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TiE MASTELR 3SaMPLI CF AGRICULIURC#
I. DEVELOFMENT: AND USE

By A, J. King

Bureau of Agricultural Economics, and
‘ Statistical Laboratory, Iowa State College

The demand for accurate and timely information during the war has hastened
the development of a new and efficlent method of sampling. This method
which has become known as "area sampling,” is adaptable to many kinds of
surveys where the sampling units are visited personmally. At the Statistical
Laboratory, Iowa State College, a Master Sample that will facilitate the
designing and use of future area samples has been developed by the Bureau
of Agricultural Economics and the Bureau of the Census. In developing
the Master Sample, materials which are difficult to obtain have been
collected .and asgembled, and much of the time-consuming clerical work
requirediin designing area samples has been done; thus with the Master
Sample it is now possible to design other aréa samples quickly and
efficiently. The size of the Master Sample makes it possible to plan
surveys so that no particular group of farms will be overburdened with
interviews from different government agencies. Furthermore, the accu-
mulated information obtained from the surveys taken will provide a clear-
ing house of information for the various agencies using the sample., Such
information in some cases will make it unnecessary to ask the farmers
more than once for the same facts. The information will also be used

to reduce the sampling errors of subsequent surveys.

Methods of sampling used in the past.--Among the most popular.metheds

of extensive samp?h used in the nast, tiree are of spacial interest
for comparison with area sampling; these are the mailed inquiry, the
random point, and the quota method.- All three have two basic weaknesses.
In the first place, when applied, they usually give biased samples of
the population under study. Secomdly, they usually depend upon histcrical
information as a basis for expansion. For example, meny farm sample
inquiries are designed merely to obtain an estimate of some average,
such as a mean of an item per farm, which for an estimate of a total,

is multiplied by a guessed, an assumed 6r an estimated total number of
farms, These guesses, assumptions, or estimates are usually based on
the last-published census figure. The census data are from one to two
years old at time of publication and seven years may pass before new
information becomes available, If the number of farms has changed

in the meantime, any estimates based on this quantity is in error.
Farthermore, if the census number of farms is used as a basis for
expansion, it is essential that the definition of the farms in the
sample be consistent with that used in the Census. Otherwise an
additional bias may occur. This restricts the usefulness of the three
methods because the farm definition used in the Census is not satisfactory
for all kinds of inquiries,
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The mailed inquiry 1s generally accomplished by sending schedules to a
predetermined list of persons or by having them distributed by mail
carriers as they travel their routes. This method of sampling has been
popular among federal agencies because it i3 eagy to administer and does
not require a field force of enumerators, A large number of returns can
be obtained at a low cost. In spite of its susceptibility to serious
bias the method has been widely used where a large number of reports are
required to estimate agricultural inventories which vary greatly from
farm to farm, and also where geographic detail is needed., In these cases
the smaller sampling error due to the large number of reports offsets
somewhat the effect of the biases which are not taken care of in the
estimation procedure,

Mailed inquiriesshave very definite limitations. The short questions

that must be used are not feasible in many surveys which require indi-
rect questioning, -such as attitudinal surveys, or where questions are
technically difficult, as in many farm management inquiries. Results
from mailed inquiries are usually biased because it is difficult to obtain
returns from those who are indifferent or who have writing or language
difficulties.

The quota method of sampling is familiar to almost everyone because of

the greater amount of publicity that it has recelved by its use in elec~
tion forecasts, public opinion polls and marketing surveys. In this P
method th® ropulation is divided into a number of strata or cells, and A
the sample is drawn proportionately from each cell. The number of

sampling units required in each cell is called the quota for the cell.
Ordinarily the méthod is relatively simple to prepare, but it has soms
weaknesses which may be serious for many inquiries, The quotas Which

are set up to be filled by the enumerators are usually based upon census
and other information. Since the census information is historical, the
quotas may not be in agreement with actual population proportions at the
time of inquiry, In periods of rapid change, such as in depressions and
wartime, these quotas may result in biased samples, Then too, the selec=
tion of the individual within a quota group is left to the descretion

of enumerators and this may lead to biased selection of individuals.
Furthermore, this method is limited because it depends upon the Census

as a basis for expansion,

The random«point method of sampling became popular for a few years but it

is now probably losing favor for locating farms, In this method, points

are located at random on maps and a certain number of farms nearest the
points are included in the sample, A sample using this method can be quickly
designed, Furthermore, the cost per schedule can be reduced by enumerating
more than one farm at each point in order to reduce travel among farms,

The returns are biased, however, because the random points are more likely

to fall upon the large farms than on the small ocnes. Therefore, more compli-
cated estimation procedures must be adopted and msome outside information

must be available both for removing bias and as a factor in estimating totals.
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It is realized that in a particular inquiry a biased method of sampling
may still give more accurate information per dollar spent, provided that
a substantial number of returns can be obtained cheaply, However, since
the Master Sample was designed to provide the basis forfa larger number.
of surveys on many different topics, it was considered desirable that
the sample should be free from bias.

