject to bias but it is not likely that the biag will be
serious,

It is possible, of course, to use other estimators, If the means per element

differ widely from stratum to stratum, and the sample size is sufficiently large,
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. @ separate stratum ratio estimate should be considered, See Cochran (1953),
. 2, Special Case = Eoual Sized Strata

It has been shown that only modest gains in efficiency are realized by

further geograrhic stratification, See Jessen and Houseman (18LL). However,
when the size of sample is suificiently large so that the degrees of freedom are
adequate for reasonsble precision in the estimate of the sampling error, it is
common to Ysiratify to the hilt", For this procedvre, substrata of equal size in
terms of sampling units are formed within each stratum or zone, Two sampling units
are selected at random from each stratum to provide an estimate of variance, Thus
any proximity correlation of SUs will result in a gain, vhough this gain may be
small, In addition, this method of stratification insures a reasovnable cgcatter of
the sainpling vnits, Little additional office work is required to draw a sample of
two from each of n/2 strata, The utilization of this design, however, may require
another aijustmant in the allocation of samnling units to the various Zones, since
it is new neccssary to have not only an integral nurber of sampling units, in the
sample from each stratum (zone), but this integer must be even, For example, the

new adjvsted allncabion for the three zones in Bunconde county, might be as follows$

Stratum No, of ODUs No, of SUs Size of gU No. of Sub=Strata
Urban 16,4L84 L, 200 3,928 21
Bural Place 1,947 100 L. EETs 2
Open Countzy 11,118 3,6 L ¢ 18
Total 32,8L7 8,200 14,0050 I

The average size of sampling unit is still close to four for both the Urban
and Open Country zones but is now almost five Ffor the Rural Place stratum. Since
the population is relatively large in both the Urban and Open Country there is
little effect of the adjusted mumbers of SU on the size of the 8U, However, with
the small peopulation in the Rural Place stratum an adjusiment in the number of SUs

‘ allocated to that stratum is reflected to a greater extent in the size of the SU
in that stratum, The differences in cluster sizes from stratum to stratum is no

cause for concern,
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The breakdown of the Urban, Rural Place and Open Country allocation is now
carried through as before using the new allocations and the new SU sizes, The
sample draw is made in about the same manner except that one small additional
step is required., Since there are L1 sub=strata there are exactly 200 sampling
units per sub stratum. Hence, we draw Ll sets of two numbers each at random from
001-2003 21 sets will apply to the Urban area, two to the Rural Place area and 18

to the Open Country., The draw is without replacement within a set, i.,e. no two

numbers may be the same within a given set, However, they can be repeated in a

different set, The procedure will be illustrated with the open country stratum,

Stratum Sub=stratun Random No, in Random No, in
Sub=Stratum Stratum
Open Country 1 9 2
51 51
2 127 327
el 300 230
3 8 L08 o
e 92 {592
. . .
. . .
*uﬁm_gzgm__, — ‘_lgé.rm ,,,,, ,__3522 .
~m*—£66**->w-'->~‘*-~~ 3600 )

To obtain the random munbers within the stratum for subestratum 2, we take

the numbers selected (between 1 and 200) and add 200 to them,

The two random

Adding 200 gives the 327th SU

numbers selected in sub-stratum 2 were 127 and 30,
in the open country and the 230th, Similarly in sub-stratum 3 we add LOO to
the random draw and in 18, we add 3400, After the random numbers in bhe stratum

have been calculated, the procedure for locating the selected SUs is exactly the

same as that described previously.



" The estimates and estimated variances can be computed by (5), (6), (7) and
" (8)s A shortecut method of computing aﬁ can be employed as follows when only

two sampling units are selected from each stratums

?é? mg 2

r‘/2 ( yhl - EY .)

