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THE RESULTS OF APPLYING A SIMPLE RANDOM SAMPLING PROCESS TO 

FARM MANAGEMENT DATA 

By Quentin M. West 

INTRODUCTION 

This is tho first in vfhat is planned as a series of progress reports 
on an experimental sampling project being conducted jointly by tho 
Biometrics Unit, Department of Plant Breeding and the Department of 
Agricultural Economics, Cornell University. The sampling project was 
set up to investigate the operational characteristics of promising sam• 
Ptlng toohniquoawhen used in measuring farm business characteristics under 
New York State conditions. 

Alternative sampling techniques can be evaluated in two ways. The 
traditional method of evaluation is deductive. Ey this method, established 
probability thear,y is used as a basis far predicting the consequences of 
using one or another technique under a given set of circumstances. Pre~ 
dictions are summarized as estimates of sampling variability (standard 
errors of reans, confidence intervals, md the like), and estimates of 
bias, if any. 

Experimental sampling - the drawing of repeated samples according 
to given sampling techniques from a knovm, constant universe - is the 
second approach to the evaluation of sampling techniques. This approach 
provides a test of theory for particular universes and a source of re
cordable experience in cases where readily available theory is not borne 
out by experimental results. 

This progress report summarizes some experiences gained in applying 
a simple random sampling process to sets of data for a particular universe 
of farm businesses. Experiiren ts were conducted with simple random samples 
first, because these samples are easy to handle experirr.en tally and their 
characteristics can be predicted on the basis of readily available theor,r. 
It was possible in this way for the personnel on the project to become 
acquainted with the mechanics of sampling before undertaking the use of 
more complicated, but often more practical, sampling designs. This 
initial phase also :b..as afforded some test of simple sampling theory, a 
record of theoretical-actual discrepancies where they occur under the 
conditions of the particular universe studied, and a starting point for 
comparisons in later phases of the project. 

It is hoped that by publishing the results here reported, ma. terial s 
will be made available by which students and others can visualize more 
clearly the nature of a sampling process and th3 results of applying one 
such process under a set of conditions representative of many in which 
sampling is likely to be used more and more in the future • 
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The Nature of ~ntal Sampl~ Results 

In reading this report, it should be kept in mind that experimental 
sampling ordinarily is directed toward answering practical problems and 
in that context cannot yield evidence that is eomprehensi vely conclusive 
in the manner of a deductive proof established wi. thin the bounds of a 
particular set of assumptions and a particular systan of logic. Experi
mental sampling is 1imi ted to finite universes that re eessarily must have 
given characteristics and be at least somewhat unlike other universes of 
interest. Moreover 1 1imi ted resources usually preclude a study of all 
the samples that might be drawn by a given method from a given universe. 
An experimental sampling project ordinarily ends with but a sample of all 
samples and therefore cannot provide certain statements about the universe 
of samples that might be drawn. In these respects 11 experimental sampling 
is like other inductive approaches to the acquisition of knowledge. Ex
perience seldom is all inclusive, although aJ.l ... inclusiveness can be 
approaChed as more experience is accumulated. 

The uncertainties that attend experimental sampling efforts have 
been a source of numerous problems in this project. These are natural 
and to be e~ected1 but are perplexing nevertheless. In a project such 
as this, one finds himself asking oonstantlys How many samples does it 
take to provide an "adequate" test of tmory? What would the next 
sample - the one we did not have money enough to buy -- have looked 
like? How about the one after that? How should one interpret rates of 
convergence for selected statistical measurements as additional samples 
are accumulated? Indeed, this list of questions could be multiplied 
many fold. In setting forth the results on the pages that follow a 
certain amount •f evidence is recorded that has a bearing upon important 
questions, even though it must be considered in a sense tentative. 
Sampling is being used1 and will be used, in an increasing measure to 
obtain informatl,.on in the field of agricultural economics. Infonnation 
on the results ~ applying sanpling p:-ocesses to particular sets of data 
obviously can help in the interpretation af sample results, although 
same measure of doubt necessarilY attaches to the generality of the in
formation, even with respect to sampling the same or similar kinds of data. 

It is interesting to note that evaluational evidence of the kind 
presented in this report seldom is accumulated very rapidly by the re
peated use of sampling in practice. Any group of practical samples 
ordinarilY represents many universes and each sample has been used as a 
device for estimating measuren:ents that remain unknown. So long as 
universe measurerrents are unknown, one can only speculate deductively, 
via probability theory, upon the degree o:f success obtained. In experi
mental sampling, on the other hand, each sample can be compared with its 
universe and enough samples can be taken .from this universe to provide 
approximate measurements o.f sanpling variability under the circumstances. 
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THE UNIVERSE 

The data available to this study represent a majority of the open-
,. country households in Seneca County. Open-country households were defined 

as all those located outside of cities, villages, and unincorporated re
sidential clusters. Most of these households were visited in connection 
with a land classification rurvey completed in 1948. 1/ The following 
information was obtained at nearly all interviews. gr 

• 

1. Acreage omed and acreage leased from and to others. 

2. Acreage of individual crops, crop yields, and acreages in 
other land uses for the last full crop year • 

.3. Kinds and numbers of livestock currently on hand and some 
information on rates of production. 

4. The size of the household labor force, and of the hired labor 
force, and a record of the division of household time between 
the farm and off-fann work. 

Extent-of-Farming Classes 

On the basis of the above information, the open-cotmtry households 
of the County for which complete records were obtained were subdivided 
into three classes (table 1): 

1. Full-time OJmmercial farmers - households having twelve months 
or more of their own plus hired male time for their own farming 
operations and a· farm business of 100 or more productive .. man-work 
units. · 

2. Part-time and subsistence farmers - households havill5 less than 
twelve months of their own plus hired male time for their own 
fanning operations, or a farm business of 1 to 99 productive
man-work units, cr oo th. 

3. Rural residents -- households operating no farm business under 
their own direction. 

A fourth group comprised dwellings from mich complete records were 
not obtained -- vacant houses, summer homes, refusals, no contacts, change 
of occupant since last full crop year, lack of knowledge on the part of 
respondent. 

y Some of the land classification records were taken in 1947, and re
cords in the township of OVid were taken in connection with a farm 
management s"tlldy in 1947. 

gj On part of the OVid records not all of the listed infonnation was 
obtained. 



TABLE 1. FIELD SURVEY COVERAGE OF OPEN-COUNTRY HOUSEHOLDS, SENECA COUNTY 1 

1948. 

Town Extent of Farming Classes !/ Dwellings not 
covered y 

Total 

Full-time Part-time Rural 
farmers farmers Residents 

Number of households 

Covert 56 81 76 82 295 
Fayette 135 139 lc6 66 446 
Junius 62 66 42 42 212 
Lodi 5o 69 60 62 241 
Ovid 89 42 36 87 254 
Romulus 25 36 47 56 164 

•• Seneca Falls 29 62 52 33 176 
Tyre 38 65 59 49 211 
Varick 49 45 78 36 208 
Waterloo 23 72 43 48 186 

All towns 556 677 599 561 2393 
-

1/ See text for definitions. 
y These include approximately 120 vacant dwellings, 3.50 dwellings whose 

occupants were not found at home on any visit, and approximately 100 
dwelling> for which incomplete records were obtained for various reasons • 

• 
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The Universe fo~his Report 

This report is concerned exclusively with the full-time farms in 
Seneca County. It discusses sampling experience gained in drawing ran
dom samples from the universe of 556 full-time farm records that were 
available. y 
Farm Business Characteristics Considered 

It also was found necessary to limit this report in respect to 
coverag~ of farm business characteristics. Nine were selected from 
among those for which data were available. ?J 

A. Enumerated 

1. Total acres operated 
2. Acres in all crops 
3. Acres in intensive crops 
4. Acres in corn (all field) 
S. Acres in small grains (oats, barley, wheat, buckwheat,. 

and rye.) 
6. Acres in hqy 
7. Number of dairy cows 
8. Number of sheep 

B. Calculated 

9. Total productive-man-work units 

Universe Fres_uency Distributi~ 

Frequency distributions of the 556 full-time fanns in the universe 
were constructed on the basis of each of the nine selected farm business 
characteristics. These are presented in figures 1 to 9. 

In order to make these distributions comparable, the class intervals 
in each case were made equal to one-half the standard deviat:i. on of the 
distribution and the mean was used as a starting point in ma!King off 
these intervals. This method of classification also made it possible to 
compare directly the distribution of sample means with the original 
universe distribution. A normal frequency histogram with a corresponding 
mean and standard deviation, and with the same number of elements, is 
superimposed upon each distribution in figures 1 - 9 for visual comparisons. 

!J Samples were drawn from among the part-time farms at the same time 
as the full-time fann samples were taken. They will be di. scussed 
in a subsequent report. 

?J Four additional characteristics were listed for all samples drawnc 
Man-years of adult male time available for farm work, milk sold per 
cow, yield of wheat per acre, and yield of dry beans per acre. Two 
more were listed for part of the samples: number of swine, and 
number of hens. These also will be discussed in a subsequent report. 
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ro universe frequency distributions are highly skeWed to the 
right. No attempt was made to fit continuous frequency functions to 
these distributions. Their approximation to the normal curve was evaluat
ed, however, by computing chi-square goodness of fit values. These values 
are recorded in table 2. They show that all of the distributions under 
study differed greatly from the nomal distribl tion. 

TABLE 2. CHI-BQUARE VALUES MEASURING APPROXIMATIONS TO NORMAL FOR 
NINE FARM BUSINESS CHARACTERISTICS, 556 FULL-TDffi FARMS, 
SENECA COUNTY, 1948. 

Farm business characteristics 

Total Acres Operated 
Acres in Crops 
Acres in Intensive Crops 
Acres in Corn 
Acres in Small Grains 
Acres in Hay 
Number of Dairy Cows 
Number of Sheep 
Total Productive-man-work units 

Chi-square value 1/ -
109.69 
130.09 

1,310.20 
332.33 
271.52 
272.21 
583.o6 

1,744.34 
212.56 

1/ For comparison: If the full-time farms of this study, rather than 
- being a universe in themselves, had been drawn instead as a random 

sample from an infinite universe of farms normally distributed 
with respect to these farm business characteristics, then these 
chi-square values would have been expected to be less than 16.92 
at the 5 percent probability level in a case in which 10 classes 
encompassed the frequency distribution • 
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Universe Parameters 

Table 3 shows means, variances, standard deviations, and coefficients 
of variation for the nine selected characteristics of the 556 farms in 
the universe. Other aspects of the universe frequency distributions might 
be summarized in computed measures, but principle emphasis in this re
port is placed on these four. Among these, variances, standard devia
tions, and coefficients of variation, of course, are closely related. 
Essentially, then, this report deals with but one measure of central 
tendency -- the mean -- and one measure of dispersion -- the variance. 

