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in Central outlt Dakota 

,.,----------SUMMARY------------

In the summer of 1965,160 farmers 
and ranchers in Faulk, Aurora, 
Hyde, and Gregory counties were 
interview d to determin their ex
perience in b f cattle production 
and pasture management. Fifteen 
variables w re quantified from data 
obtained in the survey. Simple cor
relation and multiple correlation 
analyses were made to identify vari
abl s associat d with the amount of 
pasture improvement work under
tak n. The correlation analyses were 
mad using all ranchers included in 
the survey and also using only those 
ranchers who had don improve
ment work. 

A distinction needs to be made 
between the amount of pasture im
provem nt done and the decision to 
do pasture improvement work in 
either a small or a large amount. 
Simple correlation analysis revealed 
that those who had decided to 
do pasture improvement work, ir-
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respective of the amount done, 
tended to have: (1) higher scores 
in their understanding of pasture 
improvement technology, ( 2 ) a 
more innovative nature, ( 3 ) lower 
age, ( 4 ) high r expectations of suc
c ss from a new seeding, ( 5 ) high r 
ranking for pasture improvem nt 
in terms of profitability, and ( 6 ) an 
opinion that pasture improvement 
could be done on a small scale basis. 

Among those ranchers who have 
done pasture improvement work, 
simple corr lation analysis revealed 
that those with high amounts of 
acres per animal unit and those 
who w re younger in age had done 
the most pasture improvement 
work. Among all ranchers in the sur
vey, there was a significant associa
tion between the amount of pa ture 
improv ment work done and in
novativeness as w 11 as the degr e 
to which handling of livestock 
while seeding becomes estabished 

. .( 
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was observed as a problem. 
Multipl correlation analysis 

showed that approximately 13% of 
the variation in the amount of pas
ture improvement work done can be 
explained bythe variables employed 
in this study. This is a relatively 
·mall amount, but the association of 
the independent variables with the 
depend nt variable is statistically 
significant. Those factors that con
tributed most significantly to the 
variation in the amount of pasture 
improvement work done were inno
vativeness of the rancher, his expec
tations regarding a satisfactory 
stand from a new seeding, and his 
opinion regarding the profitability 
of range improvement. Among those 
ranch rs who had done pasture im
provement work, the factor most 
closely associated with the amount 
of pasture improvement work done 
was the pasture acres per animal 
unit. Those ranchers with the great-

er pasture acres per animal unit 
were the ranchers who had done the 
most pasture improvement work. 

These relationships have implica
tions for both research and Exten
sion work. Research work to develop 
improved techniques for pasture 
renovation and to reduce the risk 
factor in establishing new seeding 
would aid in getting more pasture 
improvement work done. Additional 
studies to provide information on 
the costs and returns from pasture 
improvement would al o help. Farm 
and ranch tours to observe success
ful applications of pasture improve
ment would aid in developing 
rancher understanding of the tech
nology involv cl. Likewise, the use 
of demonstration plots, information 
on improved varieties and methods 
of seeding and other educational ac
tivities of this nature can influ nee 
the amount of pasture improvement 
work done. 
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Pasture Improvement 
An Analysis of Rancher Attributes 

in Central South Dakota 

By 
f1 1:. RB E RT R. ALLE and RLx D. J h .Ll'INSTINI:.* 

INTRODUCTION 

In the summer of 1965 a survey 
was mad of 160 farmers in Faulk, 
Aurora, Hyde, and Gregory coun
ties to determine th ir experience in 
beef cattl production and pasture 
management. This survey marked 
the arly phase of a joint project of 
the Departments of Economics, 
Agronomy, and Animal Science 
titled "The Efficiency of Beef Cattl 
Production in South Dakota with 
Various Methods of Land Use and 
Cattle Management." The project 
involves developing new techniques 
for pasture improvement and test
ing various management practices. 

Previous studi have indicated 
that tam grass pastures can profit
ably be included in the land use pro
gram of ranches in Central South 
Dakota ( 1 ). However, in this survey 
only 29 out of 160 farmers and 
ranchers reported having tame grass 
pastures as part of their land use 
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program. Fourteen out of the 160 in
t rview d reported pasture im
provement experience involving na
tive pastures. The type of pasture 
improvements reported included 
fertilization , resting the range, rota
tion grazing, new seeding of native 
grass and interseeding into native 
grass pastures. Th number of 
ranchers reporting pa ture improve
ment exp rience is shown in table 1. 
Sixty-five different farmers and 
ranchers reported pasture improve
m nt activiti s. Many of these did 
pasture improvement work in sev
eral of the cat gorie Ii ted in table 
1. In vi w of th importance of high 
producing grassland for beef pro
duction , the results of this survey 
raise qu stions as to why more 
ranchers have not engaged in pas-

* A~sistant rrofe~~or of economics; a~ ociate 
dean of C,raduatc School and profe~~or of 
Economics, respectively. 



turc improvement work. This publi
cation helps identify some of the fac
tors associated with pastur im
provement work by ranchers in Cen
tral South Dakota. 

Table 1. Number of ranchers report
ing pasture improvement 

experience. 

Type of 
Pasture Improvement 

Number of 
Ranchers Reporting 

Tame grass seeding* . ................. 47 
Native grass seeding;- 6 
Native pasture fertilized 6 
Tame grass fertilized 13 
Range rested .. 2 
Rotation grazing on native grassland 4 
Intersceding into rangeland 2 
Si;,rayed for weeds 2 

Total number of different ranchers 65 

T ame g rass includes: bromegra~~. tame rye, 
intermed ia te w hca tg ra~s, crc~tcd whca tgra~~. 
Rm~ia n wild rye, recd canary, ~udan gra~~. 
a nd various m ixtu res of the~c grasse~ with 
alfa lfa. 

I Native g rass include~: western whca tgra~~. 
nccdlcgra~~c~, ~w itchgras~, big bluc~tcrn , ~idc
o .t h grama, and blue g ram a. 
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METHOD AND PROCEDURE 

Simple linear correlation and 
multiple correlation analys s were 
employed in identifying factors as
sociated with the amount of pasture 
improvement work by ranchers. 
Fifteen variabl s were identified for 
us in the model. These variables 
are listed in ta hie 2. Vari a hie X 11 

represented total acr s of pasture 
improv m nt work and s rved as 
the dep nd nt variable. Variable 
X15 also served as a dependent vari
able. The mathematical model may 
be express d: 
X14 =a+ h1 X1 + b 2 X2 + 

... + brn X1:1 
It was not the intent of this analy

sis to establish as ociations for pre
dictive purposes. Consequently, in
terest was center d on the associa-

Table 2. Varia b les used in multiple 
correla t ion model. 

