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A REPORT ON~HE ~~LING OF COR£T FIELDS
/
/I Wal ter A. Hendricks,

A~ciate Agricultural Statistician

Results of an analysis of data on the sampling of corn fields,
obtained by the Agricultural Adjustment Administrationl/, are given in this

.report. Individual fields were sampled by selecting 4-hill blocks in a
systematic manner which may be described briefly as follows:

The sampler proceeded along the side of the field to a point between
24· and 25 rows from 'one corner. at which poir-t he entered the field to a point
between 24 arid 25 rows from the side of the field ~~d selected a 4-hill block
of which two hills were on'row 24 and t,.,owere on row 25. Similar samples

.'were taken by continuing across the field and taking a 4-hill block on every
succeeding twenty-fourth ~~d twenty-fifth row until the oP?osito side of the
fi~ld was reached. T~e sampler then proceeded down the side of the fioldfor

" the same distaIlCe and began .'taking samples while crossing the field in t1?-e
. '. ':' " i;, I"· . ,'. " . " , ... __ ;, '-,. -. "', ,." ','-'opposite ditect~9l?-~'.'This was. ccmt1nued ~tt.lthc entire field was sampled •

•-;." t,

' .•.... , ..' "'; .' ...
. The' four hills in ··ea.chblock were considered ,to be two samples of -two

hills each and the ears of corn on each 2-hill sample within a block were
weighed as a unit, all weights being 'expressed. in pounds.
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The data for five of the fields sampled in Illinois were used in the
present study. An analysis of variance was obtained to determine the extent
of the average variability between blocks in the same field and between 2-hill
samples in the same block. The data yielded 491 degrees of freedom for esti-
mating the variance between blocks and 496 degrees of freedom for estimating
the variance between 2-hill samples within blocks. The average variance

.between blocks in the same field was 0.74118 while the 'variance between 2-hill
samples within blocks was only 0.43024. The avernge weight of the corn on a
2-hill sample was 3.04 pounds, from which it is evident that the coefficient
of variability of the weight of the corn on 2-hill s~ples within blocks was
about 21.6 percent.

From such an analysis, considerable information regarding the relative
efficiencies of different methods of s~l~ling can be obtained. Strictly speak-
ing, such deductions are predicated on the assumption of a random distribution
of blocks within fields. The fact that the blocks in the present sampling

11 These data were obtained in 1938 under the supervision of
Mr. C. J. Otten of the Economics and Research Section of the North Central
Division in cooperation with State statisticians of the Agricultural Marketing
Service, State Agricultural Conservation Committees, and County Committees
for Illinois, Indiana, and Iowa; and statisticians of the Statistical Laboratory
at Iowa State College.
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study were t.~e~ in systenntic f~s~ion is disturbing fron the point of view of
statistic~l theory, but ~ts effect on the nurJerical results is probably not
very gre!~t because differences DDong the various parts of any given fiel~ nay
h!we been distirbutod at rando!:1. 'il

The data can be applied to determine the extent to which the variability
of the means of any given number of 2-hill samples is affected by increasing ,
the number of 2-hill samples in a block an~ reducing the n~uber of blocks or
vice versa. In order to solve this problem it is necessary to think of the
variability of the block ~eans within a field as consisting of two components.
The first component represents the actual block-to-block differences and the
second represents an additional' effect produced by the sampling errors in the
various estimates of the individual block means. Since each block mean is the
mean of two 2-hill samules, the variance of each of these means, considered
as estimates of the co;responding hypothetical true means is .43024/2. The
vari~~ce of the observed block means about their grand mean is .74118/2. nle
difference between these t\V'ofigures, or 0.15547,rnay be regarded as the vari-
ance of tho true block means which represents the actual block-to-block varia-
tion after the effects of the sampling errors in the estimates of the individual
block means have been removed. If a number of blocks are c~osen at random
and there are N 2-hill sa~les in each block, the variance of the observed
bl~ck means e~out 'their grand mean would be 0.15547 + .43024/N. If there' are
M blecks, the- var~'\nce of- the .moan~.of"tha..K indiY~l_l>.locJc. !Ill3?.lls i~_r~dom
samples of M blocks would be .15547/M + .43024/!~. MN represents the total
number Of 2-hill s~Fles involved •. ~nereforc, the above expression gives the
variance of the mcq.n.of)oIfN. 2-hill somoles distributed in IJl: blocks each cc;m-
taininb N samPles: If "MN'ls'held con~tant at a v1'l.lue,K, the expressi~n"riiay
be written in the form .15547N/K + .43024/K.