TABLE 3. UNIVERSE PARAMETERS FCR SELECTED FARM BUSINESS CHARACTERISTICS, 
556 FULL•TDlE FARMS, SENECA COUNTY, 1948. 

--- --
Farm business Number Stand- Coeffi-
characteristic of ard cient of 

farms Mean Variance deviation variation 

Total acres operated 556 174.85 11902.3217 109.10 62 
Acres in all crops 556 97.73 4626.4909 68.02 70 
Acres in intensive crops 556 4.23 289.8955 17.03 403 
Acres in corn 556 8.76 60.0841 8.95 102 
Acres in small grains 556 41.98 1562.8934 39.53 94 
Acres in hay 556 27.94 724.7098 26.92 96 
Number of dairy cows 556 8.47 73.0171 8.55 101 
Number of sheep 556 4.45 476.1040 21.82 490 
Total productive-man-work 556 417.05 83423.8826 288.83 69 

units ._. ... __________ ----.-..._._._._..... ___ --
I 

I / f) 

f I 

) . 
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The Effect of One Large Farm 

The lower limit set on the full-time farm universe in this silldy 
eliminated the heavy concentration that usually occurs in the smaller 
size classes when all farms are included. It is customary in farm 
managenent and land economic studies to set some kind of lower farm
size limit, usually a limit approximately equivalent to the one used in 
this study (lli months of adult male time and 100 productive-man-work 
units). It is not customary to set an upper limit in these studies, 
however, and none was used here in defining the full-time farm universe. 
The absence of an upper limit introduces the possibility of having to 
deal with frequency distributions that have long1 slender, and often 
discontinuous right-hand tails. 

The full-time farm universe studied here contained one farm business 
of a size more than twice that of the next smaller fann (3701 productive
man-work units compared to 148.5). This ope farm considerably affected 
the universe parameters for the distribution of farms by size of business. 
It also, of course, affected parameters for several other universe dis
tributions, inasmuch as values for several of its other characteristics 
were unusually large. The effect of its presence upon size-of-business 
parameters is evident in table 4 • 

TABLE 4. PRODUCTIVEwMAN-WORK UNIT UNIVERSE PARAMETERS WITH AND WITH
OUT THE LARGEST FARM INCLUDED IN THE .5.56 FULL-TIME FARMS, 
SENECA COUNTY, 1948 • 
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THE SAMPLING PROCESS 

The sampling process used in this srudy involved drawing samples 
of 100 full-time farms out of the universe of 556 in such a way that all 
samples of this size ·which could have been drawn had an equal and in
dependent chance of being tre sample selected. 1/ Sanpling was without 
replacement, necessitating the use of finite correction factors in 
calculating theoretical expectations. Sample size was set at 100 because 
farm management studies in New York very co:mtnonly include 100 farms. 

Punch-card machines were used in drawing and listing the samples. 
Data on the selected characteristics of the 556 farms were punched into 
IBM cards. Tables of random numbers by Fisher and Yates served as the 
basis for the random selections IIB.de in the early part of the s rudy. 2/ 
These numbers were punched into cards, ten digits per card. The original 
tables were regenerated three times by randomizing columns and starting 
places. This gave a total of 6o,ooo numbers on 6,ooo cards. Toward the 
end of the smdy, Jo,ooo cards of fifty random digits each were cbtained 
from the Institute of Numerical Analysis, University of California, and 
used in selecting samples. By using the IBM collator and these random 
number cards, it iVas possible to draw repeated samples from the 556 card 
universe in a minimum of time. A random starting place in the random
number cards and a random arrange~nt of co1umns on these cards were 
chosen for each new sample. Each sample was completely listed on an IBM 
tabulator and these lists are being preserved for further study. 

THEORETICAL EXPECTATIONS 

Probabilit.Y theory provides a basis for deriving a set of expecta
tions relative "00 the outcome of a random sampling experiment of this 
type. This theory, in general, assumes that the universe frequency dis
tributions are normal, not skewed as we have found them in figures 1 to 
9. Even normal theory is of so:rre help at this point, however, and there 
are several instances in which theory has reached specific conclusions 
regarding expected outcomes when distributions are not normal. No 
attempt will be made here to derive mathematically the theoretical ex
pectations that apply to this experimental situation, but the results of 
such derivations are summarized to form a background for an interpretation 
of the experimental evidence discussed in the next section. 

!( The total number of possible samples of 100 farms which may be drawn 
from a universe of 556 farms is~ 5561 1 or approximately equal 

ioo t 456 t 
to 281 multiplied by 10 raised to the l49th power. 

gj R. A. Fisher and F • Yates, Statistical Tables for Biological, Agri
cultural, and Medical Research, Oliver and Boyd Ltd. 1948. 
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Sampl,2 Mean_! 

If repeated samples or a fixed size are drawn at random from a 
finite, nonnally distributed universe, the resulting sample means can 
be expected to form a nonnal frequency distribution. The expected nean 
of th:iB frequency distribution will be equal to the universe mean and 
the expected variance of the distr:ibution will be equal tD the universe 
variance multiplied by the factor N-n (where N is the number of elements 

Nn 
in the universe and n is t ha nunb er in tre sample). Symbolically this 
~ be expressed as follows: 

( 1) X (x) • ~ 

(2) Z (var~ i") • 

Vihere: 
N 
z X. 

1 .. 1 ~ 

/U = .. universe mean 
N 

n 
z xi 

i=l 
X = = sample mean 

n 

N 2 z (Xi -Ill) 

02= i=l 
= universe variance 

N-1 

n 
(xi - x)2 z 

Ai= i=l 
= sample variance 

n•l 

Thus, if the universe variance can be estimated satisfactorily, 
theory tells us that the tabulated probabilities for the normal dis
tribution may be used for testing hypotheses and setting confidence 
J,imits for sample neans in cases where universe distributions are 
normal • 
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Sample t'~ 

Often it is not possible to obtain a satisfactory estimate of the 
universe variance • This is especially true if only a small sample is 
available. In such cases, the use of probabilities for the normal dis
tribution is not valid. This has led to an investigation of the sampling 
distribution of the ratio of the deviations of the sample rean to the 
sample standard error of the rrean. This ratio, expressed mathematically .. r-n (i- ,u) 
as t • A , is distributed as Student's t, with n-1 degrees of 

freedom, when the universe is normal. 
tables of probabilities for Student's 
and setting confidence limits for the 

It is 1 therefore, possible to use 
t distributions for testing hypotheses 
sample mean when sample size pre-

eludes a satisfactor,y estimate of the universe variance. 

Sample variances 

The sample variances resulting from the repeated random sampling 
of a normal universe· will form a freCJ!.lency distribution which is skewed, 
unless the sample size is relatively large. Thus, for small samples the 
sampling distribution of the variance is non-normal and normal probability 
tables cannot be used in testing hypotheses and determining confidence 
limits. However, if the sample sum of squared deviations is divided by 
the universe variance, the resulting variable, (n .. l) .A- 2 1 is dis-

a 2 
tributed as chi .. square with n .... l degrees of freedom. It is possible, 
therefore, to make use of the tabulated probabilities for too chi-square 
distribution in testing qypotheses and settir~ confidence limits for the 
sample variance. 

Sample Standard Deviations 

The standard deviation is a more rr.eaningful statistic to most 
agricultural economists than is the variance because it is expressed 
in units of the characteristic being measured. The sampling distribution 
of the standard deviation would, therefore, be of more value in this 
respect than tre sampling distribution of the variance. The theoretical 
and experimental investigation of the sampling distribution of the 
standard deviation has been rather limited, however, because it is easier 
to work vJith the variance end to use tables for tte chi-square distri
bution. 1/ It is known that the distribution of sample standard 

-------~---

1/ A further fact has helped to focus theoretical investigations on the 
chi-square distribution. Snedecor 1s F distribution, used in testing 
the significance of a ratio betvreen two variances in an analysis of 
variance, is a ratio be~reen two independent chi-square distributions • 



deviations is some'what similar t£l that of sample variances, skewed for 
small samples but becoming more symetrical. for large samples. For 
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standard deviations of samples of any size from a nozmal infinite universe, 
the distribution has a mean equal to the universe standard deviation and 
a variance equal to the universe divided by 2 (n-1). The necessary 
correction for a finite universe is not readily available in the literature. 

The Effect of ~ormality 

Since none of the universe frequency distributions of the farm 
business characteristic in which w.e are interested approximate the normal 
distribution, some of the above conclusions must be modified. Readily 
available theory does not indicate the exact nature or extent of such 
modification. Sampling distributions have been determined for certain 
statistical reasures from particular non-normal universes, smh as 
rectangular, triangular, U-shaped, and other universes for which the exact 
form of the distribution is known. 1/ These distributions are of little 
help in deriving a set of expectations for universes such as are found in 
figures 1 to 9 for which the exact form of the dis tr:ibution is not known. 
The common practice in such cases is to make the assumpti oh that the 
universe is normal an:l then cor..sider the results obtained, using normal 
theory, as fairly good approximations to those that would be actually 
obtained from the non-normal universe. The extent to which this practice 

·• is justified will now be considered. 

• 

Whatever the form of the universe, tr..e distribution of the sample 
means will have a mean equal to the universe mean, and for a finite 
universe, a variance equal to the universe variance multiplied by the 

factor :~n • The distribution will approach the normal fonn as the 

sample size becomes large. This is due to the fact that tm skewness of 
the distribution of sample means equals the skewness of the universe 
divided by the square of the sample size (plus some finite correction 
factor) and the kurtosis of the sampling distribution of reans equals the 
kurtosis of the universe divided by the cube of the sample size (plus 
some finite correction factor). Thus, as the sample becomes large, tr..e 
measures of ske1mess and kurtosis for the distribution of sample means 
rapidly approach zero and the distribution approaches the nozmal form. 