X1=Net worth 
X2=Expectation of a satisfactory stand from a 

new seeding 
X3 Risk and uncertainty associated with beef 

cow herds relative to other enterprises 
X,= Profitability of range improvement rela

tive to other alternatives 
X5= Pasture improvement may be done on a 

small scale 
X,,=Degree to which handling of livestock 

while seeding is established is observed as 
a problem 

X;=Pasture acres per animal unit 
X,=Per cent of total land operated that is 

owned 
Xu=Understanding of the technology of pas-

ture improvement 
X,o=Innovativeness of the rancher 
X 11 = Age of the operator in years 
X1,=Years of formal education 
X13=Total ranch acres 
X11 = Total acres of pasture improvement work 

done in a recent 10-year period 
X13= Did or did not do any pasture improve

ment work 
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tion betw en variabl sand the near
ne s of this association as mea ured 
by the coefficient of det rmination. 

Data for quantifying the variables 
used in this tudy came from a sur
vey of 160 farmers and ranchers in 
Faulk, Hyde, Aurora and Gregory 
counties. This is th survey pr vi
ou ly mentioned and will hereafter 
be r ferrecl to as the "surv y." 

MODEL VARIABLES 
Net Worth (X 1) 

Net worth for ach rancher was 
arrived at through an inventory of 
his assets and liabilities obtained in 
the survey. 

Expectation of Satisfactory 
Stand from New Seeding (X2) 

Rancher who have a high expec
tation for a satisfactory stand from a 
new seeding may be more likely to 
do pasture improvem nt work than 
those who have a low expectation. 
Seeding failur s add to production 
cost with no addition to returns. A 
low expectation of success would 
deter ranch operators from making 
this type of investment. Each ranch
er included in the survey was asked 
to state the number of years out of 
five that he would expect to obtain a 
satisfactory stand from: (a ) a new 
seeding of tame grass, ( b) a n w 
ceding of native grass, and ( c ) in

terseeding a pasture-type alfalfa in
to a native grass pasture. The ranch-
r's responses to each of the three 

different types of se ding were to
taled for a score. The maximum 
score attainable was fifteen and the 
minimum score was zero. 



Risk and Uncertainty Associated 
with Beef Cow Herds Relative to 
Other Enterprises (X ., ) 

B f production is th ' major liv -
stock ·nterprise in Central outh 
Dakota. One hundred forty-nine 
ranchers out of the 160 k 'pt a beef 
cow h 'rd. Thi mean that a high 
proportion of grassland production 
i · processed through a beef cow 
herd. The rancher's h liefs regarding 
the amount of risk and uncertainty 
associated with a beef cow herd may 
influ nc ' the amount h is willing to 
inve t in grassland improv ment. 
The risk and uncertainty factor, 
however, is a relative thing and can 
be m asured only in r lation to oth
er alten,ativ' nt rprises available 
to the rancher. The e would include 
the mor common alternatives of 
rai ing sheep or hogs, st er grazing, 
and crop production. The nter
prise list cl in table 3 were present
ed to the ranch rs. They wer asked 
to rank them from on to six on the 
basis of dependability of income. 

The ranking which a rancher gave 
to the cow-calf operation and the 
cow-yearling operation were added 
together for a score. A minimum 
pos ible score of 3 would indicate 
that th · rancher rated b ef cow 
herds fir t in cl penclability of in
com '. A maximum possibl' score 0£ 
11 would inclicat that beef cow 
herds w 'r ranked la t in dep ncl-

T able 3. Enterprise ranking accord-
ing to dependability of income. 

Enterpri e Average ranking 

ow-calf operation 1.5 
heep raising 2.9 
ow-yearling operation 3.4 

Hog rai ing 3.7 
Yearling steer grazing 4.4 
Cash crop production 5.0 
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,1hility of income. The average score 
for each enterprise, as shown in table 
:3, indicates that ranch 'rs considered 
a cow-calf operation 1 ss risky than 
.. my of the other •nterpriscs. Th 'Y 
considered cash crop production the 
most ri ky. 

Profitability of Range Improvement 
Relative to Other Alternatives (X 1) 

Hancher wer ' asked to consider 
the alternative areas of investment 
presented in table 4. 

Table 4. Profitability ranking of 
various investment alternatives. 

Enterpri e Average ranking 

Increa ing size of beef cow herd I. 3 
In vesting in another 

live tock enterprise 2.65 
ln ve ting in range improvement 3.03 
In ve ting to increa e crop 

production 3.09 
lnve ting in Government bond 4.4 

~ ach ranch r then ranked the al
ternatives in order of likely profita
bility p r $100 inv steel. The range 
in po sibl score for any one ntcr
pri~ would be one to fiv '. If ranch
ers believe that capital earns a 
smaller return when invest d in 
range improv m nt, as compar d to 
other alternatives, they may not in
vest in range improvement work. 
The average ranking given to range 
improv ment by 156 ranch opera
tors included in the survey was 3.0,'3 . 
However, investing in crop produc
tion was ranked on an equal ba is 
with pa ture improvement work as 
shmvn in table 4. Ranchers, on the 
average, would invest to increase 
th ' siz of the beef cow herd or in
vest in om other liv tock enter
prise b fore investing for range im
provement. Government bonds w re 
rat ,cl last in relative profitability. 



Degree to Which Range 
Improvement May Be Done 
on a Small Scale (X .;) 

Enterprises or practices that may 
he conducted on a small scale arc 
conducive to adoption on a trial ba
sis by ranch operators. The use of 
frrtilizer is an example of such a 
practice. It may be used on one acn.~ 
of land as a trial or used on all of 
the land if the rancher so chooses. 
Some enterprises arc not adapted to 
trial on a small scale. The adoption 
of a system for grade A milk 1:roduc
tion would he an example of this. A 
farnwr could not invest a srna II 
amount of money and sell part of 
his milk on the grade A market. Ile 
must make considerable investment 
in milking equipment, pipe lines, 
bulk cooler, etc. A decision to shift 
to grade· A milk production would 
come slower than a decision to use 
weed sprays, fertilizer or any other 
practice that may he adoptc•d on a 
small scale. The consequences of a 
decision on a small scale activity arc 
not as great as for those on a large 
scale. ff pasture improvement work 
must he carried out on a large scale 
basis it may he likely to deter invest
ment in this area. Ranchers who be
lieve pasture improvement work 
must he clone on a large scale hasis 
mav not be as likelv to invc•st in pas
tur~' improvement work as those 
who clo not. Ranchers in the survey 
were asked whether range improve
ment could he clone a few acres at a 
time each year or whether it would 
have to he clone a whole pasture at 
a time. A yes or no response was _ob
tained. This vaiiahlc was therefore 
fitted into the model as a dummy 
variable ( :3 ) . In the correlation 
model 'T' equals yes and "O" equals 
no. Out of 156 ranchers included in 
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the survey, 8.5 answered yes , 61 an
s,vcrccl n~> , and 10 didn 't know. A 
total of 54125f of ranclwrs surveyed 
indicated that they believed range 
improvement work could he con
ducted on a small scale basis. 

