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Agriculture serves Brazil as the base for its
 

rapidly growing industrial sector and urban centers.
 

Increases in agricultural output in the past have
 

derived primarily from the addition of new land rather
 

than marked change in agricultural technology and pro

ductivity. Effort has been devoted during the last ten
 

to fifteen years, however, to change this situation and
 

to emphasize the importance of agricultural development.
 

Increasing agricultural output through increased
 

prodccivity requires the infusion and adoption of new
 

ideas, specialization in farm enterprises, purchase of'
 

commercialized farm inputs and non-agricu].tural serv

ices. Such development, in addition to available phys

ical resources, requires that new knowledge be avail

able, and relevant technology be accepted to overcome
 

the traditional resistance to change by the farmers. 
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This study, based on a sample of farmers in
 

southern Brazil, attempts to separate farmers or farm
 

groups into classes on the basis of personal character

istics, command of resources, and to identify the fac

tors associated with the variation in the behavior of
 

farmers for adoption of new farm practices.
 

The farmers studied were from the municiPios,
 

(counties) of Lajeado and Carazinho in Rio Grande do
 

Sul, and Concordia and Timbo in Santa Catarina. From
 

over a thousand farmers interviewed in 1965 and 1969 a
 

subset of the 536 farmers who were interviewed in both
 

periods constitutes the total sample for this study.
 

The central hypothesis of this study was that the
 

adoption behavior of farmers is a function of the com

bined influences of individual personality character

istics, nature of the farui and structural variables. 

it was further hypothesized that factor scores would 

pred.[c*, innovative adoption better than individual 

variables. 

A componont factor model, utilizing fourteen 

variables, wa3 developed for analysis of the data. 

Through oblique rotation, three factors were extracted 

and identifia. They are Ec .vomic ,Resources, Time 

Span, and Motivation, which together exp.!ained about
 

44 percent of the over-all variation in the data. The
 



Economic Resources factor accounted for the largest
 

percentage of variation, 26.38, while the Time Span and
 

Motivation factors explained 12.43 and 5.32 percent
 

respectively.
 

In explaining adoption behavior the three factors 

together accounted for about 46 percent of the over-all 

variati-n. The Motivation factor exerted the greatest 

influence, accounting for 44 percent. The Economic 

Resources factor was second explaining about 2 percent, 

with Time Span, the third factor, explaining less than 

.2 percent. 

lirther statistical analysis of the characteris

tics of the factors and adoption groups of respondents
 

established the identity and nature of the factors.
 

The farmers who adopt more of the relevant new agricul

tural practices are highly motivated, younger and
 

wralthier, in which the first feature accounted for the
 

,
greotest influence. The use of the fact - scores as
 

data variables did not support the hypothesis about
 

their predictive ability for adoption behavior.
 

The outcome of the factor analysis was undoubtedly 

influ nced b' the limitations in the selection of the 

sample and te availability of a range of data on vari

ables. However, the analysis was succesrful to the 

extent that meaningful factors wet-o ident.fiod whi ic 
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the central hypothesis concerning factors associated
 

with adoption behavior of farmers was sustained.
 

Before generalizations can safely be made, 'however,
 

more research is needed on the factors under different
 

conrditions and with different populations.
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INTRODUCTION
 

More than half of Brazil's gainfully employed
 

population in engaged in farming. Agriculture serves
 

as the base of its rapidly growing industrial sector.
 

The growth of population, total and urban, and
 

the subsequent demand along with better prices provided
 

the impetus to the rise of agricultural production.
 

However, the greater volume of agricultural output
 

was obtained by the addition of new land and not by
 

increased productivity (Celso Furtado, 1961: 273).
 

This is because apart from the availability of exten

sive land, the technology of both crop and livestock
 

production is relatively undeveloped (Nichollis, 1969:
 

366-368).
 

The growth of population and urbanization, and the
 

relatively high income elasticity for food products,
 

assures a fairly large demand for farm products in the
 

present and coming decades, and hence the importance of
 

agricultural development in Brazil.
 

Agricul-6ural development could be achieved either
 

through increased use of available resources at a given
 

level of agricultural technology (as has been done in
 



Brazil in the past) 
or by changing the agricultural
 

technology used by farmers. 
Now that the bQst agricul

tural land has at last been taken up, the first method
 

promises little. 
 Rather, much of the additional output
 

to meet the increasing demand for food products in
 

Brazil will come Cfrom the application of new knowledge
 

and technology.
 