Equations have also been derived for t.h£3.·moments of-the-sampling· ·· 
distribution of the variance for all types of universe distr:ibutions. 2/ 
These also indicate that the sampling dis tr:i.bution of the variance tenos 
toward the normal form as the sample size increases. The approach to 
normality is not very rapid, however, and theory indicates that it is not 
safe to assume that the distribution of sample variances is normal unless 
the sample is very large, 

!/ Rietz, H. L., "Topics in Sampling Theory", Bulletin of the American 
Mathematical Society, Vol. 43 (1937) pp. 209-230. - · -

y Roux, J. M,, "A Study of the Distribution of the Variance in Small 
Samples", Brometrika, Vol. 23, (1931) pp. 134-190. 
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Thus 1 when normal theory is used as a bas is for making inferences 
about a non-normal universe from a sample drawn at random from that 
universe, the validity of such inferences depends both upon the extent 
to which the universe distribution differs from tre normal and the size. 
of the sample taken. The object of this paper is to present evidence 
as to how well the results of experimental sampling from a particular 
non-normal universe, with samples of a certain size, can be approximated 
by the me of normal the cry • 
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EXPERDIENTAL RESULTS 

One of the first problems of this study involved a decision as to 
hov1 many samples should be taken. When theory refers to the sampling 
distribution of a statistic, it is talking about the distribution of 
the totality of sa-:1ples that might be dravm from the universe under 
consideration. A positive test of theory would require the actual dis
tribution of ~~is universe of samples. For a very small parent universe, 
such a sampling experiment would be possible, but for this study a 
relatively small sample of the universe of samples had to suffice. 

There are several wa:ys in which information can be obtained about 
the parameters of an unknown universe of samples. First, theory tells 
us that there are definite relationships between the parameters of the 
parent universe and the parameters of the universe of samples. There
fore, if we know the parent universe parameters, we can compute 
corresponding values for the sampling distributions according to this 
-~;heOIJ. Secondly, we can obtain from an individn'll sample estimate'3 of 
the pa::.·arr:eters of tba sampling distributions. Tnls is possible, ho·Never1 

only b'?cause theory says unbiased estirr.ates of the pal':"3ndters of the 
parens universe can be obtained from a sam:yle, if the e.::>lTiple was taken 
in a specified manner. In an experiment where repP.atcc ~amples are taken, 
if cu.m:nulative averages of ind:i:v:l.cltE.l ::;ampJ.e est.:Lmates ·~:.mverge to the 
universe values, we have evidence th&:0 the sampling pro;::ess is giving 
us unbiased estimates of the universe parameters. 

The third way in vvhich we may Obtain estimates of the sampling dis
tribution is from an actual distribution of a sample of camples~ A 
comparison of these empirical values with the theoreti.~ally expected 
values provides concrete evidence bearing on the adequ3cy of theory. 
The size of the sample of samples necessary before the 0vidence can be 
considered lladequate" dep:mds upon the rate at which th~.se empirical 
values, taken as samples are cumulated, converge to the expected values 
provided trey converge to these values. 

For this experiment, 100 samples were taken from the universe of 
556 full-time farms. An empirical investigation of the sampling dis
tributions of means, variances, standard deviations, and t values was 
made for three farm-business characteristics, total acres operated, 
acres in crops, and productive-man~vork units. The sampling distributions 
of means for the first fifty samples for six additional characteristics 
also were investigated. 

Sampling Distribut~ of Means. 

Experimental Data. - Figures 10-18 show the sample treans obtained 
in tlns study. "Th.ereare 100 rreans for three farm-business character
istics, total acres operated, acres in crops, md producti. ve-man-work 
units. Fifty means are graphed for the six other characteristics 
tabulated. To make these graphs comparable, the actual means were 
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FIGURE 14, SAMPLE MEANS (EXPRESSED AS STANDARD DEVJ.ATES) AND 
CUMULATIVE AVERAGES OF AEANS OF 50 SAMPLES OF 100 
FULL-TIME FARMS, NUMBER OF SHEEP 1 SENE\JA COUNTY, 1948 • 



transformed into a standard deViate: -l:-).1 
x -' , where i' ., sample mean, ~ • universe mean, and c i • 

e-x 
the standard error of the mean computed from universe data. Cumulative 
averages of sample means also ,are shown in these graphs, as well as the 
universe mean for the particular fann-business characteristic. (A list 
of the successive sample means hew been placed in the Appendix). 

The sample to sample variation evident in these charts is impressive. 
For example, the mean of total acres operated for the 39th sample was 
181 acres, for the 4btH sample it was 15.3 acres, and for the 41st sample 
it was 185 acres. If a research worker were to have taken but one sample 
out of this universe, it could have been arry of these 100 samples -- or 
any other. If it had been the first sample, he would have reported that 
the average acreage operated per farm, for full-time farms in Seneca 
County, was 201 acres; the average productive-man-work units per farm, 
490 units; and the average aeres in crops per farm, 115 acres. If he had 
drawn another sample the next year, the 40th sample this time, his data 
would have indicated a great decrease in farming operations. The sample 
average acreage operated per fann would have decreased to 153 acres, 
productive-man-work units per fann to .366 units, and acres in crops per 
farm to 85 acres, even though the universe of farms in Seneca County 
actually had remained constant. 

If we had drawn but one sample in this sttrly, the first one, we 
would have calculated a mean of 201 acres for total acres operated and, 
using normal theory, we woUld have said that the universe mean lay be
tween the 95% confidence limits, 180 and 222 acres, knowing that for 
5 per cent of a large mnnber of samples such a statement would be false. 
For this sample it was false -- the universe mean was 175 aeres. 

Although sample to sample variability is great, nothing is evident 
in figures 10 to 18 that could not have been predicted from statistical 
theory. Ninety-five percent confidence statements about the location 
of a nniverse mean are expected to be false for five percent of all 
possible samples. In our 100 samples, they were false twice for means 
of total acres operated, seven times for means of acres in crops, and 
seven times for means of total productive-man-work units. 

We can observe in figure 12 the effect of the one large farm 
in the universe on sample results. In the first fifty samples, this· 
large farm, ·with 3701 productive-man-v,rork units, was included by chance 
seventeen times (although proportionally it would be expected less than 
ten times). These seventeen samples included most of the samples vd th 
the largest neans for productive-man-·work units per farm (figure 12). 
As a result of the excessive chance inclusions of this large farm, the 
cumulative average productive-man-work units per farm for the first 
fifty samples was 462, $ereas the universe mean was 417. In tre next 
fifty samples, the large farm appeared only seven times and the C\liilula
tive average for this characteristic for all hundred samples was reduced 
to 421,. 
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~enct Distributio:t;l of E!perimental Mea{l~· - The sample means 
for tht3 ne arm--bUsiness cfiaracteristics are surimarized in the fre
quency distributions of figures 19-27. For conVenience in testing the 
normality of the distributions (to be discussed later), the class in~ 
tervals were set at one-half a standard error of the mean, this standard 
error being calculated from the universe variartce. Class intervals also 
were measured to the left and right from the universe mean. In comparing 
these frequency distributions with their respective parent distributions 
(figures l-9)1 it will be noted that in each case the distribution of 
means is much more symetrical than is that of the parent universe. The 
concentrations of values are located near the cm ter of the ranges of 
the distributions of means, rather than to the left of center as in the 
universe distributions. Although the range in tte values of the neans 
may be greater than a layman might have expected~ it is but a small 
part of the total range of the universe (table 5). 

TABLE 5. COMPARISON BETWEEN THE RANGE OF THE DISTRIBUTION' OF SNJiPLE 
MEANS AND THE RANGE OF THE RESPECTIVE UNIVERSE DISTRIBUTION, 
NINE FARM-BUSINESS CHARACTERISTICS, SENECA COUNTY, 1948 • 

Farm-business 
characteristic 

Total acres operated 
Acres in crops 
Productive-man-work units 
Acres in intensive crops 
Acres in corn 
Acres in small grains 
Acres in hay 
Number of dairy cows 
Number of sheep 

Range of 
sample means 

153 - 201 
83 - 11.5 

360- 490 
1.9 - 8.2 
6.7 - 10.5 
34- 50 
23- 34 

1.1- 8.7 
1.1 - 9.6 

Range of 
universe values 

1-780 
0-503 

101 - 3701 
0- 300 
0-70 
0- 41.5 
0-325 
0-40 
0- 300 
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Mean of Experimental Means. - From theory we would expect the 
mean of the totality of sample means tD be equal to the universe mean. 
Although the rreans of the first .sample were very high, by the time 
the hundredth sample had been drawn the means of the sample means for 
total acres operated, acres in crops, and productive-man-work units were 
close to the corresponding universe means. The means of fifty sample 
means for most of the other characteristics also were close to the 
respective universe means (table 6). 

TABLE 6. COMPARISONS BET\TlEEN MEANS OF SAMPLE MEANS AND UNIVERSE MEANS, 
NINE FAru~-BUSINESS CHARACTERISTICS, SENECA COUNTY, 1948. 

Number of Mean of Universe 
Farm-business characteristic samples sample means mean 

Total acres operated 100 175.61 174.85 
Acres in crops 100 97.53 97.73 
Productive-man•Nork units 100 420.94 417.05 
Acres in intensive crops 50 4.87 4.,23 
Acres in com 50 8. 79 8.76 
Acres in small grains 5o 41~08 41.98 
Acres in hay 50 27.94 27.94 
Number of dairy cows 5o 8.52 8.47 
Number of sheep 50 4.as 4.45 

The convergence of the mean of sample means to the expected 
universe value, as more samples were taken, can be shown by comparing 
the :rreans of an increasing number of sample rreans. The cumulative 
averages of means pictured in figures 10-18 shOW" this convergence. 
Cumulative averages of all previous sample means were computed as each 
sample was dravm. The cumulative average for productive-man-work units 
per farm does not converge very rapidly. Apparently, for a universe 
with such a long tail, 100 samples is not a large enough sample of 
samples to average out the effect of one extra large farm. The 
cumulative average for acreages of intensive crops does not attain 
stability in fifty samples. The cumulative average for acreage of 
small grains appears to converge at a value below the universe rean. 
The actual discrepancy is only 0.9 acres but when divided by the 
standard error this difference becomes one-fourth of a standard unit • 
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Variance of Experimental Means. -- From theory we would expect 
the variance of the totality of sample rreans to be equal to the universe 
variance multiplied by N-n. The variances of the 100 sample means 

Nn 
obtained in this study for three farm business characteristics, and of 
fifty sample means for six other characteristics, do approximate the 
expected values (table 7). The lack of agreement between the empirical 
and theoretical variance for productive-man-work units is principally 
due to the one large farm. 

TABLE 7 • COMPARISONS BETWEEN THE VARIANCES OF SAMPLE MEANS AND THE 
THEORETICALLY EXPECTED VARIANCES, NINE FARM-BUSINESS CHAR
ACTERISTICS, SENECA COUNTY, 1948. 

