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A survey study entitled "New York Farmers' Knowledge of. Participation
in. and Suggestions on Agriculturel Programs" was conducted in the Fall of
1951 through the cooperative efforts of the Extension Service. the Experi-
ment Station of the New York Stats College of Agriculture. and the Bureau
of Agricultursl Education of the New York State Education Department. The
general purpose of the study is indicated by its title. and the mai.a results
now appear in Cornell Extension Bulletin 864 '"New York Farmers' Opinions
on Agricultural Programs" by Edward O. Moe. The present study. consisting
of an investigation into the sampling variability inherent in a survey such
as this 1s intended as an aid to investigators who may in the future con-
duct opinion surveys of New York State farmers. Most of the results which
follow will apply only to surveys of similar design and only to studies of
"full time farmers"; i.e., those who obtain at least half of their annual
income from operating a farm.

The design employed in this survey is commonly known as the "stratified
area~segment sample'; here the individual counties formed the strata and the
the Master Sample segments formed the area-segments within each county.

The number of sample segments for a county was determined by applying a
constant sampling rate to the total number of Master Sample segments in the
county: segments were then randoﬁly selected with the aid of the Master
Sample maps. Interviewers were given maps on which the sample segments
were outlined and were instructed to interview all full time farmers in
these designated areas. A total of 754 segments were selected in this man-
ner with an aim to obtaining roughly 2000 interviews; earlier studies in-
dicated that Master Sample segments in New York State contained an average
of three full time farmers. The actual returns amounted to 1530 interviews
and a known additional 179 eligible farmers were not interviewed. Informa-
tion was also obtained on number of census farms and non-farm occupied
dwelling units in each sample segment.

In the first presentation of the survey results the accuracy of the

estimates was appraised by means of binomisl probability theory; i.e., the



stratified area-segment sample was rcgarded as equivalent to a simple ran-
don somple of fixed size 153C from a single binomial population. Tt is

not irmediately clear whether this apnroximation would lead to an overes-
timate or an underestimate of sampling errory the stratification of the
samplc would tend to reduce sampling error below binomial variancey the
clustering of the population elements within area segments represcnts an
opposing force which tends to increase sampling crrorjy the fact that sample
size was in fact a chance quantity instead of fi:ed as in the binomial
approximation has an unknown effect upon sampling orror. In estimate of
the anount and direction of bias in the binomial apnroximation was obtained
by comnuting as a more precise estimetc of sampling crror the variance of
a ratio of chance quantitiese. Table 1 and Figurc 1 present a comparison
of these two estimates of sampling crror for 14 aquestions fron different
content areas of the questionnaire; the variances are comparcd on the
basis of the confidence intervals which they gencrate under the normal
apnroximatione. Figure 1 reveals thot the binomial approximation tended to
uncercstimate sampling error to some cxtent, though the bias is ncgligible
from a practical point of vicwe This is a heartening result in light of
the fact that, due to its oxtreme simplicity, thc binomial cpnroximation

is widely avplied in practice.

The information on numbrr of farm and non-farm occupicd dwelling units
in cach sample segrent provides a check on the nrcsent day accuracy of the
lMastcr Sarmple maps when the man count is compared to the obscrved count.
Figures 2-6 show contrasts betwecen the frequency distributions of obser-
ved counts and map counts, revealing that the indicated number of census
farms on the liaster Samplo maps tends to be larger than the number of cen-
sus farms actually found in the segmentsy likewisc, the map count under-
cstimates the number of non-farm occupicd dwelling units while fairly close
agreerent oxists between mop count ond observed count of the total number
(farm and non~farm) of occupicd dwelling units per sogments The moans

of these distributions ares

Map Survey
average number of census farms per segment 33 3.67
average number cf non-farms ner scgment 3653 6.18
average number of occupicd dwelling units 496 9.85



Table 1
95 % Confidence Limits
Computed from
Estimated Sampling Error

Estimated Variance Pooled
Percent Binomial 1) of a 2) Variance
Favorable Variance Ratio of.a 3)
Question p ole] ratio
n
11 70478 65451=73406  68438-73410 68432-73424
13 29.41 27e13=31s70 26483-31499 26495~31.87
16 L/ o51 4240247400 4149047412 41 432=47,20
34 83427~ 81 eh0=85e14  £1405-85:49  81425-8529
42 63440 60698=05431 60676266404  60480=66,00
48 58476 56629=61422  56403=6148  56410=6] .42
49 95423 04416=96430 9440696439  94,06-06.39
51 33073 31636=36409 31422-36423 31.17~26,79
57 70,33 68404=T72462  67477=72488  67436=7280
59 29 035 27 -06-31 063 26 983"31 087 26 089“31 ‘sn).l.
66 85 442 83466=87419  83.,61=87424 83,51~37.33
90 61496 50053w64e39  59¢21mbLe7l  59a3Lubl 53
o7 60446 58 401 =62 491 58 813=52 478 57482=53510

1) The limits are computed from p #* 1;96;1/%9.