By means of this formula it is possible to compute the variance of
the mean of any number of 2-hill samples distributed in any given number of
blocks. For example, if one is interested in the mec~ of 100 2-hill samples,
the variance is 0.0015547N + 0.0043024 in which N is the n~nber of 2-hill
samples in a block. The following figures show how tho variance of tho mean
of 100 2-hill samples changes when those samples are grouped in blocks of
different sizes:

No. of 2-hill samples
in e block

1
2
4
5

10

I-To.of blocks

100
50
25
20
10

Variance of mean of
100 2-hill so~les

0.00536
.00741
.01052
.01208
.01984

~~--~--_._------------_._--~-----------------------------------



The relation is shown grapnically in tho attached chart.
horizontal line in this chart Sh01[ISthE)value tho,t the variance
of 100 2-hill s~~lcs would assume for all v~lues of N if there
differences between true·means of the blocks.

The
of the !:lean
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These results were derived by considering the 2-hill sarr~le as the
sampling unit. Si~il~r re~~lts can be obt~ined even though the total number
of hills in a block is not an eXG~ct multiple of 2. A block containing three
hills may be tre~ted mathematic~lly as a block containing one and one-half
2-hill samples when the fundament~l dcta nrc expressed in terms of a 2-hill
saulpling unit. For example, consider the following problem:

It is desired to conpute the extent to which the variance in the mean
of 40 blocks would be increased by reducing the nUr.lborof hills per block from
4 to 3 •. The variance of the mean of 40 4-hill blocks is .15547/40 + .43024j80
or 0.009265, since the nuober of 2-hill s~les per block is equal to 2. If
thore were only 3 hills in a block, the n~~ber of 2-hill saoplos per block
would be equal to 1-1/2 and the variance of the mean of 40 such blocks would
be .15547/40 + .43024/60 or 0.011058.

The elimination of one hill from each block increases the variance of
the mean of the 40 blocks 19.35 percent. Eliminating one hill from each block
is equivalent to roducing the total nunber of hills froo 160 to 120. It is .
interesting to see how the variance of the 6e~~ would be affected if tho total
nUI:1berof hills were reduce~'fror:r"i'6o--to-'120 bT elinlMting' lO""'hoi"e--lllbcks .....
and retaining 4 hills in oach of the re~~ining 30 blocks. In this case there '
would be two 2-hill sanples in each block and the variance of the mean of the
30 blocks would be .15547/30 + .43024/60 or 0.012353. Reducing the total num-.}":
ber of hills froo 160 to 120 by this method increases the variance of the ~ean
33.33 percent. It is evident that, if one wishes to reduce the size of the
total sample tween fron a field, the conco!:litantloss of precision will be
gre~ter when whole blocks are elininated t~~ when an equivalent nunber of
hills are elioinated fron each block.

The results presented a~ove show that s&Jples of hills of corn,
taken for the purpose of estioating yield per acre, should be grouped in
blocks as soall as practical consider~tions will pe~it. From the point of
view of statistical efficiency, lJc.'1.Xir.lUl:lefficiency is attc.ined with the small-
est nunber of hills per blocky but the additional labor involved in increasing
the total n~~ber of blocks ~ust be taken into account to decide whether or
not the increased precision of results is worth the price of the additional
tine and labor required to attain it.



0
l2; ~

I
I
I,
I
! ,y,

t'
I

'(

CD

•N
0
t')• ~8

oW• 0

~

0
+ 0

fA co rot

i ~ .0•
,~

Jo
fA •• Q)

~ \0 ~
rot ~~ 0 ••

~ en 0 Q)

• 10 ••••...•
~ i~

,,0' .'---I eI' N ••.'
0 'H
0 0

,".I•••• ...•
~ • Jo ""

~ Q)Jt
~ ,Q / )f''\

i CfJ i\
~

~ S
~ t?

t} ~...•
•• ~ lZ~

~
< at

...•

o
ooo.•

10

8
o••••o•

10...•o.
o
No.


	page1
	titles
	,1 
	' .•.... , .. ' "'; .' ... 
	} 
	I 

	images
	image1
	image2
	image3
	image4


	page2
	page3
	titles
	t 

	images
	image1


	page4
	titles
	...• 
	o 
	o 
	o 
	. 
	• 
	10 
	8 
	• 
	10 
	o 
	. 
	. 

	images
	image1
	image2
	image3
	image4

	tables
	table1
	table2