Farm-business Number Variance of Theoretically 
characteristic of sample means expected 

samples variance 

---
Total acres operated 100 95.77 97.60 
Acres in crops 100 40.68 37.93 
Productive-man-work units 100 824.68 684.08 
Acres in intensive crops 50 2.94 2.38 
Acres in corn 50 .71 .66 
Acres in small grains 50 12.28 12.82 
Acres in hay 5o 5.28 5.95 
Number of dairy cows 50 .71 .60 
Number of sheep 50 3.44 3.90 

The convergence of the variance of sample means to the theoretically 
expected value can be shown by computing the variances of cumulatively 
larger groups of sample means. For one farm-business characteristic, 
total acres operated, the variance of sample means has been calculated 
after the addition of each successive sample (figure 28). It also has 
been computed for cumulative groups of 10, 25, 50, 75 and 100 samples 
for two other characteristics, acres in crops and productive-man-work 
units (table 8) • 
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TABLE 8- VARIANCES OF SAi\,IPLE MEANS IN cm,ruiATIVE GROUPS OF SA!IIPLES, THREE 
FARM-BUSINESS CHARACTERISTICS, SENECA COUNTY, 1948. 

---
Farm-business Number of sample means 
characteristic 10 25 5o 75 100 

Variance of sample means 

Total acres operated l4J..l8 90.23 101.55 94.61 95.77 
Acres in crops 55o84 34.48 40~11 45.22 4o.68 
Productive-man-work 1466.72 1143.17 986.52 889,,37 824.68 

units 

A roxi.mation of Distribution of Experimental Means to Normality. -
We have s own t a s ri. u J.ons 6 our 00 means of samples of size 100 
from a universe of 556 full-time farms~ are more symmetrical than- the 
corresponding universe distributions and that they have means approximately 
equal to the universe means and variances approximately equal to the 
universe variances multiplied by N ... n. In connection with the use of the 

~ 
sampling distribution of naa.ns as a probability distribution in making 
tests of significance or establishing confidence limits, it is important 
now to examine the exact form of the distribution. We must Imow that the 
distribution of sample means is nearly normal, either because the universe 
did not differ too greatly from the normal or because the sample was 
large enough to over come the effects of non-normality, if we are to use 
the normal distribution as an approximation to the actual distribution 
of sample means. Our next problem, then, is to look at the actual 
frequency distributions of one hundred., or fifty., sample means for the 
nine farm-business characteristics to see if they approximate normal 
distributions., as well as having means equal to the universe rr.ean and 
variances equal to N-n times the universe variance for the respective 

Nrl 
characteristic (figures 10-18 ) .• 

Theo~J tells us that sampling distribution of means, including all 
possible samples, should approach the normal distribution as the sample 
size becomes large regardless of the character of the universe. Even 
though our samples were only fairly large, and even though we had but a 
small part of the totality of samples, we see that the frequency dis
tributions of one hundred, or even of fifty,. means of samples of one 
hundred farms could be approximated fairly well by the normal distribution. 
A normal frequency histogram is superimposed upon each of the frequency 
distributions of sample means to aid in a visual evaluation of their 
approximation of normality. The chi-square test for goodness of fit 
(table 9) indicates that the d:i,stribution for only one of the character
istics, acres in intensive crops, deviates significant].y from the nonnal. 
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The parent distribution for acres in intensive crops was extremely 
skewed, sharply peaked, and discontinuous .(figure 3). 

TABLE 9. CHI.SQUARE VAWES MEASURING APPROXIN~TIONS TO NOP.NJAL OF 
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DISTRIBUTIONS OF SAMPLE MEANS, NINE FARM BUSINESS CHARACTER-
ISTICS, SENECA COUNTY, 1948. 

Farm-business Number of Degrees of Chi-square Calculated 
characteristic sanples freedom at 5% level chi-square 

Total acres operated lOO 7 14.07 3.95 
Acres in crops 100 7 14.07 4.11 
Productive .. man-work 

units 100 7 14,07 11.99 
Acres in intensive 

crops 50 5 11.07 20.30 
Acres in corn 50 5 11.07 5.o6 
Acres in small grains . 50 5 11.07 6.33 
Acres in hay 50 5 11.07 4.99 
Number of dairy cows 50 5 11.07 10.38 
Number of sheep 50 5 11.07 5.51 

Estimation of Parameters of the Sampling Distribution of Means from 
Individual Samples. -- Theory tells that we can expect a certain r:e=-
lationship ~reen the parameters of the universe and those of the 
sampling distribution of means. In this sampling experiment the universe 
was known and on that basis we have, in the foregoing sections, been 
able to test theoretical expectations by some experimental results. In 
any practical sampling situation, however, the universe parameters vdll 
be unknown and the best estimate that can be obtained of them must come 
from the single sample at hand. 

We learn from sampling theory that if a sample is drawn from a 
universe in such manner that each possible sample has an equal and in
dependent chance of being the sample selected, unbiased estimates of 
the universe rean and variance can be obtained from the sample. If 
unbiased estimates of the universe parameters can be obtained from the 
sample, then unbiased estimates of the parameters of the sampling dis
tribution of means also can be obtained from the sample. It will be 
of value to dete1~ne if unbiased estimates of the parameters of the 
sampling distribution of means, as computed on a theoretical basis from 
the parameters of the parent universe, can be obtained from the samples 
used in this exper:iJr.ent. 
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For each of the experimental samples, the mean would be the best 
estimate of the mean of the sampling distribution of means. The 
estimate of the variance of the sampling distribution of means would 
be the variance of the sample multiplied by N-n. If we take several 

Nil 

-49 

samples, the average of the sample estimates should give a better 
estimate of tre respective parameter than if we had but one sample. 
After taking an indefinitely large number of samples, if the average 
of the sample estimate is exactly equal to the respective parameter as 
calculated from the universe, then we are obtaining unbiased estimates 
from the samples. For any finite number of samples, the average of 
the sample estimates may not be equal to the expected value, but its 
closeness can be evaluated empirically or theoretically. 

Reference again is made to figures 10-18 for the estimate of the 
mean of the sampling distribution of means as calculated from each sample. 
The cumulative average of rr:eans gives the average of these sample 
estimates after each successive sample. As has been indicated in the 
sections above, for fifty or one hundred samples, this cumulative average 
of means for the nire farm-business characteristics is very near the 
universe values. 

Figures 29-31 show the square roots of the variances of the sampling 
distributions of means as estimated by usual methods of calcu+ation from 
each sample. This square root is commonly called the standard error of 
the mean. Also shovm in each case are the standard error as calculated 
from the universe, and the cumulative averages of the sample standard 
errors. These were calculated for only three fann-business character
istics, total acres operated, acres in crops, and productive-man-work 
units. Whereas it to ole many samples before reasonable stability was 
reached in cumulative averages of sample means, fair stability was 
obtained in the cumulative average standard error after a very few 
samples. .An exception to this was found for productive-man-work units. 
The one large fann appeared so often in the first 50 samples that the 
cumulative average standard error st~ed above the universe standard 
error for the first 50 samples. However, by the hundredth sample the 
cumulative average for the three farm-business characteristics had 
closely a)proached corresponding universe values (table 10). 

TABLE 10. COHPA'.i.ISONS OF THE AVERAGES OF SAMPLE STANDARD ERRORS FOR 
100 SAFPLJ~S WITH CORRESPONDING UNIVERSE STANDARD ERRORS, 
THR8E FAR~.{-BUSINESS CHARACTERIS'I'ICS, SENECA COUNTY, 1948. 

Farm-business 
characteristic 

Total acres operated 
Acres in crops 
Productive-man-work units 

Average of sample 
standard errors 

9.91 
6.04 

26.51 

Universe 
standard error 

9.88 
6.16 

26.15 
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Samplf?g Distribution of Varian~ / ~, 
The sampling distribution of the vari~~ie cannot be approximated 

satisfactorily by any readily available di;t;ibution, unless the sample 
is very large, even if the universe is normal. We will, therefore, 
concern ourselves with the distribution of the sample sum of squared 
deviations divided by the universe variance -- the variable (n-1) A.. 2 4 

0 2 -
According to normal theory, the· sampling distribution of this variable 
follows the chi-square distribution with n~ degrees of freedom. For 

breVJ.·t:u-. (n-l) 4. 2 f t• 1 1 "11 b f d to · .J, or a par J.CU ar samp e n e re erre m 
a2 

this report as a sample chi-square value. Tables were used in this study 
in which are tabulated the probabilities for chi-&quare distributions with 
ninety-nine degrees of freedom. !/ 

Figure 32 shows the frequenc,y distributions of 100 sample ehi
squares for three farm-business characteristics, total acres operated, 
acres in crops, and productive-man-work units. Class limits for these 
distributions were set at the expected chi-square values corresponding 
to the .990, .975, .950, .9001 ~150, .5oo, .250, .100, .o5o, .o25, .010, 
probability. levels. These class intervals are of unequal width, and 
the areas of the rectangles in the histograms have been made propor
tionate to the frequencies. For the theoretical distribution, the lower 
limit of the first class would be a zero "and "the upper 
limit of the last class a positive infinity. To be practical, there
fore, the lower and upper limits of the frequency distribution were 
set at the lowest and highest value, respectively, in the empirical 
distribution. 

A chi-square frequency histogram for 99 degrees of freedom is 
superimposed upon each of these frequency distributions. A cursory 
examination of these graphs discloses a lack of conformity between the 
empirical distributions of sample chi-squares and the theoretical chi
square distribution. This divergence can be expressed quantitatively 
by applying the usual chi-square test for goodness of fit. gj Table 
11 indicates that for all three characteristics the differer..ces bet,.reen 
the empirical and theoretical distributions are highly significant. 

Thompson, Catherine M,, "Table of Percentage Points of the x2 
Distribution", Biometrika, Vol. 32 (1941-42), pp. 187-189. 
When making tests for the goodness of fit of. an empirical distri
bution to a theoretical distribution, which consists of more than 
two classes, a m~tinomial distribution is involved. The chi
square distrihltion is an excellent approximation tD the multi
nomial. distribution for large samples, therefore, tests of 
compatibility can be based upon it. 
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TABLE 11. CPI-5QUARE VALUES MEASURING APPROXIMATIONS TO THE CHI-SQUARE 
DISTRIBUfiON 0.8"' DISTRIBUTIONS C'F 100 SAFPLE CHI-5QUARESz 
THREE FARM-BUSINESS CHARACTERISTICS, SENECA COUNTY, 194tl. 

Farm-business Degrees of Chi-square value calculated 
characteristic freedom at 1% level chi-square 

value 

Total acres operated 11 24.73 95o34 
Acres in crops 11 24.73 322.96 
Productive-man-work units 11 24.73 1122.01 

Empirical fincl.ings thus contrast quite sharply at this point with 
theoretical expectations. 