Sy T <

R = ju1 2 (12)
he=l i

where h now denotes the particular sub=stratum., In other wofds, the square of the
difference between the SU totals summed over all n/2 strata and divided by n will

give an estimate of sﬁ. The estimate of sﬁ can then be inserted into formula (8),

3« Optimum versus Proportional Allocation,

There are two principal procedures for allocating the sample to the
various strata, These are commonly known as proportional allocation and optimum
allocation., An allocation is proportional when the number of sampling units in
the sample assigned to a given stratum is proportional to the number of sampling
units in that stratum in the universe, i.e, n, Nh’

Optimum allocation requires the assumption of a given cost function, If the
cost of enumerating in a given sampling unit varies from stratum to stratum, a

simple cost function of the form

k
c = f§ cpn, (13)

h=1

is reasonable, If such a cost function is assumed, the allocation is optimum if
the number of sampling units in the sample assigned to a given stratum is pro=
portional to the product of the number of SUs in the universe in that stratum and
the stratum standard deviation divided by the square root of the cost of emumerae

ting in an SU in the preseribed stratum, i.e. n, < Ny Oh/ e

Throughout this discussion the use of proportional allocation has been
advocated for a number of reasonsj in fact formulae (6), (8) and (10) are not

applicable unless sampling is proportional, These reasons ares
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(i) Usually estimates from sample data are made for a large number of
items (populations) for any given universe. Lach of l.eac poralat.ons
may have a different standard error thus requiring a different optimum
allocation of the sample, Since this is obviously impossible for a
given sample size, some compromise ig necessary. Often proportional
allocation is a reasomable compromise,

(i1) Even for special purpose surveys involving only one population, estie
mates of cost and variability must be available, Cochran (1953) states
"as a working rule, proportional allocation is usually to be recommended
unless the expected gain in precigion from optimum allocation, as estiw
mated in advance of taking the sample, exceeds 20 per cent,!
(iii) The sample draw is easier to make and estimates are simpler to compute, For

example compare formula (6) with (5) and (8) with (7). A stratified
random sample with proportional allocation ié sometimes known as a

"self-weighting sample’,

Ue Two=-Stage Sampling

In order to reduce costs and/or to take advantage of the availability
of field crews at certain branch locations, sampling is sometimes carried on in
stagess That is the universe will be divided into fairly large geographical areas
denoted as first-stage units (FSUs), Perhaps the most commonly used first-stage
unit is the county, Within each F5U, second=stage units (SSUs) are constructed,
In practice one or more FSU are selected in accordance with a prescribed procedure
and within these sample FSU, one or more sample SSUs are selected, The SSUs
correspond to the area sampling units used in earlier discussion, A two-stage
sampling system has the characteristic of concentrating the sample around several
"sample points" rather than spreading it over the entire universe, In general,
the two-stage sample will be less precise than a stratified random sample of the
same size (in terms of SSUs) but if the cost is considerably less, the twomstage

system may be more efficient,
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1. Selection of the First-Stage Units with Unegual Probabilities

-~

a, One Sample FSU per Stratum

At this writing the sampling system enjoying most favor in large scale
surveys 1s one first advocated by Hansen and Hurwitz (19L3) and is designed as
followss

(i) Determine the rnumber of FSUs or sampling points desired. This
decision may be based upon the field organization or perhaps the

cost, Rarely is information available on which to make an optimum

choice,

(ii) Construct strata equal in number to the FSUs where the FSUs comprising
each stratum are contiguous. A measure of size, which we hope is highly
correlated with the principal items of interest, is attached to each
FSU. Then one FSU is selected at random from each stratum with
probability proportional to this measure of size,

. (iii) From the overall sampling rate desired, the mumber of SSUs required
in each selected FSU is computed as follows:

gP

hr
Pyr © -ZB;- (ah)
where Phr = the universe number of SSUs in the r)c'h FSU in the
hth stratum
Y0 poy in the n™ stratum

By = the sample number of SSUs in the r

g = the overall sampling fraction in all strata

th

Zhr = the probability of selecting the r " FSU, where the

Zhr summed over r equals 1 in each stratum,

Note two points.

(1) We need to know P for the selected FSU only,
P,
® (L) I£ 2 by

hr Py
th

where P, is the universe number of SSUs in the h

h stratum.‘
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r Then
: Ppy = 8Fy. (15)
In this situation, no matter which of the FSU are selected in the

hth

stratum, the number of SSUs in the sample will be the same,
Further, if all Eh are equal, i.e. we construct equal sized strata,
the sample size will be the same in each stratum,

The estimated population total (T)s

k Phr Mpi

r=2 2 23 3y, (16)

€ hel i=1 j=1

which 1s simply the sample total multiplied by the reciprocal of the overall
sampling fraction, No unbiased estimate of the variance of T is possible from
sample data.