Degree to Which Handling of 
Livestock is Observed 
as a Problem (X r;) 

\Vlwn pasture improvenwnt work 
is c.:1rriccl out. it may he necessary to 
keep livestock off the range for a 
period of time. This may cause prob
lems in handling livestock. Other 
pastures on \Vhich livestock can 
graz<' may not he available. Hanch
c·rs in the survey wer<> asked: Do 
\ 'OU consider that handling your cat
tle whil<' reseC'ding rangeland is 

1. No problem? 
2. Somewhat of a problem? 
:3. An important problem? 
4. A very important prohlC'm!' 

A score of 4 was given to those re
sponcl<'nts who felt that handling of 
livestock was a very important prob
lem. Those who felt that no prob
lem was involvccl received a score of 
one. If a rancher felt that hanclling 
livestock while seeding or improving 
a portion of a rangeland was a v<>ry 
important problem, he would he 
wo11 lcl he less likely to undertake 
improvcnwnt work. 'There wer 56 
respondents who felt that no prob
lem was involved, 41 lwlicved it 
was somewhat of a prohlC'm, 26 re
garded it as an important problem, 
and 3:3 stated that it was a very im
portant problem. 

Current Stocking Rate (X7) 
Those who desire to cxpancl the 

size of their bed hercl may do so hy 
several means: ( 1) Hent or buy 
rnon' pasture land , ( 2) improve 



their pasture productivity, or ( 3) in
crease the stocking rate. A rancher 
who is currently overstocking his 
pasture may be more likely to en
gage in pasture improvement work 
than one who is not. Data from the 
survey permitted the computation of 
total pa ture acres and total animal 
unit on pasture during 1965. Acres 
per anima] unit wer calculated for 
each rancher and used as an inde
P ndent variable in the model. 

Per Cent of Total Land 
Operated that is Owned (X[,I ) 

Ownership may permit greater 
security of tenure a:(ld greater free
dom of management. Under these 
conditions ranch operators may be 
in a better position to make long 
time plans for range improvement. 
The per c nt of land owned wa 
computed for each ranch included 
in the survey and used as an inde
pendent variable in the model. 

Understanding of the Technology 
of Pasture Improvement (X9 ) 

To obtain satisfactory results 
from pasture improvement it is nec
essary to use proper technology. 
This indudes us of adapted varie
ties, use of fertilizer, proper plant
ing methods, and many other prac
tices. If a rancher docs not under
stand this tcchno]ogy he may be re
luctant to begin any pasture im
provement work. With the assist
ance of agronomists at South Dakota 
State University, a set of questions 
was formu]atcd which would meas
ure a person's understanding of pas
hue improvement technology. Each 
question was scored on the basis of 
the type of response. The set of ques
tions and the technique for scoring 
is presented in table 5. 
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A total score was computed for 
each rancher by summing the scores 
on each question. The total score 
wa · used as an ind pendent vari
able. 

Innovativeness of the Rancher (X 10 ) 

It was decided in advance of the 
survey to measure innovativ ness by 
a technique developed by Rogers, 
Havens, and Cartano ( 2). Their ap
proach involves determining an in
novativeness score for each farmer 
for the purpose of categorizing 
adopters of farm practices as to their 
degree of innovativeness. Innova
tiveness measures the degre to 
which an individual is early in 
adopting practices as compared 
with other members of his commu
nity. Ranchers who are innovative 
in nature may do more pasture im
provement work than those who are 
not. The method of computing the 
innovativeness core is presented in 
the Appendix. 

Age of the Operator in Years (X 11 ) 

Okler operators may not be inter
ested in making Jong time invest
ment· i11 range improvements. fany 
factors associated with age may act 
to cause an individual to avoid in
vestments in range improvements. 
Age was therefore fitt d into the 
model as an independent variable. 

Years of Formal Education (X d 
Formal education and training 

may facilitate an understanding of 
the vain ' of pasture improvement 
as well as the methods for doing it. 
Years of formal education were used 
as an independent variable. 

Ranch Size (X /./) 
Operators of large ranches may be 

more' interested in doing pasture im
provement work than operators of 



small ranches. Many factors such as 
capital position, personal charac
teristics of the operators, or ade
quate land for handling live tock 
while reseeding may caus ranch 
size to be a factor related to the 
amount of pasture improvement 
work done. Total ranch acres were 
used as an independent variable in 
the model. 

Acres of Pasture 
Improvement Work Done (X11) 

The amount of pa ture improve
ment work done was measured in 
acres. It was the dependent variable 
in the mod I. Interviewers asked 
each rancher in the survey to list any 
kind of pasture improvement work 
which had been done within the 
last 10 years ( in this case the 10-

Table 5. Scoring system on familiarity with range improvement technology 

Question and R ponse Score 

1. What fertilizer would you use on native range? 
(a) Use phosphorous or don't know ----······ .... _ ····-···-- ···········- 0 
(b) Use a mixed fertilizer or above 40 pounds of nitrogen per acre ..... ----·······--·---········-·· 1 
(c) Use 10-40 pounds of nitrogen per acre .. . .. . .. ···---······-·-······--···--· 2 
(d) Use no fertilizer or would take a soil sample . .... ... . ... ················--······-······------· 3 

2. What plants would be be t for interseeding into native range? 
{a) Don't know or none ... ·······--·- ···-····· ··--································ 0 
(b) Any type of clover ... .. . ... .................. ................... . _ . ·---··--·············- . 1 
{c) Alfalfa alone or crested wheat alone ...................... _________ ...... __ . . ....... _ .............. ___ 2 
(d) Only grass plants .... . ...... .. . . .. .... _________ .. _ ........................................... _ ..... 3 
(e) Both alfalfa and grass -----------· ___ ........... _ . . ......... --···---········--·-----···--······· __ 4 