Sampling Distri bl'.tion of Standard Deviations 

The experimental evidence in the preceeding section indicates that 
the chi-square distribution may not be very useful in obtaining an 
approximation to the distribution of sample chi-squares when the samples 
come from a non-normal universe., such as the 556 full-time farms in Seneca 
County. The next statistically logical step would be an empirical 
evaluation of the actual distribution of sample variances from such a 
universe. Since the standard deviation is a more meaningful statistic 
to most agricultural economists, it -..till be examined here instead. 

Theory is of little help at this point. The exact sampling dis
tribution of the standard deviation is known for an infinite normal uni
verse. ~1e mean of this distribution asymptotically approaches the uni
verse standard deviation as the sample size increases the variance is 
equal to the universe va:eiance divided by 2 (n-1). It is not knmm, hm-v
ever, how well this distribution is approximated by the normal curve for 
a particular sruuple size. Little is knovm, also 1 of the effects of non
nonnality on the distribution of the standard deviation. Moreover, the 
variance correction for a finite universe is not readily available. 

:1?igures 33-35 show frequency distributions of standard devia tiona 
for the 100 samples for total acres operated, acres in crops, and 
productive-man-work units. Class intervals were set at one-half of the 
actual standard deviation ef the sample standard deviations. These 
class intervals were measured to the left and right of the !Tlean of sample 
standard deviations. A normal frequency histogram is superimposed upon 
each freq·l.1ency distribution for visual comparison. Quantitative com... 
parisons of t~;ese distributions with the normal frequency histogram by 
use of tha chi-squa:-.."6 test for goodness of fit (table 12) indicate that 
two of the c1istr.Lbutions do not deviate significantly from the normal, 
while the distribution for productive-man~vork units does differ 
significantly (probably the effect of the one large farm). 
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FIGURE 33. FREQUENCY DISTRIBUTION OF 100 SAMPLES OF 100 FULL-TIME 
FARMS BY SAMPlE STANDARD DEVIATION, TOTAL ACRES OPERATED1 

SENECA COUNTY, 1948 • 
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, ___ 
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FIGURE 34. FREQUENCY DISTRIBUTION OF 100 SAMPLBS OF 100 FULL-Til~ 
FARMS BY SANFL!i: STANDARD DEVIATION, ACRES IN CROPS, 
ShN~CA COUNTY, 1948 • 
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FIGURE 35. FREQUENCY DISTRIBUTION OF 100 SAMPLES OF 100 FULL-TIME 
FAR!V.S BY SAMPU STANDARD DEVIATION, PRODUCTIVE-MAN-WORK 
UNITS, SENECA C Ol.JlJTY :~ 19 )-J.8" 
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'l'ABLE 12. CHI...SQUARE VALUES MEAStJRING APffiOXIMATIONS TO NORMAL OF 
DISTRIBUTIONS OF 100 SAJo:IPLE STANDARD DEVIATIONS, THREE 
FARM-BUSINESS CHARACTERISTICS, SENECA COHNTY, 1948. 

Farm-business Degrees of Chi-square value Calculated 
characteristic .freedom at 5% level chi-square 

value 

Total acres operated 7 14.07 5.52 
Acres in crops 7 14.07 9.82 
Productive-man-work units 7 14.07 88.26 

-59 

Each of these distributions has a mean approximately equal to the 
universe standard deviation, but not the variance theory would lead us 
to expect if our universe were nonnal and infinite (table 13) • 

TABLE 13. COMPARISONS OF THE MEANS Al~D VARIANCES OF 100 SAHPLE 
STANDARD DEVIATIONS Vf.ITH THEORETICALLY EXPECTED VALUES! 
THREE FARM-BUSINESS CHARACTSRISTICS, SENECA COUNTY 1 1948. 

Farm-business 
characteristic 

Val.ues for sample standard 
deviations 

Mean V~ance 

--------------------------------------
Total acres operated 
Acres in crops 
Productive~-work 

units 

109.44 
66.75 

292.74 

124.98 
86.19 

576h.75 

Theoretically 
expected values 

Me'an Variance 

109.10 
6i.c2 

288,0}) 

60.11 
23.37 

421.33 

We might conclude from this rather incomplete investigation that 
the sampling distribution of standard deviations of samples of size 
100 from a non-normal universe of 556 full-time farms in Seneca County, 
is approximated by the normal distribution, if the universe cbes not 
have an extremely long tail, even though the actual distribution of 
variances does not very closely approximate the theoretically expected 
sampling distribution. If this is true, the tabulated probabilities for 
the normal distribution could be used for testing hypotheses and for 
setting oonfidence limits for the sample standard deviation. On the 
other hand, the relationship between the universe variance and the 
variance of this samplir..g distribution must be determined and we must 
be able to estimate this variance from the sample, i.f these findings are 
to have practical usefulness. 
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Samplin~~tribution of t Values 

We have presented above, empirical evidence that tre distributions 
of means of samples of 100 farms are approximately normal for most of 
the farm-business characteristics considered in this study. Thus the 

distribution of the standard deviate x "" x - ....u , follows rather ax 
closely the tabulated probabilities for the standard normal distribution 
in these cases. In a practical sampling situation, however, inasmuch as 
the universe mean and universe standard error of the mean are usually 
unknovm, ·we must deal with the variable x - "ll in testing hypotheses 

fo~ 
and setting confidence limits for means. Tte di.stri bution of this 
variable vras, the ref ore, investigated in this study. 

Theory tells us that the ratio of the deviation of the sample mean 
to the sample standard error of the mean, expressed symbolically as 

(x - "ll) 
t • A.... x 1 is distributed as Student's t, with n-1 degrees of 

freedom, when the sample is taken from a normal universe. Treory places 
three restrictions on this ratio, however, in proving it to be distri
buted as Stu:l.ents t t; the deviations of the sample mean must be normally 
distributed, the square of the sample standard deviation (from which the 
sample standard error is computed) must be chi-square distributed, and 
the sample mean and sample standard deviation must be independent. 

Thus far we have shown that for samples from the non-nonnal universe 
of 556 full-time farms in Seneca County, the deviations of the sample 
means are approximately nonnally distributed. Our experirr.ental evidence 
seems to indicate, however, that squares of the sample standard deviations 
are not chi-square distributed. We turn now to the third restriction, 
the independence of the sample me an and the sample standard deviation. 

Scatter diagrams have been constructed in this stuqy in an attempt 
to identify relationships between sample means and sample standard 
deviations for three farm-business characteristics; total acres operated, 
acres in crops, and productive-man-work units (figures 36-38). .An 
examination of these scatter diagrams indicates that the means and stand
ard deviations of samples from a non-normal universe of full-time farms 
are not independent. The degree of the relationship between these two 
statistics may be measured quantitatively in each case qy the linear 
correlation coefficient (table 14). It can be shown that all of these 
correlation coefficients are highly significant. 
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TABLE 14. CORRELATION BETWEEN SAHPLE Mi?.ANS AND SANPLE STANDARD 
DEVIATIONS, 100 SAHPIES OF FULL-Tlllli FAID1S, SENECA COUNTY, 
1948. 

Farm-business 
characteristic 

Total acres operated 
Acres in crops 
Productive-man-work units 

Correlation 
coefficient 

.592 

.681 

.719 

-64 

O:t is of interest to observe again the effect of the one large farm 
on sample results for productive--man-work units (figure 38 ). The "DI7enty
four samples vi!ith a standard deviation of more than 400 productive--man
work units, each includes the farm with 3701 units.) 

Thus the t values for our experimental samples have met only one of 
the three restrictions which theory says a variable must satisfy before 
it can be expected to follow Student's t distribution. Even though this 
is true, we shall see that the actual distr:ibution of experimental t 
values does not differ greatly from the theoretical distribution. 

Before making comparisons between the empirical and theoretical dis
tributions of t, a further explanation must be introduced. Student's t 
distribution rapidly approaches the normal distribution as freedom levels 
increase above thirty degrees. For 99 degrees of freedom, the degrees 
of freedom associated with our SaiT~le t's, the difference between the 
two distributions is very small. 1/ Since values are tabulated for 
many more probability levels for the standard normal distribution than 
for Student's t distribution, it is convenient here to use the tabulated 
probabilities for the normal distribution as close approximations to the 
values for Students' t distribution. 

Figures 39-41 show frequency distributions o:f t values for the 100 
samples for total acres operated, acres in crops, and productive-man-work 

Y Comparisons between Student's t distribution for 99 degrees of free
dom and the standard normal distribution at given probabili~ levels. 

Probability level 

.so .90 o95 .99 
Dev~ate value 

Student's t o.677 1.66 1.98 . 2.63 
Normal . o.674 1.64 1.96 2.58 
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FIGURE 39. FREQUENCY DISTRIBUTION OF 100 SAMPLES CF 100 FULL-TIME 
FARMS BY t VALUES, TOTAL ACRES OPERATED, SENECA COUNTY, 
1948 • 
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FIGURE 40. FREQUENCY DISTRIBUTIONS OF 100 SAMPLES OF 100 FULL·TIME 
'FARMS BY t VALUES, ACRES IN CROPS, SENECA COUNTY, 1948 • 
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FIGURE 41. FREQUENCY DISTIITBUTION OF 100 SAMPLES OF 100 FULL-TIME 
FARMS BY t VALU.t!:S, PRODUCTIVE-MAN-WORK UNITS, SENECA 
COUNTY, 1948 • 
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units. From theory, the expected mean of each of these distributions :is 
zero, and the expected variance is one. Therefore, class intervals were 
set at one-half arrl were measured to the left and right of zero. A 
normal frequency histogram is superimposed upon each of the frequency 
distributions to aid in visual comparisons. The chi-square test for 
goodness of fit (table 15) indicates that two of the empirical distri
butions do not deviate significantly from the nonnal. The frequency 
distribution for productive-man-work units, however, does differ 
significantly. 

TABIE 15. CHI-8QUA_.-qE VALUES MEASURING APPROXD1ATIONS TO NORMAL OF 
DISTRIBUTIONS OF 100 SAEPLE t VALUES, THREE FARM-BUSINESS 
CHARACTE:RISTICS, SENECA COUNTY, 1948. 

Farm-business 
characteristic 

Total acres operated 
.Acres in crops 
Productive-man-work 

units 

Degrees of 
freedom 

7 
7 
7 

Chi-square value 
at 5% level 

14.07 
14.07 
14.07 

Calculated 
chi-square value 

7 .. 79 
llo59 
19.69 

The actnal mean and variance of the three frequency distributions 
of sample t values did not differ greatly from the theoretically ex
pected values of zero and one respectively (table 16). 