This effort of increasing productivity requires
 

the infusion and adoption of new ideas and practices.
 

This means specialization in farm products such as cash
 

crops, purchase of commercialized farm inputs and non

agricultural products. 
 The crucial and difficult prob

lem, as 
Schultz (1961: 325) has observed after his 
sur

vey of the economic prospects of Brazil, is how to make
 

new knowledge of agriculture available and to get 
it
 

accepted--the diffusion 1of farm innovations and their
 

adnption.
'S 

The/effort to 
spread new ideas and practices and
 

to get them accepted encounters many problems such 
as
 

availability of resources, overcoming resistance and
 

making effective impact.'
 

Another problem which arises early in the initia

tion of diffusion programs is how to reach 
as many
 

farmers as possible with the limited resources of' capi

tal, extension services, etc., available and make
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efficient use of these resources. One method of
 

approach is to separate farmers or farm communities on
 

the basis of the degree of their readiness for innova

tive adoption and possibly suggest different innova

tions and/or use different means or ways of communicat

ing them to these groups. The degree of readiness for
 

innovative adoption and the extent of productive and
 

transformative capacity is aefunction of the combined
 

influences of socio-economic forces: (1) personality
 

variables, (2) the nature of farm resources and mana

gerial skills, and (3) structural factors.
 

The main objective of this study is the identifi

cation of factors accounting for variation in adoption
 

behavior of farmers on the basis of the variables men

tioned above (personality variables, command of
 

resources, and effects of structural factors). Each
 

f.rm group--as well as individual variables within the
 

groups--will then,be examined to determine its signif'i

cance in the adoption process. Attempts will be made
 

to assess the level or degree of respondents' readiness
 

for innovation-decision, predict~future innovative
 

behavior and adoption rate of relevant farm innovations.
 

In the effort to increase agricultural productiv

* 	ity in Brazil, major government policy programs have
 

largely focused in the areas of credit, input
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subsidization and price. In the southern and central
 

parts of Brazil emphasis has been largely put in the
 

areas of fertilizer, mechanization, production loans
 

for basic food crops and cattle and high wheat prices
 

(Rask, 1971: 9).
 

The study area, in southern Brazil, consists of
 

the 
states of Sao Paulo, Parana, Santa Catarina and Rio 

Grande do Sul. This study is based on about 336
 

detailed farm interviews done in 1965-66 and 
later
 

repeated in 1969-70 for the Capital Formation Project. -, 

All of the farms are located in four municipios (coun

ties) of Santa Catarina (Concordia and Timbo) and Rio 

Grande do Sul (Lageado and Carazinho). The farms are
 

mostly small to medium in size (5-50 ha.) with only
 

about 50 large frams 50+ ha.). They are eitheir of
 

crop, livestock, or mixed enterprises.
 

The major concern in the agriculture of southern
 

Brazil is how to change agricultural technology and
 

improve farm productivity. Accordingly, the theories
 

of diffusion must deal with the spread and adoption of
 

new knowledge and means in agriculture. Hopefully,
 

this will be 
followed by the growth of supportive
 

institutions and subsequent productive results at the
 

farm level.
 

Diffusion process has been a subject of study for
 



t. 

a long time now. On the basis of the model used in
 

western countries,' studies have been done in Asia,
 

Africa and Latin America. Apart from some questions on
 

"the nature of the model itself (behavioral and struc

tural problems), one major skepticism has been how
 

effective the model is and how relevant are the find

ings to be generalized, to non-western countries. It
 

must be realized that there are important socio

cultural differences between the developed and the less
 

developed countries. Examination of some of the stud

ies done in less developed coun'ries brings out some of
 

the methodological problems encountered in the diffu

sion model.
 

Rogers' (1962) adoption model will provide a 

framework for the analysis of the diffusion and adop

tion of innovations. Careful consideration will be 

given to the influence of structural factors on the 

awareness and decision making process of the farmer 

(Blau, 1960; Young, 1966; Weintraub, 1970; Galjart, 

1971). The effect of the availability of innovations 

on adoption rate (Presser, 1969) and the response of 

non-innovative farmers to newly created farm situations 

(Roling, 1970); the importance of multi-dimensionality 

of social behavior; and the consequences of innovative

ness and adoption are some of the additional things
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which will be dealt with in detail.*
 

It is hoped that the recognition of the existence
 

of such problems in the diffusion model, special atten

tion in the selection of variables relevant to the area
 

of study, the method of analysis to be employed, and
 

cautious interpretation of results will help surmount
 

some of' the major problems of cross-cultural comparison
 

of the research.
 