3. How can one best control gum weed and pasture thistle? 
{a) Don't know ___ ... ... ·-···-----···························--············· 0 
(b) Mowing ........... _ -----·--·····-----······---· ·····--······-----·········---··-------····--···· 1 
{c) Use 2,4-D ____ ··-· .. .. .......................... ·-····--····--··-----·------··--··-·······--·-- 2 
(d) Specifies rate, time and form of 2,4-D use . . ...... _ ......................... 3 

4. Between what dates are cool sea on native gras e most productive? 
(a) Don't know or any time previous to May 1 .. _ ............ --··----·--·---··-·-······· ..... 0 
(b) May 1 to July 15 ... .. .. ··------········----··-·-·······-···········---··---····--····-- 1 
(c) June 1 to August or September .... ·-···---------···----------····------··-- . ··-. ... ···--·----·----·-·---- 2 
(d) June 1 to July 15 ..... ······-· . . . . .. -----------·-.................... - 3 

5. How can we increase production of green grass early in the season? 
(a) Don't know ----·- ··-------·. .. ................ -· ...... . ....... -................ 0 
(b) Apply nitrogen during late fall or in April ........ ······--··-·---··--···--····-- 1 
(c) Use early emerging cool sea on grass {no species) _ ··-·--···----·-------------·· .. 2 
(d) Refrain from late fall grazing ... . . . ... . ... ----·--·-····-··--····--··--·· 3 
(e) Use crested wheat or Russian wild rye or both c and d are stated ....................... ----·····-·· 4 
(f) Both d and e are stated .. . .... .. ··-··-· .... ---·-········----· 5 

6. When is supplemental pasture needed with cool season grasses? 
(a) Don't know ... .. . . . ... . .. ... ... . ........... . ..................................... 0 
(b) Other than July 15 to September 15 .. .... . ....... ·····- .. --·-----------....................... 1 or 2 
(c) July 15 to September 15 ... ___ _ 

7. What is the best height for first spring grazing of green needlegrass or western 
wheat grass? 

............... 3 

(a) Don't know .. .. ........ . .............. ···-····----·--··-- ............................................... ·-··· 0 
(b) 2 to 4 inches or over 10 inches . ········-···-····-------·--·--·-·-·--···········--···----···············----··· ------ 1 
{c) 8 to 10 inches . .. ····- .......... -.. . ...... -.... . ................................. _............................. 3 
{d) 5 to 7 inches ··-------- .... ..... . .... .. . ----···-----------·---------······---- __ 4 

8. What is the best way to improve alkaline or low pots? 
(a) Don't know ___ ..................................... -- 0 
(b) Plant reed canary or creeping meadow fescue in low spots ---···--··--·-···--·--····--····--··· .. 1 
(c) Seed tall wheatgrass in alkaline spots . .. ... .. . ................... _________ ............... 2 
(d) Both b and c are mentioned ......... ................ - ...................... _ ................. _ .............. ____ 3 
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year period up to and including 
1965). Pasture improvement work 
included seedings, resting the range, 
fertilization, w ed spraying, and ro
tation grazing. For purposes of this 
study, pastur improvement work 
was defined as "any activity which 
had as its objectiv an increase in 
pasture production per acre." It in
clud -d th activities presented in 
table 1. 

Pasture acres represent a cumu
lative total of all improvement activ
itie .. For example, if an individual 

seeded 5 acres of brome-alfalfa for 
pastur<> in 1960, 20 acres in 1962, and 
fertilized 50 acres of native pasture 
in 1963, he would have a total of 75 
acres of pasture improvement work. 

Did or Did Not Do Pasture 
Improvement Work (X ,5} 

This was mea ured by means of 
a dummy variabl . A ''l'' indicates 
that pasture improv ment work was 
done and a "O" indicat s that no pas
ture improvem nt work was done 
( 3 ) . 

SfMPLE CORRELATION ANALYSIS 

Table 6 presents the zero order 
correlation coefficients when all 
ranchers ( 156 ) included in the sur
vey were included in the correlation 
analysis. ( Four of the original 160 
rand1ers in th survey are not in
cluded in this analysis because of in
sufficient information. ) The table 
reveals that th amount of pasture 
improvement work done was signifi
cantly associated with innovative
n ss of the rancher and th degree of 
the problem h associat d with 
handling of livestock while seeding 
b comes established. Table 6 shows 
a correlation coefficient of -.169 be
twe n the amount of pasture im
provement work done and the prob
lem of handling livestock. This is 
significant at a 5% level of probabil
ity.The n gative association means 
that those ranch r who rated the 
handling of live tock as not impor
tant have also done more pasture 
improvement work. 

Pasture improvement work was 
carried out by those individuals who 
are more innovative in nature. The 
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association between thes variables, 
as shown in table 6, was ignificant 
at th 1.0% level of probability. 

Table 7 pres nts th zero order 
corr lation co ffici nts when only 
thos ranchers who had done pas
ture improvement work were in
cluded in the analysis. Tabl s 6 and 
7 reveal considerable intercorrela
tion between the variables in the 
mod,]. However, c rtain g n ral 
conclusions regarding pasture im
provement work may b drawn 
from the analysis as follows: 

l. Those ranchers who had pas
ture improvement experience 
had higher scores in th ir un
der tanding of pasture im
provement technology. 

2. Pasture improv ment work 
was done by those ranchers 
who were mar innovativ in 
nature. 

3. Thos ranchers who rat d the 
handling of livestock ( while 
seeding becom s estab
lished ) as not an important 



Table 6. Simple correlation matrix, 156 observations, all farms and ranches drawn in random sample survey. 
- --
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1.000 .032 .041 -.003 .031 - .110 .154 .299+ .043 .315t .205* .081 .713t .088 .008 
2 1.000 .012 .009 .110 - .034 .022 .084 .177* .025 - .037 .021 .033 .157 .198* 
3 1.000 .039 .081 .126 - .058 .043 - .o70 .037 - .073 - .106 - .ll2 .084 .118 
4 1.000 - .165* .042 .017 - .072 - .113 - .101 .207t - .059 - .009 - .153 - .183* 
5 1.000 - .379 1· - .023 - .041 .155 .115 - .099 .080 .068 .109 .187* 
6 1.000 - .101 .012 -.172* -.187* - .031 --.112 - .160* - .169* - .114 
7 1.000 .094 - .138 - .054 .182* - .015 .336 1· .063 -.141 
8 1.000 - .055 .146 .268 1· - .062 .050 .036 .038 
9 1.000 .192* - .245 t- .129 -.031 .ll9 .250t 