In the area sampling with #thich we are concerned the sampling units are
samll areas and every unit of observation is uniquely associated with

one and only one such area. Furthermore, the total number of such area
sampling units in the populatlon is presumably known so that the pro-
portion samples (i.e. the sampling rate) is kn To obtain an unbiased
selection of farms we may select those whose headquarters are located
within the boundaries of the sample area regardless of where the boundaries
of the farm may extend (7). Similarly, an unbiased selection of persons
can be obtained by taking all who reside within the sample area. As a
Turther example, an unbiased selection of land area may be obtained by
selecting for measurement all land confined within the boundaries of

the sample areas (9), (10)., Finally, an unbiased selection of fields
may be obtained by taking those fields which have their northwest corners
within the boundaries of the sawple area.

Area sampling may be extended to provide the primary selection of units

of observatiems which are then subsampled, The subsampling is usually
accomplished either by a further sampling of smaller areas or by making

a prelist of individuals; from this a small and possibly stratified

sample may be drawn for a more lengthy interview, This method of sampling
is commonly used by the Bureau of the Census and some others in sampling
cities, counties, or other areas where the blocks are the areas which

are prelisted and subsampled., The subsampling scheme is also contemplated
for the Master Sample for its basic data can provide the necessary prelist
information without the field work usually required,

Use of areas in sampling was widespread in Europe during the 1920's and
early 1930's by Bulgaria (1), Italy (3), Poland (11), Sweden (5), etc.

In all these samplings the areas were relatively large and often pur-
posively selected. Jerzy Neyman (11) in his paper published in 193k
recommended: (1) that in general the stratified randem selection ef.
sampling units is preferable to purposive selection and (ii) that the
sampling units should be small and widely scattered for maximum sampling
efficience, In the later 1930's some experimentation with area sampling
of farms was undertaken by members of the Bureau of Agricultural Economics
and the Bureau of the Census, In the Bureau of Agricultural Eccnomics

an investigation initiated by Sarle (6) in 1936 was designed in part to
study the sampling efficiency of the survey section as an areal unit
compared with that unit comprising single farms and strings of from two

to ten farms, J, B. Shepard in 1937 suggested that an agricultural sample
census be taken (12) using the township as the sampling unit. Angther
investigation, initiated by Sarle {13), was directed to study the effi-
ciency of the township as a sampling w:it. Bansen has indicated that

the Bureau of the Census alzo used the area method of sampling in 1936-~37.
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In most of these sampling investigations, it was generally hoped that

the large area, such as the township, would win out over the smaller

unit but nearly always the latter was found to be the more efficient.

In 1937, a new use of area sampling was introduced for sampling crop
acreages, This schems, which appears to have originated independently

in India (10) and in this country (9), requires the measurement of crop
acreages contained within the sample areas, which in both of these samp-
lings were relatively small, The study in this country was made possible
by the extensive use of aerial photographs. The areas of fields in
crops or parts of flelds lying within the boundaries of the area units
were measured on aerial photographs., In 1938 and 1939, Towa State College
cooperating with the Bureau of Agricultural Economics made two statewide
farm surveys (7) in which the quarter-section was used as the sampling
unit, "Each farm with “ts farmstead fall within the unit was emumerated.
Later in 1940 and 1941, statewide surveys (8) were made in Iowa and
Arkansas by a large field force of WPA workers, using the survey section
as sampling wnit, In 1942, the Bureau of Agricultural Economics made
surveys in California, Fldrida and New Jersey to obtain farm labor infor-
mation (8). The Bureau of the Census in 1942 used the area method

plus a subsampling scheme (2) in their new sample for estimating the
United States labor force. About the same time, members of the Bureau
of the Census (L) extended and further developed the theory for sub-
sampling. Along with studies on the statistical efficiencies of areal
units of different siges, it has been found by Mahalancbis (10) and
Jessen (7) that consideration should be given to cost because it too is

a function of size.