The estimated mean per element (¥) s

¥ Prp Mg
23 Eyhij

= _ h=l i=] el '
¥ - (17)

> Emhi
h=l i=1

which is the sample total for ¥ divided by the number of elements in the sample.
Again no unbiased estimate of variance is possible,

b. Two or More Sample FSU per Stratum

Those who favor selecting one FSU per stratum argue that stratification
is desperately needed and state that they are willing to sacrifice unbiased estim
mates of variance in order to receive a gain in precision., As indicated above,
the use of such a system does not permit its internal evaluation; hence, the valide
ity of that argument cannot be ascertained from sample data, There are many, how-
ever, who are net satisfied with biased estimates of error. Further, there is

Some evidence that geographic stratification results only in moderate gains in



predision., Therefore, considerable work has been done on developing sampling

" systems which will take advantage of the measures of size in assigning unequal

. probabilities but will allow an unbiased estimate of the sampling error., The
recent literature includes Horvitz and Thompson (1952) s Yates and Grundy (1953),
Sen (1953) and Des Raj (1956) who cite a number of additional references.

A wide range of selection probabilities and various estimators for each have
generated a large number of sampling systems for which unbiased estimates of
variance can be obtained from sample data, Adequate treatment of this subject is
beyond the scope of this handbook. The sample draw and the estimate of the total
will be illustrated below for one such system falling in this category. For fure
ther details, including variance estimators, see the references quoted immediately
above,

In this design two FSUs are selected without replacément within each stratum

the first at random with probability proportional to some measure of size, th s

. where

Prr My

e = > 2 Hrd 57 (18)
i=l j=l
and the second at random from those remaining with squal probability. This is
equivalent to forming all possible pairs within a given stratum, obtaining a
sum of the sizes for each pair, cumulating thess sums and finally selecting cne
pair with probability proportional to its sum. The SSU§ are to be selected with
equal probability and without replacement. Then

e
Py = %_hhf (19)

where
Pprs 8 and Phr are defined as before and Z'hr is the a priori probability

. of including the rﬂ FSU in the sample of two FSU. This probability is

sometimes referred to as inclusion probability as contrasted with
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selection probability., For example, suppose we have three FSUs in a

given stratum with the following values for the auxiliary veriable:

FSU X
1 7
2 2

= =

Sum 10

Then 2}, = (7/10)(1/2) + (2/10)(1/2) + (7/10) (1/2) + (1/20)£1/2) = 17/20

An unbiased estimate of the population total (1)
k ™ Phr Mhri

1 =
T 8 o 2 1 4‘ ; y + » (20)
€ pai ro1 {5 453 “hrid

where n = 2 = the number of FSU selected per stratum,

The estimated mean per slement (¥):
Kooy Py Mg

Q9O
< & L < Ynpiy

hel ral is=1 jel
21
< Ty P =

N
:2 > > Mri
h=l re=l j=l

<

2. Bslection of the First-Stage Units with Equal Probability

It is possible, in an entirely different manner, to take advantage of the
measures of size which may be available for counties, townships or other poliw
tical or geographic subdivisions. As indicated earlier, two-stage sampling is
popular in large scale sample surveys because the SSUs are clustered at sample
points thus reducing the cost and making use of any existing field staff. It is
possible to create FSUs of equal size, in terms of SSUs so that the objectives
of two~stage sampling are achieved, yet the design becomes a simple "mested"
sample, The construction of the FSUs is accomplished in exactly the same manner

as the construction of the equal sized sub-strata described in IV-Be2,
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The sample FSUs are selected at random from the universe (or within a
stratum) without replacement and with equal probability. This is a special case
of sampling with probabilities proportional to size; here all FSUs are of equal
size. Within each sample FSU, the same number of SSUs are selected at random
without replacement and with equal probability. The SSUs are then identified on
the map in the usual manner. The SSUs, and hence the observational units, will bve
clustered together in much the same manner as for the selection of the FSUs with
unequal probability. However, ihstead of being contained entirely within a
county, SSUs within the same FSU may be found in parts of adjacent counties
since political boundary lines are ignored when the FSUs are constructed. This
increases the initial map work in the office prior to the field work and adds a
little expense for extra maps and attendant materials; however, the analysis ~-
particularly the estimation of the sampling error -~ is much simpler. An unbiased
estimate of the total assuming stratification with proportional allocation and two
FSU per stratum is exactly the same as (20), i.e. the estimated total in the
population is the product of the reciprocal of the sampling rate and the sample
total. Similarly, the estimate of the mean per observational unit (§) is the
same as given in (21)., Both n, and Pyr will be constants under this system, and
can be replaced by the appropriate constant when decided upon.