10 1.000 - .012 .192* .246 1 .24l t .237t 
11 1.000 - .255 ~ .108 - .005 - .236t 
12 1.000 .092 .004 .038 
13 1.000 .o70 .031 
14 1.000 .549 1-
15 1.000 

---- - ---- - - -- --- -- -·- - --- ---· -
*Significant at .05 level (.157) 
I Significant at .01 level (.206) -I.,.) Table 7. Simple correlation matrix, 64 observations, farms and ranches 

having done pasture improvement work . 
...: -- -

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1.000 .233 - .073 .027 .065 - .118 .060 .248* .000 .377 .378t .148 .630t .180 .000 
2 1.000 - .089 .085 - .078 - .118 .113 .056 .219 .099 .122 .168 .290* .100 .000 
3 1.000 .445t - .047 .080 .024 .094 - .396t .016 .143 - .154 - .141 .042 .000 
4 1.000 - .195 .148 - .096 - .104 - .224 - .162 .190 - .257* .050 - .098 .000 
5 1.000 - .276* .041 .021 .064 .019 .151 .021 .071 .012 .000 
6 1.000 -.285* .028 - .215 - .090 - .195 - .095 -.132 - .208 .000 
7 1.000 - .016 - .125 - .037 .101 .057 .334t .286* .000 
8 1.000 - .174 .199 .238 - .084 - .053 .031 .000 
9 1.000 .151 - .245* .388t - .110 - .035 .000 

10 1.000 .064 .233 .167 .195 .000 
11 1.000 - .300* .173 .259* .000 
12 1.000 .104 - .068 .000 
13 1.000 .098 .000 
14 1.000 .000 
15 .000 

*Significant at .05 level (.246) 
tSignificant at .01 level (.320) 



probl m have clone th great
est amount of pasture im
provement work. 

4. Those with exp rience in pas
ture improvement work were 
found rn o r frequently 
among the younger ranchers. 

5. Rancher who had done pas
ture improvement work had 
higher xpectation of uc
c ss from a new seeding than 
those who had not done pa -
ture improvement work. 

6. Those ranchers who had 
done pasture improvement 
work ranked uch a practice 

higher, in term of profitabil
ity, than did thos ranchers 
who had not clone pasture im
provement work. 

7. Those with experience in 
pasture improvement work 
generally held th opinion 
t h a t rang improvement 
could be done on a small 
scale basi . 

8. Ranch rs who had done pas
ture improvem nt work and 
had a low pasture stocking 
rate ( high acre p r animal 
unit) had also don the most 
past~ire improvem nt work. 

MULTIPLE CORRELATION ANALYSIS 

The 15 variabl s previously iden
tified and di cu s d were included 
in a multipl corr lation analy is in 
thi study. Variabl XH rneasur cl 
the amount of pasture improv m nt 
work done ( acre ) and served a a 
dependent variable. Variable X 1;; 

wa a dummy variable. It measured 
the presence or abs nee of experi
enc in pastur improvement work 
and also wa u d a a dep ndent 
variable in one model. 

Thr multiple r gression models 
were us d. On mod 1 employed XH 
as a dependent variabl with X 1 

through X1:1 as ind pend nt vari
ables. A second model substituted 
X,;, for X, 1 as a dependent variable. 
A third mod 1 u ed only the 64 

0 
R2 (N-k-l) . 

F = with n 1 = k and n:! = 
(l-R2

) (k) 

rancher who had done pasture im
prov m nt work. Variable X 1 

through X 1:{ wer indep ndent and 
XJ.t , as th depend nt variable. 
Th se model ar subs quently re
f rr d to as ~Iod 1 A, Mod 1 B, and 
Model , respectiv ly. 

MODEL A 
A stepwis multipl regre sion 

program for the I.B.~1. 1620 elec
tronic computer was u d for this 
anal sis. Result of the program are 
present d in table 8. Th table pre
. nt th valu for R2 and the com-
put cl F lev 1 ° fort sting th signifi
cance of R2 • It al o how th F 1 vel 
for t sting the additional xplain d 
sum of squares due to introducing a 
specific variable into th problem. t 

-k-1 

( Explained SS with k var. ) - ( Explained SS with k-1 var. ) 
tF = 

( Error S with k variable ) ( -k-1) 

With n1 =- 1 and n:! = N-k-1 
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\Vhen all 13 variables were in
cluded in the regression problem, R:! 
was not significant at the 55l level. 
When variable X:. (rang' improve
ment clone on a small scale ) was 
dropped from the problem, and 12 
indep 'nclent variables w re used, 
the value of R:! stilI was not ignifi
cant. However, when 11, or le , in
dependent variable were employed 
in the model , the valu 'of R:.? became 
significant at the 5% level. It became 
significant at the 1.05{ lewl when 
'igh t or les · independent variables 
were used in the regression model. 

The X11 column in Table iclenti
fi s the variable to he deleted in the 
stepwise regression analysis. For x
ample, ,vith l.'3 independent vari
,lbles, an IF of .l.'3136 was obtained. 
The variable which n'ducecl the ex
plained sum of squares lea t ( re
duce the value of R:.? ) when re
moved from the regression problem 
was variable X;j. The next variable 

to be removed from the model was 
X1 • This is th net worth variable. 
Previous linear programming stud
ies have indicated that a reduction 
in available capital generally re
su ltecl in less pasture improv 'ment 
work and a smaller cow herd ( 1 ) . 
IT m ever, in the current regre sion 
analysis the capital po ition ( as 
measured bv net worth ) was not a 
limiting factor in pastur improve
ment work among the ranchers ur
veyecl. But, in terms of optimum 
organization , if capital is, in fact, a 
limiting factor it will reduce the 
amount of pasture improvement 
work clone. 

T n table when only one inde-
pendent variable remained in the 
model, an R:.? of .05785 was obtained. 
This is the same as the zero order 
correlation coefficient of determina
tion as pres nted in table 6 between 
X11 and X10. Variable X10 measures 
innovativene s. It wa · the variable 

Table 8. F level for testing the signficance of R2 and for testing the signifi
cance of an increase in explained sum of squares due to the introduction of 
an additional variable, 156 observations, acres of pasture improvement 

work as dependent variable. 