Advantages and disadvantages of the area method.~-It has been shoun by
Jessen Eﬁa others that the area method gives an unbiased sample for agri-
culture., It has the further advantage that the units of observation are
clustered in such a way that the sampling error can be minimized on the
basis of cost. The reduction in cost is accomplished by reducing the
travel betwesn farms. The method is also adaptable to such modern
techniques as stratification, double sampling and subsampling for re-
ducing the sampling errors. An expansion factor available to the area
method is known without.error because the total number of sampling areas
in the population may be determined by simply counting them on the maps.
Hence, it 1s not necessary to bring in outside information which may be
inaccurate (e.g., census data which may be out of date) in order to make
total estimates. For agriculture it has the further advantage of giving
an estimate of the number of farms which is seldom known with satisfactory
accuracy. If repeated samples are taken, the correlation that usually
exists on sample areas from year to year can be utilized in the area
method to reduce the sampling error by appropriate sample dasigns and
estimation procedure. The gains available by such a technique have been
shown by Jessen {7) to be of considerable value. Designs of this sord
are not free of bias if the sample units counsist of farms, because firms
are not permanent through time as are areas, aisi fuerm# coming inte ox
going out of existence may differ greatly from those of more permesnent
character,
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The area method has certain disadvantages which are more operational
than theoretical. It requires maps of detail sufficient to allow the
delineation of the sample areas which may be located easily and accu-
rately by the enumerator in the field. At the present time such maps
are not always available, It is, therefore, advisable in some parts of
the country to supplement the best available maps with aerial photographs,
especially when the smaller, more efficient unit is used in the non-
surveyed regions of the country. These requirements lead to several
gpecific difficulties. In the first place, there is no single source
from which the best available maps may be obtained, This causes great
expenditure of time and muney to bring them together. In the second
place, although a large part of the United States has been photographed
by the Agricultural Adjustment Agency and other agencies, there is the
additional cost and time required to cobtain reproductions of the photo-

graphs.

Another disadvantage of the area method is that, given maps of sufficient
detail, it takes time and money to delineate on maps areas that are effi-
clent in sigze and that are bounded by features which can be clearly identi-
fied in the field., Consequently, a sample using the area method cannot

be designed quickly and at the same time efficiently, These ocperational
difficulties have in part led to the development of the Master Sample.

The Master Sample at the present stage of its development is made up of
67,000 areas which identify about 300,000 farms (the areas for the United -
States averaging about five farms) located within nearly every county in
the United States.

History of the Master Sample.--Early in 1943, the idea of a Master Sample
occurred to Rensis EIEerE of the Bureau of Agricultural Economics. The
BAE at that time was working on a group of bureau.wide projects., It was
evident that there was need for a preocedure which would provide effective
samples for various studies and more particularly which wiuld enable the
accumilation of data relating to a representative group of farms, By
drawing subsamples for different studies from a large Master Sample and
systematically accumilating the data from these farms and farm families,
many important interrelationships affecting farm production, income and
living which camnnot now be studied eccnomically could be analyzed. Thus
a Master Sample could become a device for integrating and improwing the
effectiveness of the research of the Bureau. Likert sought the advice
and help of the writer in preparing a proposal for developing a Master
Sample. Because of its demonstrated advantages the area method of sam-
pling was recommended.

It was first decided in April 1943 that the Statistical Laboratory at
Iowa State College would design a set of areas which would provide a
national sample of about 5;300 farms. At this point the name ‘'Master
Sample” was applied and is still being used although the scope of the
sample has been enlarged materially. The work was assigned tu Towa
because the group there was experienced in such sampling as a result

of the research work on sampling that has been carried on for several
years cooperatively by Iowa State College and the Bureau of Agricultural
Economics., As the greatly increased demand for this type of sample
became apparent, the planned size was increased at first to 25,000 farms
and later to 300,000 farms, as the Division of Agricultural Statistics
became interested in the proposed Master Sample as a basis for taking
large surveys of farm inventories.
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At this time plans were being drawn in the Bureau of the Census for the
1945 Agricultural Census. The Bureau of Agricultural Economics was inte-
rested in having the Bureau of the Census identify the schedules of

the farms in the Master Sample so the census information could be used
for subsequent sampling purposes, The Bureau of the Census became inte-
reated in using the Master Sample in connection with the 1945 Agricultural
Census because it would provide a suitable group of farms from

vwhich information for a supplementary schedule could be conveniently ob-
tained. The identification of the Master Sample farms would make it
possible to separate these schedules for making estimates prior to the
total tabulations. Furthermore, the maps and the costly materials for
reproducing thh maps necessary for the Master Sample as well as the
agrial photographs could be used in the Agricultural Census. When it
became evident that the Bureau of the Census could also derive benefit
from the Master Sample, an agreement was drawn up whereby the Bureau

of Agricultural Economics and the Bureau of the Cansus could combine
their technical and administrative resources to develop the most effi-
cient sample feasible. Under this agreement the Master Sample was com=-
pleted in time to be used in the Agricultural Census as planned,

However, one more development has arisen which further enlarges the
scope of the Master Sample. Shortly before its completion, the Bureau
of the Census wanted to extend the sample so that it would represent

the entire population. The areas set up for agriculture were not effie
cient for population samples in the cities and villages where the size
of the sampling areas was determined by the number of farms rather than
the number of persons., In the village and town stratum the Master Sample
is being redrawn with smaller areas, in the open-country stratum, how-
ever, the present sample is satisfactory for either farms or population
inquiries, This work is going forward at Iowa State College where the
agricultural sample was drawn. The Bureau of the Census is at present
drawing what may be called a "Master Sample of City Areas" to serve in
city areas as the Master Sample does in the rural areas. The two pro-
Jjects are being desigmed as integrated parts of an over=-all plan, Work
on the extension of the Magter Sample and the city sample is just getting
started and the entire job will probably not be completed for another
year., Priorities, however, are being given to a sample of counties

that can be used shortly. :

When the Master Sample is finally completed in its extended form, it
will be available for the proposed 19L6 sample census of population.