The results of this research project will contrib

ute to the findings of diffusion research, and would be
 

of some use to extension agents, agrircultural and econ

omic planners, and all others who are involved in rural
 

development programs in Brazil and other areas.
 

*For some details of these references see the
 
section on Review of Literature.
 



CHAPTER I 

THE RESEARCH OF DIFFUSION OF INNOVATION
 

Review of Literature
 

The research into diffusion of innovation and the 

subsevuent model is the result of rural sociolof<ical 

studies in the United States and Western Murope 

(Lionberger, 1960; Rogers, 196P). In spite of the vol

ume of over a thousand empirical results of research on 

the diffusion of innovations (Rogers, 1970) there 

remains a need for a more rigorous theoretical worth. 

Valkonen (1970: 162-166) points out the fol.owine, 

major shortcomings of the e.i sL:iing reseoarch: 

1. V re,attention is paid to -oru.KaLinn analsis 

than finding the causal nature of the theory which 

brought the observed correlations and which in theoret

ically more important., 

2. The variables studied are often conceptually 

and caujsall.y intercorrelated and hence the reaults lack 

much informcLive value. 

•h. 'lie, study of only ,a ; nt: or' a soci, I sys tem 

makes it difflicult to combine the result;,s of diffusion 
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research with theories of social change. 
 The latter
 

applies to natural social systems like communities.
 

The preponderant nature of the empirical findings
 

so far from the United States and Western Europe, and
 

the lack of much cross-national research in rural soci

ology, has made the theory of diffusion highly culture

bound. 
This restricts the universal explanatory use

fulness of its propositions (Lupri, 1969: '101102).
 

The diffusion and adoption of innovations model
 

envisages a process through which innovation informa

tion gets from its origin to the potential user, and on
 
the basis of the combinations of both the characteris

tics of the innovation and the user, it gets adopted or
 

rejected. 
 By and large, it is a communication model.
 

Also on the basis of the time and number of innovations
 

adopted, the model presents stages for the adoption
 

process and categorizes individuals into distinct
 

groups on a continuum.
 

As mentioned, much of the research and findings in
 
diffusion were done in the United States and Western
 

Europe, partioularly Holland. 
There has been effort
 

for some time now to apply the model to Asia, Latin
 

America and Africa with mixed results. This may well
 

be because of the nature of the model and/or the appli

cation methods used. Particularly in the use of
 



diffusion re'search in developing countries, a number of
 

sez2m
problems have arisen for which the model does not 


to account satisfactorily and therefore has raised
 

questions concerning its cross-cultural use. Some of
 

the major problems encountered by various researchers
 

are as follows.
 

Problems of Interviewing.7-Interviewing in many 

in that manydeveloping countires presents problems 

people are not accustomed to expressing their opinions
 

on public affairs to strangers, in the presence of
 

others especially. When they do, there seems to be
 

much courtesy bias or traditional reserve in their 

responses (Wilson and Armstrong, 1963: 48-58; Jones,
 

1963: 70-76; Portes, 1972: 32-33). 

Problems of Small Sample.--Many times researchers 

hate found that when they survey an area, there are not 

enough people who are aware of the innovation, .het
 

alone trying or adopting it. This raises the problems
 

of the reliability of the study and its generalizations
 

(Keith, 1968).
 

Variability of Responses.--When asked about par

ticular innovations they have adopted as to the time
 

and circumstances of their adoption, individual
 



respondents give variable responses at various times
 

(Coughnour, 1965; Doob, 1958; Palmer, 1943). Apart
 

from the shift in innovator category this creates, it
 

presents a serious problem when different researchers
 

use different innovations or different times for their
 

researches. The variability of the responses and sub

sequent unreliability seems great among the less

educated groups of the society. A Brazilian study by
 

van Es and Wilkening (1970) led them to suggest that
 

the best approach is to select a few key variables
 

which can be applied regardless of the people and cul

ture in which it is administered.
 