where n=1530 and p =

2) The 1limits are computed from p £ 1.964/V(p).
2
s

where V(p) = r(ler) ;L:.Z Ni( s;i

where r = #0282 + = the sampling rate
k = 56 = the number of strata or counties in the sample
Ni = the number of Master Sample segments in the i'th county
yij = the number of farms, or interviews, in the j'th segment
of the i'th county
x13= the number of favorable responses among the yij inters
views in the 1j'th segment
S;i = the sample variance of yi; within the 1'th stratum
S;i = the sample variance of xij within the i'th stratum
61 = the sample ocorrelation between yij and xij within the
‘ i'th stratum
- 3) The limits are computed from the least squarcs curve fitted to

number of favorable responses in the samplc

i=1
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Figure 2. A comparison oi the irccuency distribution of the number of all farms per scgment as
inficated oix thn Mosior Semple maps and the number cnumerated by a personal visit to
the segrent. Totel numbor of scgmonts = 407
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Firure 3. A ~omparisorn of =he freansacy Custribdutions of the number of non-farm
[} - -
oceupicd dwellin. gnits ner sogment os indicated on the Master Sample
maps and the muibor cimacrated by a personal visit to the segment.
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Figurc 5. & comparison of oo vrequaaey diatrloavion of the differences
mumber of farme pcy segment os indicated on Master Sample
maps - number of farms mnumcrated by personal visit, and number
of non-farms per segment as indicated on liaster Sample maps -
mmbers of non-farms emumeratcd by a personal visit.
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The close agrccment between the binomial variance and the variance of a

gests that the binomial approximation may be used satisfactorily in

5=

ALS o
ratio sug

evaluating the accuracy of similar survey studics in the futurc. ILilcwisc,

binornial probability theory might be uscd to determine the sample sizc nccessary

to insurc any spccificd degrec of accuraecy in the survey resultse The accura-
cy of an cstimate S is, however, measurced by thc variance pa/n which cannot
be known in advance even when the samwle sizc n is spccificdg Furthermore, =~
the sample size n, measured in terms of mumber of intorviews, 1s not under
the complete control of the investigatorg the number of sample sogrnents may
be speeificd in advance but the rcsulting mumber of intervicws is a chancc
quantity and hence cannot be nredictcd with certoeinty. In general, however,
onc nay scfely assume that among the items on his quostionnairc there is ot
least onc for which the population splits roughly 50-50, where the quantity
pa is meximizoede Choosing a sample sizc to insure a specificd depree of
accuracy for such a question automatically insures an cven grecater degrec of
aceuracy for other questions wherc the population split is different from
50=50s Thus, for cxample, the investigator may wish to know the number of
sanple scgments to usc in order to insure that when the population proportion
is p = 1/2 his cstimoto p will lie within the intervel «475¢ D < o525 with
probability at lcast «95§ in other words, he might wish to know thc number of
sample scgnents to vse in order to insure with probebility at lcast «95 that
his cotimote will lic within 2 1/2 percentage points of the ponulation percen-~
tage which he is cstimatinge This required number of sample scgicnts may be
ocstimated quite accurately with the aid of the distribution of number of
intervicws per scgricnt (Figurc 7) obtained in this studva

Let k denote number of seghents in the sample and Nk derote the number
of intcrvicws obtcined from k sample scgieontsg Lk is then o chance quantity,
and we shall approximate its distribution by the normel distribution with mean
2411 and standard doviation 1.78\/E. Likewise, under largc sarmple thcory
we have that the sample nrovortion ﬁ is normally distributed with mean 1/2

. 1 - .
and standeord deviation —~7=-' Then we choose the smallest k for which
v

P [A75¢ D¢ +5251k] > P [W4754D ¢ 05250 = n, ] « P[5 > nlx]= 95

where



P[.475¢ B<525|Me=n,k ] = P[2 /n (.475-.5)<t<2mn (.525-;5)] 2 g
where
$-1/2
is normally distributed with mean zero and variance 1; and, likewise,

n - 2.11k
P [Nk> nlk] = P [t>-zjggf7§-~ Bys 88y = 95

Letting ta . t_ be such that
n 8

Pl-1t, < t ¢t a
[ a, 8y ] =8,
Plt>t, ]=a
we have that

2 /n(.525 -~ .5) =

&
or
£2
n =
.0025
and
n-~-2.11k - .
1.78 Jk 8x
hence
2,11k + 1.78tak\/i -n=
or
/ ) 5 ~ 2
- 1.78t, + /3.17t5 + 0211t
K = 8y 8y &n

O

- u’oeg

The problem then is to determine the values of 8, and ay which produce the
smallest value of k. Perhaps the simplest procedure to follow 1s the iter-
ative method which in this case gives the minimum k=808 for &, = .95° =nd
g = -9979.

We may in addition. present the investigator with a range on the
number of interviews he may expect if he.uses k = 808 sample segmente; we
may calculate two numbers n and n such that

P[n\Nk<'fi k] = .95

which for k¥ = 808 has a solution

n = 2.11 (808) - 1.96 (1.78) JB08 = 1606
A o= 2.11 (808) + 1.96 (1.78) /808 = 180k,

Table 2 presents additional results for various degrees of accuracy. The
table applies only to survey studies of full time farmers in New York State

where the survey design is identical to the one described here.

-l -



Table 2
Minimum number of sample segments required to assure with
probability at least .95 that the estimate D lies within

o2 percentage points of the population proportion p.

Number of 95% Range Expected

Sample on Number of Number of

(01 Segments Interviews Interviews
1% 18,747 39,078-40, 034 39,556
2 L, 776 9,836-10.3%20 10,077
3 2,164 4,403~ 4 729 L,566
4 1,241 2,496~ 2. 7h2 - 2,618
5 808 1,606~ 1.80k 1,70k
6 573 1,125~ 1,293 1,209
7 hor 829- 973 901
8 33l 6hk1- 769 705
9 269 511- 625 568
10 221 bik- 518 466
11 - 186 345  Lh4o 393
12 159 202~ 380 336
13 138 251- 332 291
1k 121 217- 294 255
15 107 190- 262 226
16 96 169- 237 203
17 86 kg~ 21k 182
18 78 134k- 195 165
19 71 121~ 179 150
20 65 109~ 165 137