(N= Number of Observations k= Numher of Independent Variables) 
Variable 

k N-k-1 R1 R1F Level Xn F Level 

13 142 .13136 1.652 5 0.010 
12 143 .13130 I. 01 1 0.017 
11 144 .13119 l .977t 13 0.044 
10 145 .13092 2.184 1 11 0.114 
9 146 .13024 2.429 1 8 0.110 

147 .12959 2.736* 9 0.262 
7 14 .12 03 3.104* 12 0.413 
6 149 .12560 3.555* 7 0.730 
5 150 .12132 4.142* 3 1.5 1 
4 151 .11205 4.764* 6 2.3 5 
3 152 .09 03 5.501 * 4 2.904 
2 153 .0 079 6.724* 2 3. 20t 
1 154 .057 5 9.456* 10 9.456* 

*Significant at the l 0 level 
tSignificant at the 5°,:, level 
! ignificant at the 6% level 
§ ignificant at the 10% level 
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rnosl sig11ifica11tly associall'd with 
the arno11!lt of pasl11re irnprov('llH'lll 
work clone. \Vlw11 variable .X:.! ( ex
pectation of satisfactory stand from 
a new seedillg ) was added to the 
rnod('L thn(' was a significant in
crease in th(' explained sum of 
sq11ares , as shovm in table ). 

J t is also ohserv('c.1 in table 8 that 
variahl('s X 111, .X :.!, and X I explain 
9.85{ of the variation in X 1 1• The ex
plained variation, when l ,'3 inck
pendent variah]('s were used in the 
model , was l.'3.15r' . rt can now he seen 
that the data presented in table 8 
mav h(' summarized in two main 
state1 nents. 

1. The.• inclqwnclent variables 
do not explain a very large 
portion of the variation in the 
amount of pasture improve
nwnt work clone bv ranclwrs. 
However, the m11 ltiple codfi
dent of determination is sig
nificantly large when all hut 
X1:1 and X1:.: are included ill 
the mock•!. 

2. ~lost of the variation in th(' 

a11101111l of pasl11n· i111provc-
111('nt work was (':>.plai1wcl hy 
;1 r('lat iv<'ly few illcl('pend('nt 
va ri ah It's. lnnovalivcn('SS 
( X 111 ) and exp('clalioll of a 
satisfactorv stand from a new 
S('eding ( °X :.!) wne the on)y 
two variahks which added 
significantly lo the c.·xplainecl 
sum of squares at a 65{ level of 
probability. ( The association 
between variables was not 
sigllificant at a ,5<c level of 
probability b11t became signi
ficant at a 6'c level. ) 

MODEL B 

Table 9 pres('nls the val11es of lF 
ancl the F lewl for tests of signifi
caJlc·c· when variable X 1:-, was 11secl as 
the clqwnclent variable. Variable 15 
rneasurecl whether or not the ranch
er had clone pasture improvement 
work. \ Vlwn all 1:3 of the inclqwncl
enl variables were included, an lF 
val11e of .21.57~) was obtained. This 
was si rllificant at a l.OC'{ level of 
probability. Table 9 shows that all 

Table 9. F level for testing the significance of R:.! and for testing the signifi
cance of an increase in explained sum of squares due to the introduction of 
an additional variable, 156 observations, did or did not do pasture im-

provement work as dependent variable. 

(N Number of Ob. eravtion. 
k N-k -1 R' 

13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
{ 

2 
I 

142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
15~ 
154 

*, ignificant at thl' I% level 
I Significant at the 5 Incl 

.21579 

.20 47 

.2070 

.20505 

.20119 

.19767 

.190 6 

.18443 

.17220 

.159 9 

.t.H52 

.09953 

.0625 

k Number of Independent Variable ) 
R 'F Level X n Variable F Ll'vd 

3.006* I 1.326 
3.n * H 0.252 
,.419* 0.36 
,.740* 6 0.703 
4.086* 12 0.643 
4.940* 7 1.248 
5.026* 5 1.177 
5.616* 3 2.226 
6.241 * 4 2B8 
7.1 4* 2 4.561 1 
7. 75* II 6.145 1 

.456* 10 6.30 1-
10.267* 9 10.250* 

-- -
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of the lF values obtained b n·t1uc:
ing the number of inclepencl~·nt vari
abl 'S one at a time were significant 
at a 1.01 level of probability. 

Table 9 also shows that X:!, X!., 
X10, and X11 were the only variables 
that aclclC'cl significantly to the ex
plained sum of squares. These were 
the variables with sign ificant par
tial correlation co ,fficients. Vari
ables XH and X 11 became significant 
in ~Iockl B, whereas , they were not 
si rnificant in Model A. Variahl(' X!, 
measured understandin rof the tC'ch
nology of pasture improvement ancl 
X 11 was the' age of the operator. This 
would indicate that pasture im
provenwnt work was carrkcl out by 
those, ho were innovative in nature, 
understood the technology, were 
younger in age, and had good expec
tations for a satisfactory stand from 
a m'\ SC'C:'cling. 

MODEL C 

Table 10 presents the results of 
the correlation analvsis when X 1 1 

( amount of pasture~ improvement 
work clone ) was used as a depend-

ent variable and onlv the 64 ranch
ers who did pastur~' improvement 
\\'Ork were inr·luclecl in the analysis. 
The table shows that a signifi~ant 
value of lF was not obtained until 
five or less independent variables 
were included in the model. The five 
variables measured years of formal 
education , profitability of range im
provenwnt , innovativen ' ·s, age of 
the operator, and pasture acr 'S per 
animal unit. 

An F test showC'cl that X7 ( pasture 
acres per animal unit ) , as th' only 
inclqwnclent variable that acldecl 
significantly to the explained sum of 
squares. The F value of 5.503 was 
significant at a 55{ level of proba
hilitv. 

This would indicate that, among 
those ranchers who have clone pas
ture' improvC'ment work , the factor 
most closely associated with the 
amount of , pasture improv mcnt 
work done is the pasture acres per 
animal unit. Those ranchers with the 
grc'ater pasture acres per animal unit 
WC'n' the ranchers who had don ' th 
most pasture improvement work. 