The estimated variance of the total (sg) can be taken directly from the

analysis of variance.

Source of Variation Degrees of Freedom Mean Sguare
Between Strata k -1

Between FSU in Strata k(n~1) B
Between SSU in FSU kn(p-1) W
Total knp - 1



" Then
2
2 (XP) “B .

where N = number of FSUs in the universe

P = number of SSUs per FSU in universe.

If n/N, (the sampling rate of FSUs) exceeds .05, the finite population correction

factor should be applied, in which case (22) becomes

2
s2 = %‘;3,.)_ [(%‘9)8 + (BB w] (23)

In concluding this section on the use of the materials, treatment of some
sampling systems has been necessarily inadeqﬁate for the researcher to apply
without some knowledge of sampling, No attempt has been made to prove the results
shown here, nor in many cases, to explain the rationale behind the use of a
particular design. Therefore, as in the case with any "cook book" type of
exposition, caution must be exercised in the selection of the ingredients. If a
problem has unusual features which may complicate the design, the advice of a

trained sampling statistician may prove worthwhile.
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APPENDIX

A. CENSUS DEFINITIONS

1. Urban and Rural Residence - Urban housing comprises all dwelling units
in (a) places of 2,500 inhabitants or more incorporated as cities, boroughs, and
villages, (b) incorporated towns of 2,500 inhabitants or more except in New
England, New York and Wisconsin, where "towns" are simply minor civil divisions
of counties, (c) the densely settled urban fringe around cities of 50,000 inhabi
tants or more, including both incorporated and unincorporated areas, and (a)
unincorporated places of 2,500 inhabitants or more outside any urban fringe. The

remaining dwelling units are classified as rural,

The rural classification comprises a variety of residences, such as isolated
homes in the open country, dwelling unite in villages and hamlets of fewer than
2,500 inhabitants, and some dwelling uvnits in the areas surrounding urban places
of fewer than 50,000 inhebitants.

2. Farm and Non-Farm Residence - In the 1950 Census, the enumerators in
rural areas were specifically instructed to base the farm-non-farm classification
of & dwelling unit on the respondent's answer to the question, "Is this house on
a farm?" Farm residence is therefore determined without regard to the occupation
of the members of the household. The classification depends upon the respondent's
conception of what is meant by the word "farm", and consequently reflects local
usage rather than the uniform application of an objective definition. For this
reason, there is considerable veriability of response among families living in
areas where farm operation is part-time or incidental to other activities,

Dwelling units located on farm land for which cash rent was paid for the
house and yard only, and dwelling units on institutional grounds and in summer
camps and tourist courts, were classified ag non-farm, regardless of the answer
to the above question.

In rural arees, dwelling units are classified into rural-farm units which
comprise all dwelling units on farms, and rural-non-farm units vhich are the re-
maining rural units. In most areas, virtually all farm housing is in rural areas,
Therefore, housing characteristics are shown in this report for rural-farm dwell-
ing units inetead of for all farm units. Urban-farm dwelling units are dwelling
units on farms within the boundaries of urban areas. Such farms constitute only
1.5 percent of the total farm dvelling units in the United States.

3. Types of Places - The term "place" refers to a concentration of popula-
tion regardless of legally prescribed limits, powers, or functions. Thus, some
areas having the legal powers and functions characteristic of incorporated places
ere not recognized as places.