TABIE 16. NE.ANS JuiJD VARIANCES OF 100 SPJ'IPLE t VALUES, THREE FARM
BUSIN:SSS CHARACTERISTICS, SENECA COUNTY, 1948. 

Farm-business 
characteristic 

Total acres operated 
Acres in crops 
Productive-man ... vmrk ooits 

~tean 

0,016 
-0.134 
-O.o69 

Variance 

1.10 
1.21 
1.28 
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Even though sample t values for samples of 100 from the non-normal 
universe of full-time farms in Seneca County do not satisfY the re
strictions theory places on a variable for it to be distributed as 
Student's t, our empirical findings indicate the actual distribution of 
t values to be approximated fairly well by Student's t distribution, 
except when the parent universe has a very long and discontinuous tail. 

Since Student's t distribution is sensitive to sample size, an 
investigation should be made of the t values for different sample si$es. 
before any general conclusions should be drawn as to how well tbe dis
tribution of sample t values from a particular non-normal universe is 
approximated by Student's t • 
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SU~~y AND IMPLICATIONS 

This progress report summarizes the results of applying a simple 
randon sampling process w a universe of SS6 full-time farms in Seneca 
County. These 556 farms represent 86 per cent of all full-time farms 
in the County. Universe frequency distributions were constructed and 
universe parameters vvere computed for nine selected farm-business 
characteristics; total acres operated, acres in all crops, acres in in
tensive crops, acres in corn, acres in small grains, acres in hay, number 
of dairy cows, number of sheep, and total productive-man-work units. All 
of the universe freqooncy distributions were highly skewed w the right, 
deviating significantly from the normal distribution. The universe dis
tribution for productive-man-work units contained one farm with more 
than twice as many units as the next smaller farm. The presence of this 
extremely long, discontinuous tail greatly affected the sample results 
for this characteristic. 

For this experiment, 100 samples af 100 full-time farms were draw-n 
at random from the above universe. An empirical investigation of the 
sampling distributions of means, variances, standard deviations, and t 
values was made for three farm-business characteristics; total acres 
operated, acres in crops, and productive""!l!lan-work units, The sampling 
distributions of means for the first fifty samples also were investigated 
for the six additional characteristics~ 

The distributions of sample means for all tu t one of the character
istics did not deviate significantly from the normal distributiono The 
means and variances of the distributions of sample means were approxi
mately equal to the theoretically expected values, It also was found 
that unbiased estimates of these parameters can be o bt.ained from in
dividual samples urrler the conditions of this study. 

The distributions of the 100 sample variances were significantly 
different from the expected chi-square distribution. 

The distributions of the 100 sample standard deviations for two of 
the three characteristics did not deviate significantly from the nonnal 
distribution, The distribution for productive--man-work units did differ 
significantly. The TIBans of all three st&.nclard deviation distributions 
were approximately equal to theore·~·ically expeeted values but the 
variances were greatly different from th~;; expected. 

The distributions of 100 sample t vaJues for two of ths three 
characteristics did not deviate significantly from the theoretical dis
tribution., The distribution for productive-man<•Work units did differ 
significantly. 

This is only one small effort toward the accumulation of empirical 
evidence regarding the nature of certain sampling distributions for 
samples from non-nonnal universes of the kind commonly encountered in 
the measurement of farm-business characteristics under New York State 
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conditions. This one experiment is by no means exhaustive, nor is it 
conclusive. Perhaps 100 samples are not enough to give a true indication 
of the sampling distributions. Perhaps samples of different sizes would 
yield decidedly different results. We know from statistical theory that 
small samples require special treatment; pemaps our sampling results 
would have been quite different if our samples had been very small. If 
another experiment were conducted using data from another area, the re
sults might still be different, even though the rew universe had dis
tributions somewhat similar to the ones examired in this study. There 
are unlimited possibilities for further research along these lines. 

Even though the results of this experiment are defin.'.tely limited 
in scope and conclusiveness, it seems worthwhile, nevertheless, to 
spell out explicitly the implications they have for agricultural 
economists studying universes like the full-time fanns of Seneca County 
by the sampling techniques used rere. 

1. The agricultural economist is justified in using tabulated 
probabilities for the normal distribution in testing the significance 
of differences between hypothesized universe means and sample means, 
and in setting confidence limits aoout sample :rr.eans. This holds 

x -Ill • X-~ is whether the standard deviate, 1 or the t varJ.able, 
considered. Gi Ax 

2. The use of the chi-square distribution may not be valid in 
making tests of hypotheses and setting confidence about the sample 
variance. 

3. Since the variances of usual interest to agricultural economists 
are not distributed as chi-square, the use of the F distribution (which 
is a ratio of two independent chi-square distributions) in testing for 
relationships in an analysis of variance may be questioned. Distri
butions of actual F values fer samples from farm-business universes must 
be investigated, however, before a well founded working rule can be 
established on this point. It may be that, through compensating effects, 
the ratios of two variances are conmonly distributed as F, even though 
the variances themselves are not distributed as chi-square. 

4. The normal distribution would be useful as an approximation to 
the distribution of sta.ndard deviations from samples similar to those 
taken in this study if i:he expected variance of this distribution were 
known. Further theoretical a..TJ.d empirical investigation is necessary 
before agricultural econ:>mists can make we of the tabulated probabilities 
for the normal distribution in making tests of hypotheses and in setting 
confidence for the sample standard deviation. 

5. The usefulness of standard statistical techniques will be 
increased if the agricultural economist sets upper and lower size limits 
on his sampling universa of farms. This would decrease the possibility 
of having universe dist:cibutions for important fazm-business character
istics, that are extremely non . ..normal, with modes at or not far above 
zero and long~ discontinuous righ t-.hand tails. 
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APPENDIX 

SAMPLE STATISTICS FOR SELECTED 

FARM-BUSINESS CHARACTERISTICS, 

INDIVIDUAL SAMPLES OF 100 FULL-TIME 

FARNJS, SENECA COUNTY, NEW YORK 
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• TOTAL ACRES OPERATED 

Ninety five per cent confidence limits based on universe data: 
155,29 - ( 194.41 , 

X ' 
- Clml.u1ative s2 Sample X s s-

X 
ave~age 

ot x's 

1 201•03 201.03 13469.14 116.46 10e51 
2 183.80 192.42 13015.23 114.08 10.33 
3 170.63 185.15 12790.86 113.10 10~24 
4 188.32 185.94 12761.45 112.97 10.23 , 164.90 181.74 9531.02 97.63 8.84 
6 184.48 182.19 12768.01 113.00 10.23 
7 190a08 183.32 ~ 10092.45 100.46 9.10 
8 163.57 180.85 8660.21 93.c6 8.43 
9 175~53 180.26 1351.5.60 116.26 10.53 

10 185.54 180.79 14504.43 120.43 ;1.0.91 
11 167 • .34 179.57 1075'1.35 103.69 9.39 
12 160.64 177 ;,99 9140.82 95.61 8.,66 
13 189.29 178.86 19104.o94 110.02 9.96 
14 176.16 178.,66 13036.94 114.19 10o34 •• 15 174o26 178.37 12726.41 112.81 10.22 
16 178.15 178.36 16233.87 127.41 11.54 
17 177 .o3 178.28 10091.89 100.46 9.10 
18 177.22 178.22 11950.94 109.32 9.90 
19 177 .. 91 178.20 13544.57 116.38 10.54 
20 180.79 178.33 11288.05 lc6.,25 9.62 
21 183.30 178.57 12474.96 111.69 10.11 
22 180.63 178.66 12533.14 lll .. 95 10,.J.1L 
23 166.54 178.14 10007.61 100.04 9.o6 
24 182.66 178.32 10807.78 103.96 9.Ll 
25 168.60 177.94 7888.20 88.82 8.o4 
26 173.45 177.76 11587<>91 107.65 9.15 
27 179.72 177.84 11187.80 105.77 9.,58 
28 177.12 177.81 15477.69 124.41 11 .. 27 
29 160.1.6 177.,20 12057.71 109 .• 81 9.94 
30 178e.86 177.26 14248.99 119,37 10.81 
31 170.92 177.05 11346.09 106 .. 52 9.65 
32 187.,80 177.39 10.579.43 102 .• 86 9.31 
33 160.,79 176.89 9361.2.5 96 .. 75 8.76 
34 179e21 . 176.95 10984.07 104.80 9.49 
35 189.05 177.30 17328.09 131.64 11.,92 
36 169.58 177 .. 08 14058.28 118.57 10.74 
37 159.08 176.60 7838.88 88.54 8.02 
38 184.15 176~80 12756.58 112.9.5 10.23 
39 180.79 176.,90 12835.91 113.30 100 26 

• 40 153.12 ~ ... 76.30 6049.04 77.78 7.04 
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• TOTAL ACRES OPERATED (Continued) 

---
Curnula ti ve 

average 
52 Sample x of x•s s s-X 

86 1.63.33 176.14 9766.65 98.83 8.95 
87 185.32 176.25 lh740.32 121.41 10.99 
88 162.09 176.09 8300.81 91.ll 8.25 
89 185.23 176.19 11391.82 1<:6.73 9.67 
90 165.24 176.07 10323.72 101.61 9.20 
91 157.28 175.86 11127 .so 105.49 9.55 
92 171.57 175.82 10874.78 104.28 9.44 
93 171.08 175.77 13204.60 ll4.9l 10.41 
94 169.76 175.70 13517.21 l.l6.26 10.53 
95 171g76 175.66 12172o53 110.33 9.99 
96 170.64 175.61 12519.57 112.16 10.,16 
97 179.99 175.65 14956.76 122.30 11.07 
98 179.14 175.69 12531.43 lll.94 10.,14 
99 169.55 175.65 11458.72 107.05 9.69 

100 174.41 175.61 11524.67. 107.35 9.72 

•• 

I • 

• 
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• ACRES IN CROPS 

Ninety-five per cent confidence limits based on universe data: 
85.53 ~ f ~ 109.93 

Cumulative 
Sample - s2 X average s s-

of x's X 

1 115.24 115.24 6804,59 82.49 7.47 
2 104.12 109.68 6333.24 79.58 7.21 
3 93.93 104.43 5346.74 73.12 6.62 
4 108.45 105.44 6278.90 79.24 7.18 
5 95.20 103.39 3777.88 61.46 5.51 
6 101.21 103.02 4824.98 69~46 6.29 
7 105.79 103.42 4387.20 66.24 6.00 
8 89.68 101.70 3811e01 61.73 5.59 
9 98.38 101.33 1892.75 43o51 3.94 