Table l 0. F level for testing the significance of R:! and for testing the signifi
cance of an increase in explained sum of squares due to the introduction of 
an additional variable, 64 observations, acres of pasture improvement 

work as dependent variable. 

umber of Oh crvation k = umber of Independent Variable ) 
k -k-1 R ' R 'FLevel Xn VariableFLevcl 

13 
12 
11 
JO 
9 
8 
7 
6 
5 
4 
3 
2 
I 

50 
51 
52 
53 
54 
55 
56 
57 
5 
59 
60 
61 
62 

*Significant at I O
' level 

I Significant at 5% level 

.22222 

.22211 

.21773 

.20771 

.20454 

.20139 

.195 2 

.19177 

.I 576 

.17 79 

.17122 

.134 7 

.08152 

1.098 
1.2134 
1.3157 
1.3894 
1.5428 
1.7337 
1.9480 
2.2540 
2.6464t 
3.2113t 
4.131 * 
4.754 I 
5.502 t 

-
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9 0.006 
2 0.287 

J 0.666 
I 0.212 
3 0.214 
5 0.384 
6 0.2 2 

0.424 
12 0.497 
4 0.544 

10 2.631 
11 3.762 
7 5.503t 
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APPENDIX 

COMPUTATION OF INNOVATIVENESS SCORES 

An innovativeness score for each 
rancher was detcrmin cl on th 'basis 
of his answers to que tions on time 
of adoption of new practices. Ques
tions were formulated from rC'com
menclations of nimal Science' and 
Agronomy • xtension Specialists. 

inete ~n recommended practices, 
adapted to the area in which the sur
vey was conducted, were select cl 
by using the foJlowing crit ria: 

1. Practice must hav been rec
ommended by outh Dakota 
State University specialists. 

2. Th practices, or new ideas , 
should be applicable to the 
ranchers in the survey area 
and g nerally not involve 
large outlay of capital in or
der to adopt to th m. 

3. They should be practices 
most likely to have been 
adopted within the last 10 
vcars o that farm rs could 
~-ccall the adoption date. 

Table -1 presents the list of prac.
Lccs and per cent of ranch opcraton 
" ·ho hav' adopted each practice. 
.. ach rancher was ask d to statC' the 

year in which he began using the 
practice. Interviewers did not con
sider a practice adopted unless it 
was put into permanent prac
tice. .. a c h practice was then 
categorized in one of thre way : 
( a ) the year in which it was adopt
ed, ( h ) not adopted at all, or ( c. ) the 
practice , as not applicable to th 
rancher's situation. Thi information 
was obtained from 40 rancher by a 

Table A-1. Adoption of recommended practices by 160 ranchers, to whom 
practices were applicable, in Central South Dakota. 

Practice 

1. U e 2,4-D for weed control in mall grain 
2. Use treated ced for seeding small grain 
3. Tc t oil for fertilizer requirements 
4. Plant ere ted wheat for spring pa ture 
5. Grow Ranger or Vernal Alfalfa for hay 
6. Cut alfalfa for hay in early bloom 
7. Frequently purchase certified seed 
8. Plant udan gras for upplemental pasture 
9. Practice rotation grazing on tame pa turc 

10. Use stubble mulch tillage 
11. Use oil terilant for noxious weed patches 
12. Participate in beef performance te ting 
13. Use tilbe trol in beef cattle feeding 
14. Use Ronne), Co-Ra), or Rulene for grub control 
15. U e haylage 
16. Calve heifer as 2-year-olds 
17. Adopted a range plan 
18. Compute nutrients in cattle ration 
19. Use antibiotics in feed 

TOTAL ..... ........ .. 
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Total 
to whom 
applicable 

151 
151 
160 
15 
160 
156 
156 
158 
135 
150 
156 
136 
11 
157 
160 
154 
160 
150 
146 

2, 72 

Number of 
adoptc~ % adopted 

113 74. 
55 36.4 
46 2 . 
45 2 .5 
65 40.6 

141 90.4 
87 55.8 
53 33.5 
60 44.4 
62 41.3 
48 30. 

8 5.9 
28 23.7 
50 31. 

4 2.5 
126 1. 

25 15.6 
42 2 .0 
51 34.9 

1,109 3 .6 



taff of fiv , i11tcrviewers in each of 
the four counties previously men
tioned. All five interviewers worked 
in a single county until the survey 
was completed. 

Analysis of Data 

The range of adoption date was 
cl termined for ach practice and 
the date of adoption were arrayed 
to show the number of adopters of 
a practice in each year. When asked 
for the year in which he first began 
using a practice, the respondent 
may have r plied that he had al
ways used the practice. When this 
response wa recei~ d, the elate of 

Table A-2. Time of adoption and 
Sten scores assigned for growing 
Ranger or Vernal alfalfa and using 

sti lbestrol in beef cattle feeding. 

Grow Ranger 
or Vernal alfalfa 

No. Use stilbestrol 
adopt- Sten No. Sten 

er score adopt- core 
Date of each as- ers each a -
adoption year signed year singed 

1945 -··· ----- ···-- 2 9 3 9 
1946 1 9 1 8 
1947 1 9 2 8 
1948 0 1 
1949 3 8 0 
1950 5 8 2 8 
1951 0 0 0 0 
1952 1 7 0 
1953 3 7 0 
1954 1 7 0 
1955 9 7 2 7 
1956 1 6 1 7 
1957 2 6 0 
1958 3 6 3 7 
1959 2 6 0 
1960 5 6 2 7 
1961 5 6 1 7 
1962 5 6 5 6 
1963 6 5 1 6 
1964 6 5 1 6 
1965 4 5 3 6 
Never adopted 95 3 90 4 

TOTAL 160 118 
Don't apply 0 42 
Total respondent 160 160 
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adoption was considered to be the 
year in which he started farming. 
Table A-2 pre ents data to illustrate 
the procedure u ed in arraying the 
dates of adoption. Only two prac
tic s are present d to serve as an ex
ampl of the method employed. 

fter establi hing the frequency 
distribution of the time of adoption 
for each practice, the next step was 
that of assigning a "sten score." This 
wa done by as igning a score from 
0 to 9 based upon the time of adop
tion and assuming a normal distribu
tion. Past re ·earch in the adoption of 
farm practices indicates that the 
adoption of a new practice over 
tim will either be normally distrib
uted or else closely approach nor
mality. 0 Table A-3 is the guide used 
for assigning "sten scores" for the 
year of adoption as present d in ta
ble A-2. Tabl A-3 shows that under 
a normal di tribution, 2.3% of the 
adopters hould receive a "sten 
score" of nine. These would be the 
earliest adopters. Another 4.4% 
would rec ive a score of eight. Un
der a normal distribution, 68.2% of 
the adopt.er would receive a score 
ranging from thr e to six. 

In assigning scores for the y ar of 
adoption, it was necessary to give 
the same score to all respondents 
who adopted a practice in any given 
year. For example, 2.3%, or three of 
the respondents, to which th prac
tice of using tilbestrol was applica
ble, are to receive a "sten score" of 
nine. In table A-2 we see that three 
respondents adopt d the practic in 
1945 so all thr receive a score of 

E\crctt M. Roger~. "Categorizing the Adopt
er~ of Agricultural Practices," Rural Sociology 
23 :345-354, 19'; . 



nine. The next five respondents 
( 4.41) ar tor ceive a score of ight. 
Howev r, it i not d that in order 
to assign a score of ight to exactly 
fiv respondents only one of the two 
who adopted the practice in 1950 
hould receive a score of eight. 