In an attempt to strengthen its statistical program the Bureau of
Agricultural Economics plans to use the Master Sample for its more
difficult and important inquiries. Requests from state agencies to use
the Master Sample within the states have been received.

Steps are being taken to put the administration of the Master Sample on
a sound basis., The maps, photographs and other materials will be put
under centralized control. A joint committee has been set up by the
Bureau of Agricultural Economics and the Bureau of the Census to lay
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broader policies for administering the Master Sample, A traffic problem
has already developed and the committee is now working on its solution.
The Bureau of the Census and the Bureau of Agricultural Economics are
being staffed to advise arnd help in the designing of samples that use
the Master Semple., Plans are being drawn jJointly by the two agencies
and Jowa State College for extensive research to determine the sampling
errors of the Magter Sample with different methods of estimation when
used as a whole or when subsampled. Facilities will be provided to
redraw the sample in the counties where the sample has been overworked.

In summary it may be said that the area method of sampling is an improve-
ment over other designs because (i) it does not depend upon advance know-
ledge of the characteristics of the population, (ii) it eliminates free-
dom of choice on the part of enumerators, and (iii) it is usually efficient
from the standpoint of maximizing precision on the basis of cost.

Although the designing of area samples is time-consuming the initial

cost high, usually it has been found to be justified, The Master Sample
of agriculture will greatly facilitate area sampling by providing maps
and other materials, tabulations, and other information helpful in the
efficient design of area samplea. It has been indicated that the Master
Sample will be widely used in many different kinds of surveys for national
as well as state inquiries.
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II. DESIGN
By R, J. Jessen

Bureau of Agricultural Economics, and
Statistical Laboratory, Iowa State College

As the idea of the Master Sample developed, its scope and cbjectives
suggested a sample with the following specifications:

(1) That it be large enough to provide an adequate group of farms

on which information can be obtained that will be useful for selecting
efficient smaller samples for special inquiries and coordinated
stidies,

(14) That it be general or flexible enough in basic design so that
it may be used directly, or with simple modification, for sampling

not only farms but rural population, land use, crop diseases, crop

posts, ete.

(i11) That it be distributed geographically to such an extent that

all of the primary sampling units, of the kind now commonly used,
z»+. comprising single counties or groups of counties, will likely have

an adequate sample ¢f areas within each convenient for subsampling.

(iv) That it be specific enough as to the population sampled ao
that it may be conveniently and precisely extended to inquiries
vwhich deal mainly with elements other than farms,.

(v) That it be éfficient enough so that it may justify ite costs.

(vi) That it be practical enough so that estimates from it can be '
made without unnecessarily ccmplicated procedures and that the field
work can be simply and accurately carried out.

(vii) That it be completed in time so that it may be used as an
integral part of the 1945 agricultural census.

The plan or design of a sample proposed to meet those specifications was
developed during the last half of 1943, when the above general specifi-
cations and others were taking final form and when many of the more
technical features were still being tested, The purpose of the present
paper is to present as simply as possible a description of the design
of the Master Sample.

Ceneral.~-The Master Sample is a sample of small areas which average

about 2.5 square miles in size but which vary according to location and
other circumstances. Nevada has the largest average size: 108 square
miles; Indiana the smallest: 0,71 :aqQuare miles, The sample areas have
been selected from every one of the 3,070 counties 1/ of the United States
I7 Kctually some counties contained such few sampling units that occa-
sionally a county would fall to have a selected area.
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and contain within their boundaries approximately 1/18 of the land area
of the United States, 1/18 of the farms (about 300,000), 1/18 of the
rural population, etc,

By design, these small areas were formed to contain, within reasonable
limits, a given desired number of farms or persons within reascnably
identifiable boundaries, A big procedural job was the setting up of
criteria for use in determining the size, shape, boundaries, etc., of
these areas,

The primary strata.~-Three primary strata were defined on the basis of
incorporation and density of ulation. The total area of the United
States was classified into: Yi incorporated areas, (ii) unincorporated
areas relatively densely populated, (iii) unincorporated areas relatively
sparsely populated. For convenience those area groups will be called
the (1) incorporated, (ii) unincorporated, and (iii) open country strata.