In & majority of instances, however, the legally prescribed limits of incor-
porated places serve to define concentrations of population.
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In addition to incorporated places, the 1950 Census recognizes 1,430 unin-
corporated places, These unincorporated places, which contain heavy concentrations
of population, are recognized as places by virtue of their physical resemblance to
incorporated places of similar size. To make this recognition rossible, the Bureau
of the Census has defined boundaries for all unincorporated places of 1,000 in-
habitants or more which lie outside the urban fringes of cities of 50,000 inhabi-
tants or more. Because local practice as to incorporation varies considerably
from one part of the country to another, some States have very few if any such
unincorporated places and others have a great many. Although there are also un-
incorporated places within the urban fringe, it was not feasible to establish
boundaries for such places, and, therefore, they are not separately identified.

- Urban places are lncorporated places which had 2,500 inhabitants or more and
those unincorporated blaces outside of urban fringes which had 2,500 inhebitants
Oor more on April 1, 1950, 1In many states, the number of dwelling units in "urban
places" is somewhat less than the total urban. The difference comprises dwelling
units in those portions of urban fringes that are incorporated places of less than
2,500 inhabitants or are unincorporated. :

Places of 1,000 to 2 500 inhabitants comprise incorporated places and those
unincorporated places outside urban fringes which had from 1,000 to 2,500 inhabi-
tants on April 1, 1650. 1In l9h0, places of this size for which data were pre-
sented were limited to incorporated places.

L, gtandard Metropolitan Areas - Except in New England, a standard metro-
politan area is a county or group of contiguous counties which contains at least
one city of 50,000 inhabitants Oor more, Counties contiguous to the one containing
such & city are included in & standard metropolitan area if according to certain
criteria they are essentlally metropolitan in character and socially and economi-
cally integrated with the central city. Standard metropolitan arees are not con-~
fined within state boundaries nor within region or division boundarieg, For states
having standerd metropolitan arees, the constituent counties are found in tables
17 to 21 in the state chapters,

5. Urbeanized Aress - Each urbanized area contains at least one city with
50,000 inhabitants or more in 1940 or according to a special census between 1940
end 1950, Each urbanized area also includes the surrounding closely settled ine
corporated places and unincorporated areas that comprise its "urban fringe." The
boundaries of these fringe areas were established to conform as nearly as possible
to the actual boundaries of thickly settled territory, usuelly characterized by a
closely spaced street pattern., Like standard metropolitan areas, urbanized aress
are not confined within state boundaries, nor within region or division boundaries,
A complete description and s map of each urbanized area of a state is at the end
of the state chapter,

The urbanized area can be characterized as the physical city as distinguished
from both the legal city and the metropolitan comnunity. 1In general, the urbanized
area represents the thickly settled urban core of the standard metropolitan area,
Urbanized areas are smaller than standard metropolitan areas and in most cases are
contained in them, Since the boundaries of standard metropolitan areas are
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aetermined by county lines and those of urbanized areas by the pattern of urban

growth, there are small segments of urbanized areas, in a few instances, which
lie outside the standara metropolitan area.

6. Dwelling Unit - In general, a dwelling unit is s group of rooms or a
single room occupled or intended for occupancy as separate living quarters by a
family or other group of persons living together or by a person living alone.

Ordinarily, a dvelling unit is a house, an epartment, or a flat. 4 dwell-
ing unit may be located in a structure devoted to business or other nonresidential
use, such as quarters in s warehouse where the watchman lives, or a merchant's
quarters in back of his shop. Trailers, boats, tents, and railroad cars, when

~ occupied as living quarters, are included in the dwelling unit inventory,

A group of rooms, occupied or intended for occupancy as separate living
quarters, is g dwelling unit if it has separate cooking equipment or & separate
entrance. A single Troom, occupied or intended for occupancy as separate living
quarters, is a dwelling unit if 1t has separate cooking equipment or if it con-
stitutes the only living quarters in the structure. Each apartment in a regular
apartment house is g dwelling unit even though it may not have separate cooking
equipment. Apartments in residential hotels are dwelling units if they have
separate cooking equipment or comsist of two rooms or more,

Living quarters of the following types are not included in the dwelling unit
inventory: rooming houses with five lodgers or more, transient accommodations
(tourist courts, hotels, etc., predominantly for transients), and barracks for
vorkers (railroad, construction, etec.). Living quarters in institutions (for
delinquent or dependent children, for handicapped pversons, for the aged, for
prisoners, etc.), general hospitals, and military installations are likewise ex-
cluded from the dwelling unit inventory except for dwelling units in buildings
containing only family quarters for staff members,