Mobility of Adopters.--H. R. Presser (1969) has
 

noted that the area under consideration makes a big
 

difference as to the number of persons in each adopter
 

category. 
If in a small area there are three innova

tors, their absolute number may increase if the area
 

under consideration is made bigger, as some of the
 

early adopters may be considered innovators in the new
 

groupings. Similarly, the out-migration of the people
 

in an area is likely to change the average innovative

ness of the area.
 

Structural Effects.--The traditional procedure by
 

which diffusion research has been done focuses on the
 



attitudes and activities of the individual. 'This has
 

a great shortcoming in that it neglects structural fac

on
tors which facilitate or infringe as the case may be 


the awareness and decision-making process of the indi-


The contextual factors or social environment,
vidual. 


family structure and individual position in the social
 

system are important determinants (Mosher, 1966: 153

161). The activities and tendencies of an individual
 

are not only the result of the individual's personality
 

and internalized values but also the results of the
 

norms, values, and the social relationships of the
 

society in which the individual lives. The norms and
 

values could be positively or negatively aligned with
 

The kindsband number of innovations
the individual's. 


which come to an area are largely determined by many
 

sectors of the society, and the emphasis so far in
 

micro-approach only has neglected the macro factors
 

involved (Blau, 1960: 178-193). In a larger context,
 

Weintraub (1970: 567-376) has developed a scheme which
 

shows how exogenous variables affect changes in rural
 

areas. Rural areas of developing countries are not
 

only affecteu by the internal organization, social
 

positions anr! orientation of the rural sector; equally
 

important is the commitment, the rural image and power
 



of influence of the central government; i.e., its 

policies and actions.
 

Concepts and Measurements Problems.--Apart from
 

differences in political, economic, and social systems
 

of the developing countries from the United States and
 

Western Europe, the use of the model in these other
 

societies persents methodological problems such as
 

equivalence of meaning, concept and difficulty of
 

translation of these concepts into local language, and
 

cultural variability (Lurpi, 1969: 103-109). Also,
 

Presser (1969) has pointed out that in some cases inno

vativeness and adoption have been confused. 
 The former
 

implies relative earliness while the latter is the 
num

ber of innovations adopted. 
This makes a difference as
 

to who is an i-movator, and who is an adopter but not
 

necessarily an innovator. 
This would suggest a closer
 

scrutiny and careful definition of the population in
 

the sajaple and the time considered to be relevant for
 

the study of innovativeness.
 

The neglect or oversight of determining possible
 

differences in the availability of the new innovations
 

for all members of the study group and its effect 
on
 

their categorization is explained in the 
same study by
 

Presser.
 



The use of the basic model (Rogers' five stages)
 

implies that the innovation 1involves a major investment
 

of time, energy, and capital resources on the part of
 

the adopter which forces the adopter more or less to
 

pass through all the stages. If the practice, however,
 

could be tried on a smaller scale and the results are
 

highly visible, the stages may be fewer (Bohlen, 196?:
 

123). Bohlen also brings out that the relationship
 

between subjective security and the problem of risk
 

aversion and adoption have not yet been researched well
 

(Ibid." 127). Furthermore, the adoption of a non

material idea such as the use of credit does not fit
 

neatly into the model (Ibid.: 124).
 

Involuntary Adopters.--The emphasis of diffusion
 

research not only has been on the individual's behavior
 

with less attention paid to structural variables, but
 

also it deals only with the voluntary behavior of the
 

indiviaual in the gathering of information, giving a
 

trial to an innovation and the decision on the basis of
 

evaluation to adopt or reject the innovation. It does
 

not take account of forced situations or the "positive
 

influence of negative forces" on potential adopters.
 

Research in the United States shows that on the basis
 

of the individual's subjective definition when the
 



situation is considered to present no alternative to
 

adoption he accepts the innovations regardless of other
 

pertinent factors (Havens, 1.965: 
164). Similarly, but
 

of more wide implication, a study of farmers in'the
 

United States, Japan, and India has led 
one researcher
 

to hypothesize that "the rate of adoption and diffusion
 

of new techniques and of the requisite changes in farm

ers' values, attitudes, and practices will be 
in an
 

inverse ratio tu the range of available alternatives',. 