The incorporated stratum, as the name implies, includes all incorporated
cities and towns. In addition, unincorporated places regarded as Murban"
by the Bureau of the Census were also included., Partly for desired flexi-
bility of grouping and partly for sampling efficiency, all places in

this stratum were further stratified into "rural®™ and "urban" groups
according to Census rule, that is, those places having a population in
1940 of less than 2,500 persons are classed "rural®™ while those of

2,500 or more population are classed "urban',

The unincorporated stratum consists of all name places, outside of
incorporated area, which have an estimated population of 100 or more

and all other areas which appear on the map to have a population density
of 100 or more persons per square mile. Estimateas of population for
these places were obtained from the Rand McNally Commercial Atlas,

Bureau of the Census report on unincorporated places and the county
highway maps. Places within the stratum were further stratified into

the three size groups: (i) population 100-499, (ii) population 500-999,
and (iii) popuwlation 1,000 and over,

The area remaining after the designation of the incorporated and unincor-
porated areas may be labeled "open country®. This "open dountry" stratum
contains 96 per cent of the land area (see table) and about 91 per cent
of the farms of census definition. In this stratum an attempt was made
to obtain a design satisfactory for sampling either or both farms and
persons, whether farm or non-farm.

PERCENTAGE OF LAND AREA, SAMPLE AREAS, 1940 CENSUS FARMS, 1940 TOTAL
POPULATION IN EACH OF THE THREE PRIMARY STRATA

t Land area : Sample areas t Census farms : 1940
Stratum  : (Per cent) : (Per cent) : (Per cent) : Population
: : : : (Per cent)
Incorporated : T t 3.0 : 3.4 : 63,5
Unincorporated: 3 : 6.4 H 5.9 : 10,5
Open country : 96 : 90,2 : 90.7 : 25.9
Total s 100 s 100.0 s 100,0 : 100.0
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Jith the strata so defined the next step was to designate them properly
on the work map (which was a general highway and transportation map of
each of the 3,070 counties). ‘Corporate limits are definite boundaries
and their location can be obtained. Populated areas or places that are
not incorporated do not usually have definite boundaries. We therefore,
set up some rules for establishing boundaries for such places,

{i) The place or area should be kept as compact in area as possible
and yet should include everything that is distinctly "non-open-country"
in appearance.

(11) Boundaries should be chosen that can he easily identified in
the field. Therefore, wherever possible, boundaries were made to
fcllow roads, railroads, streams and to a less extent survey lines.

(i11) Where satisfactory "natural” boundaries did not exist but
where serial photography was ava’lable, arbitrary lines were used.
Where aerial photography was not available, rule (1) was relaxed.

The selected bourdaries were drawn on the work map in green so that the
unincorporated stratum could be readily distinguished on the map from
the other gtrata. Similarly, the corporate limits were outlined in
yellow,

The primary strata defined in this manner have served and will serve
several purposess

(1) PFarms in the more densely populated areas, which we have reason
to believe differ importantly from those in the more open areas,
are assured their proper proportion in the sample;

(i1) Those areas which contain large non-farm populations relative
to their farm populations are accurately designated, permitting a
convenient means for selecting sampling units in these areas
suitable for population and related types of samplings; and

{111) A reasonably efficient use was made of available information,

such 88 that of the census for incorporated places and the map

culture for the number of and location of the farms in the open country
4 stratume-the unincorporated stratum being the one in which infor-

mation on either farms or population was least available.

Sampling within the open country stratum,--The general highway ard trans.
poration maps wWhich were obtained for all counties in the United States
show, with variable degrees of accuracy, the location cf farmsteads and
other dwellings in the open~country areas and to some extent in the
smaller unincorporated places. These farm and non-farm dwelling indi-
cations, which together with other structure indicaticns are generally
called by the mappers "culture", were used as a measure of size fgr
determining numbers of sampling units to be assigned a given areas and

to control the size in terms of indicated farms and dwellings of each,

To utilize this information efficiently for these purposes it was decided
that the farm and non-farm culture be counted and tabulated in such a
way that it could be conveniently used. A unit of counting was
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therefore established, This is referred to here as the "ccunt unit”,
which is a "natural” bound area, except where minor civil division
boundaries were used, and which includes a minimum of six farms of
eight dwellings and a maximum of about thirty farms., These limits
were established for three reasons: (i) A larger number of natural
bound area segments, when inspected on maps, appeared to contain from
six to thirty farmsj; (ii) The amount of work required was held at a
minimum because, as will be shown later, much time was saved in the
delineation of sampling units; and (1115 The resulting unit is of
convenient sige for some kinds of sampling vhere prelisting and sub-
sampling schemes are desired. The average size count unit for the
United States contained 10.9 farms. Within each minor civil division
as a stratum, natural bound area segments were combined (by appropriate
markings) whenever necessary to bring the total count to the minimum
six farms .or nine dwellings, Each minor civil division having open-
country area was assigned at least one count unit even if fewer than
six farms were indicated, The operating ceiling of thirty farms was
relaxed if adequate boundaries for subdividing an area segment were not
available,

For each count unit, the number of farms and the total number of dwellings
(including farms) were marked on the map within the count unit area.