Th re is no basis for distingui hing 
between the two so both ar given a 
score of eight. This 1 aves on less 
respond nt to receive a score of ev
en in the succeeding category. Ten 
re ·pond nts are now to receive a 
score of ev n. Tabl A-2 show that 
if the next 10 respondents are to re
c ive a score of s ven, only on of 
the five who adopted the practice in 
1962 should rec iv a score of even. 

ince 1 than half of those who 
adopted the practice in 1962 hould 
receive a core of seven, they are all 
given a scor of six. This allocation 
of scores, according to a normal dis
tribution , is continued for the re
maining years. An average score is 
comput cl for all the non-adopters. 
Four ( 2.3 ) of the non-adopter are 
to rec ive a low core of zero. The 
next five are to r ceive a core of 
one. The average scor is four for all 
those who n ver adopted the prac
tice of using stilbestrol in cattle 
feeding. 

Ev ry respond nt was next as
·igned a score for each separate 
practice according to the dat of 
adoption. An av rag score was 
computed for each r spondent and 
this was his innovativeness score as 
arrived at by the method employ d 
by Rogers, Havens, and Cartano 
( 2). 

It is noted that und r this tech
nique an individual's innovativ ness 
score is determined by the number 
of practice he has adopted a well 
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as how earl he adopted th prac
tice. Individuals who start d farm
ing in recent y ars could not possi
b]v r ceive as high a score as those 
who <;tarted farming arlier since 
they had no opportunity to adopt 
a practice. In this survey there were 
11 respondents who had started 
farming since 1960. Th r for , it 
seem d nece ary to make an ad
justment in the scor for the y ar in 
which an individual started farm
ing. To do this, a linear regre sion 
analysis was run with the innova
tiveness scor a the d pendent var
iabl and the year in which one 
started farming as the indep ndent 
variable. The estimating equation 
obtained was 0

: 

Y = 4.54176 - .007215X 

In te,ting the hypothe~i~ that b=O, a t value 
of 2 .0 wa~ obtained. With 158 degree~ of 
freedom thi~ i\ ~ignificant at th e 5% level of 
probability and the h ypothe~is i~ rejected. 

Table A-3. Score guide used in con
verting time of adoption to Sten 

scores. 

Sten 
core 

9 

7 
6 
5 
4 
3 
2 
1 
0 
Total 

Percent re
spondent re
ceivina each 

Sten core 

2.3 
4.4 
9.2 

14.9 
19.2 
19.2 
14.9 
9.2 
4.4 
2.3 

100.0 

Number 
respondent Number 

receiving re pondents 
each Sten receiving each 

score when Sten score 
sample when sample 

size is 160 size i 11 

4 
7 

15 
24 
30* 
30* 
24 
15 
7 
4 

160 

3 
5 

11 
18 
22 
22 
18 
11 
5 
3 

11 

\Vh en rounded to the nearest whole number 
l 9 .2 % of 16() would be 31. However, the 
total would then acid to 162 so the two larg
c~ t categoric~ are rounded to 30. 



ln correcting the scores, cacl1 presents the adjusted innovative-
score was reduced by .007215 for ncss score for each farm operator in-
each year that the elate of starting cluclccl in the survey. The mean fo-
farming dcvfatcd from 1965 and novativcness score was 4.07 and the 
rounded to three digits. Table A-4 rancre was from 2.85 to 5.75. 

Table A-4. Innovativeness scores, corrected for year started farming, for 
farm operators included in a sample survey of Central South Dakota farm 

operators. 

Jnnova- In nova- Jnnova- Jnnova-
Farm tivene s Farm tivenes Farm tiveness Farm tiveness 

Number Score Number Score Number core Number Score 

101 5.00 201 3.53 301 4.36 401 4.09 
102 4.34 202 3.61 302 3. 5 402 3.43 
103 4.05 203 3.57 303 3.70 403 4.02 
104 3.28 204 4.27 304 3.74 404 4.78 
105 3.40 205 4.46 305 3.46 405 4.72 
106 4.19 206 4.41 306 3.14 406 4.52 
107 4.25 207 3.85 307 3.97 407 3.01 
108 3.25 208 5.72 30 3.69 408 3.70 
109 4.68 209 3.26 309 3.46 409 3.83 
110 3.65 210 3.79 310 3.73 410 4.4 
111 4.21 211 4.39 311 5.62 411 4.30 
112 3.57 212 4. 0 312 3.59 412 3.70 
113 4.56 213 3.50 313 3.41 413 4.65 
114 3.38 214 3.71 314 3.49 414 3.75 
115 3.56 215 4.66 315 4.56 415 4.20 
116 3.59 216 4.70 316 5.24 416 4.06 
117 3.88 217 3. 3 317 5.01 417 4.26 
118 3.55 218 5.75 31 3.00 418 3.69 
119 3.86 219 4.14 319 4.57 419 3.92 
120 4.10 220 3.94 320 4.02 420 4.60 
121 4. 0 221 4.4 321 4.04 421 4.31 
122 4.80 222 4.49 322 3.70 422 3.04 
123 4.75 223 5.06 323 4.49 423 4.17 
124 4.21 224 3.97 324 4.25 424 3.93 
125 3.47 225 4.51 325 4.67 425 4.24 
126 4.60 226 4.25 326 3.57 426 3.05 
127 4.16 227 4.7 327 5.07 427 3.61 
128 3.61 228 3.91 328 5.32 428 3.79 
129 4.30 229 5.72 329 4.14 429 3.78 
130 3.95 230 5.4 330 3.71 430 3.91 
131 3.44 231 4.28 331 3.67 431 3.16 
132 3.80 232 4. 1 332 4.43 432 3.59 
133 2.98 233 3.62 333 4.04 433 3.94 
134 3.45 234 4.51 334 3.54 434 3.86 
135 4.43 235 4.12 335 2.85 435 3.61 
136 4.46 236 4.58 336 3.52 436 3.69 
137 3.43 237 4.26 337 3.6 437 3.53 
138 4.02 238 4.44 33 4.14 438 3.86 
139 3.57 239 4.95 339 4.7 439 4.33 
140 4.06 240 4.78 340 3.92 440 3.82 

Range 2.85 to 5.75 Mean = 4.07 
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