The only feasible solution would be cutting of the less
 

efficient choices through stringent farm management
 

techniques and leavi-ag only the 
one relevant choice
 

(Nair, 1969: 231). 
 Nair believes this restriction ojf'
 

possible alternatives to be more important than 
even
 

the characteristics of the farmers or the 
resources -t;
 

their disposal (Ibid.: 230).
 

Non-Adopters.--To impute adoption the 
evidence of
 

contined use was the preferred method. Little or no
 

attention is paid to the study of non-adopters or
 

quitter;, (Bohlen, 1967: 71-85).
 

The cost of adoption is the most common obstacle
 

preventing or delaying adoption (Bohlen, ibi.d.: 
126;
 

Valkonen, ib.d.: 174). 
 Thus, the correlates of non

adoption are not only ignorance and unwillingness, but
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also inability (Galjart, 1971). However, research in
 

the past has identified a lack of willingness rather
 

than ability which limits adoption (Rogers, 1969).
 

In identification of' potential innovators in 

developing countries, Mellor (1966: 174) suggests that 

in vations that give only modest increases in produc

tion are unlikely to be accepted by either prosperous 

or poor farmers. The first reason he offers is the 

marginal utility of the additional production is too 

low; a second reason is because of the high risk premi

ums to innovation attached they are unlikely to try new 

practices. Rather, it is the middle group of farmers 

who are the most likely group to innovate. Theodore 

Schultz (196I. and 1969) also suggests that the innova

tion ii.ust provide a very good margin of profitability 

at the fa.rm level for farmers in developing countries 

tc adopt it. 

Iuadership and Adoption.--The high degree of dif

ferentiation in the United States leads to less overlap
 

of leadurship; i.e., the roles that formal. leaders and 

opinion leadce.s play are different (Rogers, 1962: 256

257). However, as Max Weber (1947: .342) has 

stated, leadership in traditional societies has dif

fused authority; i.e., the formal leaders tend to be
 



also opinion leaders. In this context, enough atten

tion has not been paid to their function as intermedi

aries or "gate keepers" between small farmers and
 

change agents and institutions.
 

A study of farmers in Brazil gives the evidence
 

that participation in farm organizations and extension
 

activities appears most consistently related to politi

cal participation which in turn is positively related
 

to social participation. That is, non-land owners par

ticipate less than owners in various institutions
 

(van Es and Whittenberger, 1970: 22-23). For a model
 

which is patterned on communication concepts, this par

ticipation of well-to-do farmers in associations and
 

organiza:.tions has important bearing. Nypan (1970)
 

found that because of their diffused authority7 and 

closeness to communication centers, formal leaders in
 

r ri'al Tanzania have great influence in the diffusion
 

and dqption of new farm practices. Referring to the 

Green Revolutioni in Asia, Lele and Hellor (1972: 2') 

found that the larger farmers not only can afford the
 

risks of iuncvation, but also they have more polit'jcal
 

power over the developmental agencies which provide 

agricultural imputs and services. Hence, there is a 

definite need for exploring the concept qf traditional 

leaders ,ind their roles in community development of' 



developing countries (Fathi, 1965: 204-212).
 

The problems mentioned above and others raised by
 

the research of innovation diffusion lead to question

able reliability and predictive power of the adoption
 

model. Having said all this, however, it is important
 

to point out that the basic model is still considered
 

valid (Bohlen, ibid.: 123). In spite of its limita

tions the number and variety of results the empirical 

research in diffusion offers is a basis for synthesiz

ing a more general theory of social change (Rogers, 

1970: XVIII). 

Diffusion research needs not only cognizance of 

its limitations in its present form, but also some mod

ifications, methodological attack on the unsettled
 

questions arad a cautious interpretation of its cross

cultural generalizations. Emphasizing the importance
 

oL caution in the use ofpast diffusi6n research find

ings i'i. developing countries, Francis (1971: 102) sug

gests the importance of identifying both social arid 

economic constraints which are culturally specific to
 

an area in oider to analyze their implications on the
 

adoption protess. This study will try to come to grips
 

with some of these important problems of diffusion
 

research.
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Theory and Hypotheses
 

To change the agricultural techmology and improve
 

farm productivity is of prime importance in the 
econ

omic development of Brazil. The 
spread and adoption of'
 

new farm practices and inputs is of immediate impor

tance for this endeavor. Diffusion research, as
 

pointed out above, has often neglected some importait
 

non-sociological aspects, economic or 
structural vari
ables, of the determinants of the Variation in adoption
 

behavior of farmers. However, the realization of the
 

complexity of development has underscored the impor

tance of a multi-dimensional study of the process.
 