These counts were made for all openecountry areas. Every square mile

of area in this stratum is covered by some count unit or units regardless
of whether or not farms were indicated on the map within that square

mile., Each count unit was numbered serially begimming with number one

in the upper right-hand corner of each minor civil division and in

a serpentine manner {such as sections are numbered within a surveyed *
township) throughout each minor civil division., The minor civil divisions
were numbsred in a similar manner within the county.

With the counts made and designated on the meps the next step was to
determine the number of sampling units to be asaigned to each count unit
on the basis of this count information. Giving consideration to the
problem of finding on the maps sufficient identifiable boundaries for
small arsas, it was decided that three general regions be set up in the
United States within each of which A~different average sizse of sampling
uwnit would be sought. In region number one, which wss largely in the
Corn Belt, it seemed feasible to sesk an average of four farmms with
individual sampling units permitted to vary from two to six farms in size,
that is, a tolerated variation of + 2 farms, In region two, the areas
outside the Corn Belt but still within the Public Land Survey System,

an average of five farms + 3 farms per sampling unit was thought feasible.
In region three, which included all other areas of the country (those

not covered by the Public lLand Survey System), the goal was set at six
farms + l farms per sampling unit., In areas not covered by aerial
photography an attempt was made to obtain an eight-farm average and the
telersnce relaxed to + 6 farms, although some cases were left to individual
circunstances,
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These siszes, together with the tolerances, were the results of an attempt
to strike a suitable balance between the smaller area which is usually
statistically more efficient and the larger area which is less costly

to enumerate (per farm) and prepare for, and which generally has fewer
problems of boundary identification. Although some study has been made
of these pruoblems (7), (8), a considerable number of new situations
required the quick and ready answers of judgment, the correctness of which
can and will be evaluated by studies now under way and by subsequent
experience.

Because the culture indicated on the county highway maps was of variable
accuracy (when checked with 1940 census data), it was thought advisable
to check the extent of the inaccuracy so that the expected number of
farms per sampling unit would be based on the 1940 census rather than
on inaccurate culture. As an example, suppose the culture on a map:»
under-représented census farms by 50 per cent, To avoid the possibility
of getting sampling units that had twice the average number of farms
desired, the number of sampling units assigned to each counting unit
was therefore based on half rather than the full number of indicated
farms, Another criterion for determining the size of the sampling unit
was the extent and quality of identifiable boundaries considering, of
course, the availability of aerial photos. In order also to provide
for a satisfactory sample of population in this stratum, the expected
number of dwellings perasampling unit was kept, wherever possible, to
ten or less,

Tables were set up so that the clerk, knowing the regional location of
the countyy the culture count and its degree of inaccuracy, could select
the suggested number of sampling units (and the permissible sizes of
each) to be assigned to each count unit., This result was modified if
inspection of the count unit on the map showed that an improvement in
boundaries, accessibility or photo use resulted from such a change.

When the number of sampling units for a counting unit was determined,

it was recorded on the map alongside the counts. Hap data on counts

and number of sampling units were then transcribed to listing sheets on
which data for each counting unit were listed individually. These data
were then punched on machine cards and a tabulation made for each county
showing the following: the state code, county code, the minor civil
division code, the counting unit serial number, its farm count, its
dwelling count, its assigned number of sampling units, the cumulative
totals for the two counts and sampling unit numbers. Count units on
the tabulation were ordered serially within minor civil division which
in turn were serially ordered within the county.

With the cumulative totals of sampling units indicated on the tabula-
tion sheet, it was a relatively simple cperation to designate the count
units which would contain the required sampling units, A random number
between one and eighteen was chosen as the starting point and the count
unit containing every eighteenth sampling unit was designated on the
cumalative total columm on the tabulation sheet. The scheme of mmbering
count units within minor civil divisions and minor civil divisisns
within the county made possible the ordering of count unite »n the tabu-
lation in such a way that geographic distribution of the sampling units
would be maximized by this kind of systematic selection. The count unit
selected in this way was 1 en located on the map, and its subdivisians




into the appropriate number of sampling units were go indicated that each
sampling unit could be identified. Only those count units selected in
the sample required actual, subdivision into sampling units, This saved
considerable clerical time, If the number of sampling units wlthin a
count unit was large, each sampling unit was numbered; if small, a
systematic scheme of counting was followed, The sampling unit for the
sample was chosen by selecting a random number from one to the number

of sampling units in the count unit, The selec$éd sampling unit was
appropriately marksd on the map and coded for future reference.