7. Occupancy Characteristics -

(a) Occupied dwell;ggLunit - A dwelling unit is occupled if a person or
group of persons wasg living in it at the time of enumeration or if the occupants
were only temporarily absent, as for €xample, on vacation, However, a dwelling
unit occupied at the time of enumeration by nonresidents is not classified as
occupied but as a "nonresident" dwelling unit,

Hougehold - A household consists of those persons who live in a
dwelling unit; by definition, therefore, the count of occupied dwelling units is
the same as the count of households, Hovever, there may be small differences be-
tween these counts in the Housing and the Population reports because the date
were processed independently,

(b) Nonresident dwelling unit - A nonresident dwelling unit ig a unit
which is occupiea temporarily by bersons who usually live elsewhere. Nonresident
units are not included with occupied dwelling units,

(¢) Vacant dvelling unit - A dwelling unit is vacant if no persons were
living in it a¥ the time of enumeration, except when its occupants were only tem-
porarily absent,
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E. HOUSING DATA SOURCES

‘ Housing data are compiled for the following geograrhical and political divisions,

1. Continental United States

2. Regilons an divisions

3. States

4, State Economic Areas - State economic areas are relatively homogeneous
subdivisions of states. They consist of single counties or groups of counties
which have similar economic and social characteristics, The boundaries of these
areas have been drawn in such a way that each state is subdivided into a few prarts,
with each part having certain significant characteristics which distinguish it
from the other areag which it adjoins. The L8 states have been subdivided into
501 state economic areas. In any one application, the number of areas is substan-
tially reduced by combining some areas,

5. 8tandard Metropolitan Areas

6. Counties

7. Urbanized Areas

8. TUrban Places

9. Rural Places of 1 000 to 2,500 Population

10. Census Tracts - Census tracts are smail areas, having a population
usually between 3,000 and 6,000, into which certain large cities (and sometimes
their adjacent areas) have been subdivided for statistical and local administrative
burposes, through cooperation with a local committee in each case, Although this
subdivision into tracts has been more or less arbitrary, several principles have
been followed in laying out the tracts for each city. The tract areasg are estabe
lished with a view to approximate uniformity in population, with some consideration
of uniformity in size, and with dye regard for natural features, Each tract is

‘ designed to include an area feirly homogeneous in population characteristics, In
cities where the ward lines are infrequently changed, the tracts may form subae
divisions of the wards, but they are usually laid out without regard to the ward
boundaries,

11, Block Statistics - Block statistics are tabulations of housing charac-
teristics For areas as small as city blocks, They are available in separate re-
ports for 209 cities which, in 19&0, or in a subsequent census prior to 1950, had
a population of 50,000 or more.

These publications are availsble at the Government Printing Office. Price
lists are sent upon request to that agency.

12, Enumeration District - (ED) An enumeration district is the geographic

eration In the Census of Population and Housing. These districts are

basically the territories laid out as work assignments for the census enumerators

of the ED's and photostatic copies of machine tabulations of propulation character-
istiesfor each ED, Among these population characteristics is the number "All
Heads, 14 yrs, +", which corresponds (though not exact) to the number of occupied
dwelling units, Some of the maps used by the Census are copyrighted and cannot be
reproduced., In these cases, maps must be supplied to the Geography Division.

Enumeration district boundary descriptions may be obtained at less cost than
the ED maps, However, MCD and voting precinct lines often used in the descriptions

‘ do not appear on available maps.,
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AERIAL PHOTO SERVICE
l. Commodity Stebilizations Service

‘Western Laboratory

Performance and Aerial Photography Division
Commodity Stabilization Service

U. 8. Department of Agriculture

167 West Second South, Salt Lake City 1, Utah

For photographs of these states:

Arizona Kansas North Dakota
California Montana Oregon
Colorado Nevada Utah

Idaho New Mexico Washington

Eastern Laboratory

Performance and Aerial Photography Division
Comuodity Stabilization Service

U. 8. Department of Agriculture

Weshington 25, p. ¢,

For all other states.

Soil Conservation Service

Director, Cartographic Division
Soil Conservation Service

U. S. Department of Agriculture
Washington 25, D, C,

Wyoming