10 101.37 101.34 4652.74 68.21 6.18 
11 91.59 100.45 4654.85 68.23 6.18 
12 93.80 99.90 5221.86 72.26 6.54 
13 1o6.91 100.44 4628.65 68o03 6.16 
14 97.27 100.21 5051.57 71.12 6.44 
15 92.51 99.70 3013.30 54.89 4.97 

•• 16 97.99 99.59 5143.69 71.72 6.49 
17 99.82 99.60 4985.69 70.61 6.39 
18 99.71 99.61 4390.36 66.26 6.oo 
19 96.16 99.43 4.533.69 67.33 6.10 
20 101.,22 99.52 5168.19 71.89 6 • .51 
21 101.18 99.60 5073.44 71.23 6.45 
22 100.23 99.63 4213.01 64.91 5.88 
23 95.56 99.45 3908.0.5 62.51 .5.66 
24 101.79 99.55 4390.39 66.26 6.oo 
25 94.67 99.35 3291.33 57.42 .5.20 
26 9.$.16 99.19 4541o02 67.39 6.10 
27 98.56 99.17 4818.84 69.42 6.29 
28 95o31 99.03 4918.88 70,13 6.35 
29 86.24 98.59 3112.83 55.79 5.05 
30 101.62 98.69 7268.67 85.26 7.72 
31 92.69 98.50 3348.37 57.87 5.24 
32 100.95 98.51 Ll81.53 64.66 5.86 
33 89.90 98.31 3627.02 60.22 5.45 
34 104.56 98.50 4797.28 69,26 6.27 
35 103.85 98.65 5539.12 74.43 6.74 
36 95,08 98.55 6421.40 80.13 7.26 
37 88.o4 98.26 2921.58 54.05 4.89 
38 101,85 98.36 5130.33 71.63 6.49 
39 100,43 98.41 5008.78 70.77 6.41 
40 84.83 98.07 2392.22 48.91 4.43 

• 41 107.27 98.30 8198.44 90.53 8,20 
42 95.28 98,23 4782.12 69.15 6.26 
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• ACRES IN CROPS (Continued) 

--
Cumulative 

i Sample -X average s sx 
of :x:1 s 

43 109.75 98.49 8247 .os 90.81 8.22 
44 92.64 98.36 5144.80 71.73 6.50 
45 103.85 98.48 5037.36 70.97 6e43 
46 91.22 98.32 3187.20 56.46 5.11 
47 102.76 98.42 2780.69 . 52.73 4.78 
48 94.28 98.33 4935.41 70;)25 6.36 
49 87.48 98.11 3343.44 57o82 5.24 
50 98.43 98.12 5145.97 71.74 6.50 
51 92.57 98.01 4117.51 64.17 5.81 
52 100.84 98.o6 4254 .. 17 65.22 5 .. 91 
53 89.24 97.90 2910.16 53.95 4.88 
54 108~12 98.09 6481,.36 80.51 ·7.29 
55 104.39 98.20 6778 .. 18 82.33 7 .. 46 
56 94.39 98.13 5957.45 77.18 6.99 
57 97.18 98.12 3550.68 59.59 5.40 
58 90.89 97.99 32c:6o57 56.63 5 .. 13 
59 103.89 98.09 3852.81 62.07 5.62 
60 94.63 98.03 4632.33 68.c6 6.16 •• 61 95.23 97.99 3420.83 58.49 5.30 
62 107.61 98.14 5999.31 77.46 7 .. 01 
63 103.95 98.23 6169.48 78.55 7(!11 
64 105.41 98.35 5701.80 75.51 6.84 
65 lo4~18 98.44 3181.61 56 .. 41 5~11 
66 88 .. 91 98.,29 3341.25 57 .. 80 5.23 
67 111.75 98.49 6074.37 77.94 7 .o6 
68 94.42 98o43 3622.85 60.19 5.45 
69 100.72 98 .. 47 4175.80 64 .. 62 5.85 
70 83.15 98.25 2217 .. 63 47.09 4.26 
71 99.70 98.27 5397.95 73.47 6.65 
72 88.51 98.13 3818.98 61.80 5.60 
73 92.01 98.05 2762.17 52.56 4.76 
74 86,.61 97.89 3384.89 58.18 5 .. 27 
15 96,00 97.87 3416.81 58~45 5.29 
76 94.40 97 .. 82 3723 .. 45 61=02 5.53 
77 103.53 97.90 5921,20 76 .. 95 6.97 
78 1cbv86 98.01 4861.88 69.73 6.31 
79 95<>82 97 .. 98 5122o84 71.57 6.48 
80 102o77 98.04 5748.16 75o82 6 .. 87 
81 101.75 98.09 5157.69 71.,82 6.50 
82 91.22 98.01 3526.56 59 .. 38 5.,38 
83 87 0 70 97.88 3164,.60 56.25 5o09 
84 92.91 97.82 2691.11 51.88 4 .. 70 
85 99 .. 71 97.85 5769.61 75.96 6 .. 88 

• 86 91 .. 75 97.77 3284.,21 57.31 5c19 
87 98.,64 97.78 4599.42 67.82 6.14 
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ACRES IN CROPS (Continued) 

Cumulative 

- ave::age 
s2 Sample X of x's s s-X 

88 93.89 97.74 3576.32 59.80 5.42 
89 ll1.19 97.78 4597.57 67.81 6.14 
90 88.75 97.68 3813.65 61.75 5.59 
91 86.76 97.56 3199.39 56.,56 5.12 
92 97.67 97.56 4o8o.85 63,. 98 5.78 
93 100.42 97.59 6188.,87 78.67 7.12 
94 94.86 97.56 4513.76 67.18 6.,08 
95 97.22 97.56 5632.56 15.05 6.80 
96 93 .. 91 97.52 5199.37 72.11 6.53 
97 100.66 97.55 4561o39 67.54 6.12 
98 93.71 97.51 2992.19 54.70 4 .. 95 
99 99.83 97o54 5425o31 73.66 6.67 

100 97.19 97.53 3640.,54 60.34 5.46 

•• 

• 
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PRODUCTIVE-MAN-YvORK UNITS 

Ninet,y-five per cent confidence limits based on universe data: 

365 .• 27 ( x < 468.83 ·--
Sample - Average i 62 s sx X 

---·-----
1 490.12 490.12 93045 .• 53 305.03 27.62 
2 435.87 463.00 79215 .• 73 281.45 25.56 
3 385.65 437 .• 21 48969.73 221.29 20.04 
4 444.43 439.02 85401.30 292.24 26.46 
5 394.96 430.21 .58625 .. 43 242 .• 13 21.93 
6 480.17 438S3 176327.86 419.91 38.02 

(.:. 

7 458.66 441.41 78724.36 280o58 25.41 
8 386.78 434.58 69001.00 262.68 23.79 
9 449.08 436.19 164641.79 405.76 36.74 

10 468.37 439.41 178219.30 422.16 38 .. 23 
11 373.65 433.43 52524.82 229.18 20.75 
12 413.65 431.78 74792.07 273.48 24.76 
13 469.03 4J4s6.5 194129.81 440.,60 39to90 
14 426.34 434.0.5 74458.65 272.87 24.71 
1.5 394.42 431.41 52931.13 230.07 20.83 

•• 16 464.2.5 433.46 185766.,31 431.01 39.03 
17 418.84 432.43 586.53.28 242.18 21.93 
18 441.23 432.92 83282.79 288 • .59 26.13 
19 41.5.89 432.02 172072.16 414.82 37.56 
20 432.09 432 • .57 82123.15 286.57 25.9.5 
21 4.52.39 433.51 174115.94 417.27 37.79 
22 460.70 434.7.5 7.5966.25 27.5.62 24.96 
23 371.04 431.98 5126.5 .. 76 226.42 20.50 
24 41J.08 431.20 S36o4.66 231.53 20,97 
2.5 438.07 431.47 66.554.45 257.98 23.36 
26 416.5.5 430 .. 90 75431.24 274.65 24.87 
27 474&54 432.51 184214.49 429.12 38.87 
28 416.10 431 .. 93 .59041S7 242,98 22.00 
29 379.97 430 .• 14 67728.94 260.2.5 23.57 
30 437.85 430.39 166791.97 408.40 36.98 
31 403o55 429.53 56462ft90 237.62 21.52 
32 408.87 428.88 39052.74 197.62 17.90 
33 380.08 427.40 42719.44 2ct).69 18.72 
34 426.72 427.38 71562.10 267.51 24.22 
35 461.94 428.37 181218.61 432.69 39.18 
36 398.74 427.5.5 71082.82 266.61 24.14 
37 387.57 426.47 50517.77 224.76 20.35 
38 425.81 426.4.5 67819.30 260.42 23 • .58 
39 452.33 427.11 180934.59 42.5.36 38.52 
40 366.33 425.59 37881.70 194.63 17.62 
41 4.56.81 426.3.5 184869.00 429.96 38.93 • 42 402.03 h25.78 74674.27 273ot·27 24.75 
43 439.21 426.09 183588.49 428.47 38.80 
44 428.63 426.15 164365.,97 405.42 36.71 
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PRODUCTIVl!-MAN..i.'lORK UNITS 

Sample - s2 X Average x s s-
X ........... _ __. ___ 

45 416.71 425.94 71220.84 266.87 24.17 
46 461.$9 426.71 177792.99 421.66 38.18 
47 416 .. 59 426.50 54635.17 233.74 21.17 
48 447 .. 75 426.94 179843.42 424.08 38.40 
49 4o6. 70 426.53 168912.88 410 .. 99 37.22 
50 398.18 425.96 58521.51 241.91 21.91 
51 415 .. 04 425 .. 74 68489.41 261,70 23.70 
52 427.86 425.78 54858.59 234.22 21.21 
53 397.26 425.25 64763.22 254.47 23.04 
54 428.95 425.32 76734.25 277.01 25,.08 
55 409.62 425.03 49215.11 221.84 20o09 
56 413.28 424.82 87263.47 295.40 26.75 
57 428.37 424.88 6oa.56.94 245.27 22.21 
58 410.07 424.63 73962.41 271.96 24.63 

.59 431.47 424.74 63948 .. 17 252.88 22.90 
60 414.97 424.58 85628.80 292.62 26.50 
61 412.52 424.38 58485.99 24lo84 21.90 
62 462.65 425.00 181175.02 425.65 38.54 