§§gg%igg,within the unincorporated stratum,--In the unincorporated
stratum we were concerned wilh selecting a sample of farms without regard
to its adequacy as a sample of population, Information as to the number
of farms expected to be found within each of the unincorporated places
was not shown by the maps as adequately as it was for the open country.
It was, therefore, necessary to set up some rather arbitrary criteria for
assigning the number of sampling units to each of the unincorporated
places., These rules were: (i) a number of sampling units was so
assigned that the expected number of farms per sampling unit was six;
(i1) A minimum of two sampling units was required for each unincor-
porated place regardless of how few farms were indicated. Ths number
above this minimum was debtermined by the culture count of famms, with
adjustment when it appeared advisable; (1ii) The number of sampling units
assigned by rules (1) and (ii) was modified when necessary to utilize '
nost effectively identifiable boundaries shown by the map. In some

cases it was necessary to make arbitrary decisions as to the number .

of sampling units a place should have because no culture at all was

shown on the map, It was found that the culture shown around densely
populated areas did not sharply discriminate the farm from the non-farm
dwelling. In some cases where the unincorporated stratum included a
large area, it was found convenient to sample it in a manner somewhate
similar to tha6 of the open countyy. In this case count units were
established and counts (of farms only) made to help determine the distri-
bution and number of sample units,

Lists were prepared which grouped the unincorporated places inte three
size groups: (i) from 100 to ﬁ99 population, (ii) from 500 to 999 -
population, and (1ii) 1,000 population and over. In addition to the

name of the place, this listing showed %tts population, its expscted number
of farms, the number of sampling units iitcuwhitheithwomldibe devidedgs

and the cumilative total of sampling units through the three size groupings.
Taking a number between one and eighteen for a random staft, a sample

was selected systematically from the cumulative column of sampling units

in much the same manner as was followed in sampling in’the open-country
stratum, - .

Sampling within the incorporated stratum,--As in the case of the unin-
corporated stratum, a listing was made of all incorporated places within'
each county, gropped into the two size groups--those under 2,500 popu-
lation (rural according to the 1940 census) and those 2,500 anduover
(urban). Prom special tabulations provided by the Bureau of the

Census the number of 19L0 census farms for each incorporated place was




nll'L-

obtained. Consequently, there was much better information on the expected
number of farms for the incorporated places than for the unincorporated
places. Each incorporated place was assigned a number of sampling units
so that the average number of farms per sampling unit would be approxi-
mately six, With the sampling units so determined, sampling followed

the same procedure as stated for the unincorporated stratum, Where
incorporated places included an especially large number of farms, we
obtained (from the Bureau of the Census) special enumeration district
information for the location of those farms within the city. It was
therefore pessible to divide the city by enumsration districts in such a
manner as to get a fairly equitable number of farms fer each sampling unit.,

Use of aerial photography.-~The relatively swall sample areas used in
the Master Sample were made possible by serial photographs, both the
individual prints and the reproduced indexes., These served as detailed
maps helpfil in providing identifiable boundaries for designating sample
areas and for use by the enumerator in finding those boundaries in the
field, The scale of the ordinary aerial photograph is three inches

to the mile and can be increased by the enlargement process to provide
the necessary detail for showing sample area boundaries to the enumerator.
Proper boundary identification is crucial for the prevention of possible
bias in the improper inclusion or exclusion of farms for sample enumera-
tion. The aerial photograph provides many useful landmarks, such as
buildings, fence lines, clusters of trees, creeks, etc., which even the
best detailed maps do not show, Although in areas covered by the Public
Land Survey the sampling areas are generally more easily identified from
ordinary maps, it was felt that even here aerial ﬁhotographs are worth
their cost. In areas not covered by the Public Land Survey the photo-
graphs are-almost indispensable if the smaller, more efficient sample
area is to be used, ’

For all sample areas in the open country the standard contact print of
three inches to a mile was used to designate the sample ereas In areas
around villages and towns or within viilages and towns, enlargements
ranging in scale from L4 1/4 inches to 9 inches to the mile were used to,
provide the greater detail desired. The usual contact pgint measures
either 7 by 9 inches or 9 by 9 inches. It covers, therefore, from 7 to
9 square miles of area, Although the majority of sampling areas required
but one aerial photograph for complete coverage, on the average it was
necessary to purchase about 1liprints per sampling unit. Aerial photos
were obtained for over 91 per cent of the sampling units in time for the
1945 Census of Agriculture.

Techniques of using the Master Sample,eeSampling areas provide & convenisnt
Flexible base for sampling difierend elements. For instance, if a selection
of farms is desived, all that is necessary is that criteria be set up so
that each famm is assoclated with but one and only one sample area. This
can be s8asily accomplished in the majority of cases by regarding a farm as
agsociated with a given sampling area if its headguarters falls within
that area. Where farms do not have distinct headquarters, rules can be

sat up which will establish a sort of pseudo-headquariers suitable for
those sampling problems. Other types of surveys may require some

different criterion of enumeration, As an sxample, for certain crop
estimates it may be desirable to includi in the sample area only those
fialds or areas actually contained within ihe boundaries of the sample
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area, regardless of where the boundaries of the farms within which they

are located happen to be, In this case the aerial photograph is particularly
useful because boundaries can be established exactly and the desired areas
may be easily planimetered,

What the Master Sample is at present.-~The Master Sample at present
consists mainly of maverfals. Thess are of two kinds: (i) 3,070 count
maps {one for eveﬁy county in the United States) on which sample areas
have been designated, providing, when enumeratddg a sample of about three
hundred thousand farms, and {ii) materials useful for drawing samples
so that the present kind of sample can be extended or supplemented for
any samples either of agriculture cr of persons. The Master Sample
does not yet have any data on the farms selected. The bulk of these
data is expected to be obtained by the 1945 agricultural census and will
be made available for sampling purposes soon after the field work has
been completed.

The Master Sample materials at present consist of large scale (usually

one inch to the mile) highway maps of all counties of the United States

with information on them useful for sampling; listings of 2ll towns,
villages, cities and other densely populated places and areas having an
estimated population of one hundred persons or more; tabulations of tle
expected numbers &f farms and dwellings by small geographic areas (count
units) and their cumlative totals; matéiials by which an unlimited .
number of county maps showing sample areas for a three hundred thousand ,
farm sgmple can be reproduced (by means of the ozalid precess); and -
serial photographs for “sbout 91 per cent of the 67,000 sample areas o )
the Master Sample, .

-

Additional valuable materisls for subssequent sampling will be made availe
able when the 1945 agricultural census is completed. Tl Bureau of the
Census will taks a standard farm schedule from a2ll farms and an additional
supplemental schedule for more detailed information on farms in the
Master Sample aresas and specially designated large farms. Both schedules
taken from the Master Sample farms will be coded accordingly during

the regular census tabulation procedure. When punched on cards, these
data will be useful for drawing both the general and the specialized
types of farm samples for subsequent inquiries. With this information

it will be possible to direct more efficiently the sample for specific
inquiries to those farms most relevant to the inquiry., For instance,

an inqulry of dairy farmers can be deaigned such that the enumerator is
directed primarily to those sampling units héving dairy farms because we
will know, frem the census information which sample areas contained

dairy cows at the time of the agricultural census. Changes taking place
on the sample arsas through time do not impair the validity of sampling
if aporopriate designs are used, In fact, using the sample to measure
change directly is usually an efficient way to sstimate changes in the
whole population,

Presant plans for extending the Master Sample,--4t present the Master
Sample is zn adeQuate sample of both farms and poprlation in the opsn
country shratum orly., Work is now undar way toc extend the sample o
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that it will provide, by means of a supplemental selection of smaller
areas with an average of 8 to'10 dkelling units per area, an adeqQuate
sample of persons in the unincorporated stratum. This work is being
carried out jointly by the Bureau of the Census, the Bureau of Agricultural
Economics and Towa State College. The extension will follow the same
general method of sampling, that is, the use of small areas clearly
designated on maps, but the size of the unit will be measured in terms
of total dwelling units rather than farms, In some areas where adequate
maps and serial photography are not available, it will be necessary to
adopt a prelist-subsample scheme to reduce the number of dwelling units
enumerated in any small sample area and therefore to increase sampling
efficiency. The use of this device, however, will be held to a minimum
because of its relative costliness. This work is designed to prepare a
sample in unincorporated strata suvitable for use in sample surveys of
population, households and related subjects and for the proposed sample
of population in 1946,

Other plants for the improvement and extension of the Master Sample, which
can be briefly summarized here, call for:

(i) The completion of the charting of the areass covered by aerial
photography and the completion of a set of indexes showirg for any
given area the apppopriate print or prints covering that area.
When this is done, the Bureau of Agricultural Economics will have
the most complete and centralized source in this country of such
information useful for obtaining aerial photography. o
(i1) The use of 1345 agricultural census information for the classi-' *"
fication of the farms on the Master Bample are as useful for future =
sampling inquiries. Perhaps a classification of areas will be made

for similar purposes.

(iii1) With the Bureau of Agricultural Economics, Bureau of the Census,
and Iowa State Collegé cooperating, a program of research is underway
on sampling and estimation procedures which is designed to¢ make

the Master Sample more efficient and adaptable, This program will
include a study of such problems as the efficient selection of
counties or olher primary sampling units, the study of schemes for
subsampling the present sampling units, count uwnits or combinations

of both, etc.,, study of various estimetion procedures, the study of
designs involving matching sampling units on repeated visitations

and various other sampling schemes,

(iv) Modification of the Master Sample to utilise new information,
when it becomes available, to improve the present sample,
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