". 63 447.26 425.35 171816.62 411. .. 51 37.54 
64 459.24 425.88 171347.98 413.94 37.48 
65 4oo.35 425.49 51o68. 76 225.98 20.46 
66 389.53 424.94 60749.99 246.48 22.32 
67 443.84 425.23 88837.67 298.06 26.99 
68 394.54 424.78 52332.92 228.76 20.72 
69 412 • .36 424.60 62863.77 250.;73 22o70 
70 360.38 423.68 40002.20 200.,01 18.11 
71 409.32 423.48 70780e75 266.05 24.09 
72 390.98 423.02 69273.41 263.20 . 23.83 
73 410.94 422.86 56163.C6 236.99 21.46 
74 364.83 422.07 50538.38 224.81 20.36 
75 405.32 421.85 45381.84 213.03 19.29 
76 399.73 421.56 62299.47 249to60 22.60 
77 444.04 421.85 79517.05 281.99 25.54 
78 451.28 422.23 66845.15 258.54 23.41 
79 398.41 421.93 68912.16 262.51 23.77 
80 442.52 422.19 84893.34 291.36 26.38 
81 437.76 422.38 79984 .. 89 282.82 25.61 
82 370.07 421.74 44441.04 210.81 19.09 
83 370o66 421.l2 50298"16 224.27 20 .. 31 
84 418.75 421 .. 10 68165.20 261.,08 23.64 
85 393.71 420.77 60714.70 246.40 22.31 
86 407 .o5 420.61 66750.56 258 .. 36 23.40 
87 437.04 420.80 71543 .. 62 267.48 24o22 
88 397.07 420 .. 53 41483.62 203.67 18.44 • 89 429.35 420.63 69785.48 264,17 23.92 
90 391.26 420.31 58998.64 242.90 21.99 
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PRODUCTIVE-MAN-VJORK UNITS 

Sample Average i s2 s S_x 

91 394.08 420.02 64681.44 254.33 23.03 
92 439.25 420.23 161954.35 402.44 36.44 
93 436.81 420.41 180120.43 424.41 38.43 
94 444.56 420.66 76091 ... 32 275.85 24.98 
95 458.24 42loo6 193266.77 439.62 39.81 
96 388.70 420.72 44857.32 211.80 19.18 
97 441.91 420.94 86312.24 293.79 26.60 
98 410.98 420.84 60045.54 245.04 22.19 
99 425.23 420.88 1.61797.11 402.24 36.42 

100 426.87 420.94 59440.74 243.80 22.08 

~ • 

.. 

• 
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INTENSIVE CROPS ACRES IN CORN 

P (1.18 < x < 7.28) = .95 P (7.16 < x < 10.36) • .95 

Cumulative Cumulative - -Sample X average 
of its 

X average 
of X's 

1 5.44 5.44 10.15 10.15 
2 5.83 5.64 8.27 9.21 
3 2.89 4.72 7.98 8.80 
4 3.87 4.51 8.87 8.82 
5 3.19 4.24 9.52 8.96 

t 6 6.07 4.88 9.34 9.02 
7 4.50 4.83 9.59 9.10 
8 3.42 4.65 7.76 8.94 
9 6.33 4.84 9.07 8.95 

10 6.76 5.03 8.85 8.94 
11 2.57 4.81 8.03 8.86 
12 4.69 4.80 8.60 8.84 
13 8.17 5.c6 9.36 8.88 
14 3.76 4.96 9.c6 8.89 
15 2.63 4.81 9.56 8.9.3 
16 7.20 4.96 9.54 8.97 
17 3.92 4.90 8~91 8 .. 97 
18 5.09 4.91 9.38 8.99 
19 6.05 4.97 8.03 8.94 
20 2.96 4.87 10.48 9.02 

•• 21 6.27 4.93 8 .. 38 8.99 
22 6.40 5.00 9.39 9.01 
23 3.78 4.95 6.72 8.91 
24 3.48 4.89 9.60 8.94 
25 3.81 4.84 9.67 8.96 
26 3.99 4.81 7.89 8.92 
27 7 .. 74 4.92 9.64 8.95 
28 3.78 4.88 9.45 8.97 
29 1.87 4.77 9.54 8.99 
30 4.98 4.78 9.00 8.99 
31 4.40 4.77 7.93 8.95 
32 2.84 4.n 7.72 8.92 
33 2.65 4.65 7.63 8.88 
34 4.56 4.64 8.96 8.88 
35 6.51 4.70 8.85 8.88 
36 3.73 4.67 8.44 8.87 
37 4.17 4.66 7,93 8.84 
38 3.12 4.62 lO.,o6 8.87 

.. 39 6.,76 4~67 9.00 8.88 
40 4.38 4.66 7.60 8.84 
41 7.44 4.73 7o93 8.82 
42 6.15 4e77 7.60 8.79 
43 6.27 4.80 8.59 8.79 
44 5.30 4.81 8 .. 03 8.77 
45 3,.80 4.79 9.49 8.79 

• 46 7.61 4.85 9.89 8.81 
47 3.86 4.83 9.17 8.82 
48 7.56 4.89 7.36 8.79 
49 6.25 4.91 8.42. 8.78 
50 2.61 4.87 9.46 8.79 
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ACRES DJ SMALL GRAINS ACRES IN HAY 

p (35.89 ::::% "'· 49.07) =.95 P (23.11 < x < 32.77) = .95 

Cumulative Cumulative 
Sample - x X average average 

of xts of its 

1 49.62 49.62 34.29 34.29 
2 41.11 45-~ 34.01 34.1.5 
3 44.08 44 • .94 23.60 30.63 
4 46.38 45.30 30.42 30 • .58 
.5 39.1.5 44.07 28 • .51 30.17 
6 40.02 43.39 28.18 29.84 
7 45.64 43.71 30403 29.86 
8 37.15 42.89 26 • .56 29.,45 
9 39.92 42.56 27.45 29c23 

10 43.20 42.63 27.82 29 .. 09 
11 39.61 42.3.5 27o25 28"92 
12 40.43 42.19 26.44 28,.71 
13 43.58 42.30 28.53 28{\70 
14 41.24 42.22 26.33 28o.53 
15 36.12 41.82 29.10 28 • .57 
16 39.00 41.,64 27.20 28o48 
17 44.23 41.79 29.03 28,51 
18 4l-o01 41.75 27,91 28.48 
19 38.66 41.59 29 .. 7.5 28o55 
20 44.20 41.72 28.,97 28.,57 

•• 21 40.80 4lo67 28,97 28<1.59 
22 42.91 41.73 27 o02 28.,52 
23 41.38 41.71 27c24 28 .. 46 
24 47.20 41.94 27.36 28"42 
2.5 39.16 41..83 27.49 28.38 
26 40.8.5 41.79 27 .. 04 28.,33 
27 39.39 41.71 27 .9.5 28,.31 
28 38.34 41 • .58 29.98 28.,37 
29 3.5.89 41.39 23.35 28.20 
30 47.06 41 • .58 25.0.5 28.09 
31 40.58 41 • .55 25.93 28.02 
32 43.87 41.62 30.50 28.10 
33 37.72 41.50 25 • .50 28.02 
34 43.86 41 • .57 29.51 28.C6 
35 37.54 41.45 29.42 28.10 
36 38.81 41.38 27.45 28.09 
37 36.87 41.26 24 • .53 27.98 
38 45.42 41.37 29 • .36 28.02 .. 39 41.28 LJ..37 28.28 28.03 
40 35.33 41.22 24.17 27.94 
41 43.95 41.28 30.38 28.00 
42 39 .. 59 41.24 28.74 28.01 
43 4.5.39 41.34 31.90 28.10 
44 39.46 41.30 26.41 28 .. 07 
45 42.76 41 .• 33 30.32 28 .. 12 

• 46 33.76 41.16 26.60 28.08 
47 45.03 Ll.2.5 27.49 28.07 
48 36 • .51 41.15 26.33 28.03 
49 36.33 41.05 24.17 27.96 
50 42.47 41.08 27.05 27.94 
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NUMBER OF DAIRY CCUS NUMBER OF SHEEP 
P (6.95 < x <9.99): .95 P (.35 < x ( 8.37) : .95 -- Cumulative Cumulative - -Sample X average X average 

of x1 s of x' s 

1 10.36 10.36 3.16 3.16 
2 8.55 9.46 5.52 4.34 
3 7.79 8.90 5.19 4.62 
4 9.27 8.99 2.92 4.20 
5 7.98 8.79 2.35 3.83 
6 9.43 8.90 1.74 3.48 
7 10.25 9o09 4.82 3.67 
8 8.40 9.00 3.63 3.67 
9 9.17 9.02 2.02 3.48 

10 9.92 9.11 6.76 3e8l 
11 7.38 8.95 4.03 3~83 
12 8.81 8.94 1.10 3.,60 
13 7.82 8.86 6.,20 3 .. 80 
14 8.97 8.86 2.42 3.70 
15 8.81 8.86 5.95 3 .. 85 
16 8.83 8.86 6.03 3o99 
17 8.87 8.86 5.27 4,.07 
18 8.30 8.83 2.27 3 .. 96 
19 7.53 8.76 7.06 4c13 
20 8.50 8.75 5.92 4 .. 22 •• 21 9.30 8.77 4.01 4.21 
22 9.84 8,.82 3.25 4.16 
23 6.82 8.73 5.01 4~20 
24 8.79 8.74 4.37 4.21 
25 9.49 8.77 3.60 4.18 
26 8.59 8.76 4.13 4 .. 18 
27 9.50 8.79 7.02 4.29 
28 9.16 8.80 4.76 4.30 
29 8.99 8.81 3.72 4.28 
30 8.53 8.80 3.67 4.26 
31 8.01 8. 77 4.21 4.26 
32 8 .. 76 8.77 2.98 4.22 
33 7.63 8.74 6.03 4.28 
34 8.60 8.73 1.87 4.21 
35 8.86 8.74 3.27 4.18 
36 7.89 8.71 3.28 4.15 
37 7.47 8.68 3. 02 4.12 
38 8.87 8.69 4.85 4.14 
39 9.38 8.70 2.93 4.11 
40 7.21 8.67 3.17 4.09 
41 8.25 8.66 3.74 4.08 
42 7.37 8.62 3.38 4.()6 
43 7.16 8.59 9.57 4.19 
44 7.63 8.57 6.72 4c25 
45 8. 72 8.57 3.21 4.23 • 46 8.76 8.58 3.37 4.,21 
47 8.88 8.58 7.98 4.29 
48 7.76 8.57 2 .. 99 4.26 
49 7.19 8.54 8.74 4.35 so 7.35 8.52 5.91 4.38 