The objective of this study is the identification
 

of factors accounting for variation in adoption behav

ior of farmers. Hence, the importance and complemen

tarity of sociocultural variables and economic indices.
 

The hypotheses for this stud.y are two. 
 The cen

tral b-pothesis is that the readiness of farmers for
 

adoption of new agricultural practices is a function of
 

their individual characteristics, the nature of their
 

farms and strictural factors. It is also hypothesized
 

that factor scores, data generated for each case by the 

factor analy:;is, would predict adoption better than 

individual variables. 



CHAPTER II
 

METHODOLOGY
 

The major concern of this study involves varia

tions among farmers in the degree of readiness for
 

innovative adoption, and its relationship to productive
 

and transformative capacity of their farming operations. 

The investigation will include primarily: (1) indivi

ual characteristics, (2) nature of the farm, and
 

(3) structural variables, with all of which adoption
 

behavior is believed to show a concomitant association.
 

Impact of government policies and institutional chainges, 

effects of market stimuli and other incentives are
 

examples of relevant structural variables. Market
 

accessibility and attitude° toward credit use are 

inclided in this study. The history of the individ

ual's .nnovativeness in terms of past adoption is one 

of the additional aspects that will be examined for an 

understanditig of the multi-dimensionality of individual 

adoption bebvior. 

Consistent with the major concerns of this study, 

there are four methodological approaches used: 

• 19 i 
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1. 	 Identification of the major individual and 

structural variables associated with varia

tions in adoption behavior among farmers; 

2. 	 The decomposition of the identified variables
 

into smaller subsets of factors using a factor
 

analysis model; 

3. 	 The use of factor score for prediction of
 

adoption;
 

4. 	 Evaluation of the factor model with 
sugges

tions for further refinement. 

Area Description 

Two factors influencing the agricultural develom

ment of the southern part of Brazil are particularly
 

interesting in terms of the major thrust of this study. 

These are: (1) Considering agricultural tradition an 

cultural background, the South is 
an area settled by
 

Europeans of German and Italian descent. They have a 

distinct cultural background and agricultural tradition 

from their Portuguese counterparts on the large planta

tions or from the small commercial farms of the 

Japanese. These immigraits established small familY 

farms of mixed enterprises in the small enclave. of 

their colonies. This feature is of interest in light 

of the fact that diffusion is a western approach and 

• • ....
 



thus would be expected to work better in a western
 

social environment. Farmers in southern Brazil are of
 

European tradition and orientation, but in a different
 

geographical setting. (2) The bulk of the agricultural
 

production of Brazil comes from the South, and it is
 

there that the development of modern agriculture is
 

really "taking root". New farms are being established.
 

Capital formation, farm mechanization and technology
 

are advancing there in contrast to many other regions
 

of the country. These characteristics thus provide an
 

interesting situation for the study of diffusion and
 

adoption of farm innovations.
 

Unlike the Brazilian population of Portuguese
 

descent, which is dispersed throughout the country,
 

southern Brazil was settled during the 1800's to the
 

1900's by immigrants from Germany and Italy, as men

tioned. The settlement process was not haphazardly
 

cond;'cted by individuals but rather by deliberate pro

grams of the Brazilian government in cooperation with
 

the home countires which facilitated the settlement of 

many families in specific areas (Furtado, 1965: 156

140; 'aibel, 1950: 529; Wagley, 1971: ,'. These colo

nies tended tu form small European etlic enclaves with 

people having common languages, religions, and cultural 

patterns different from the areas surrounding them. 
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This led to the euphemism of southern Brazil as
 

"another Brazil, 
a state within a state", a feature
 

which the government later tried to discourage (Wagley,
 

ibid.: 72; Waibel, ibid.: 
545). The immigrants estab

lished mixed farming. Small but progressive farms were 

owned and operated by the families largely in the tra

dition of their home countries. Crops, livestock and
 

dairy are the 
common enterprises on the farms. 
The
 

influence of these immigrants is felt not only in the
 

type of agriculture but also in the industrial and
 

social structure of the area. 
They have successfully
 

established wine, 
chemical and leather industries. On
 

the social and political scene, 
they form a middle
 

class of landholders. 
They occupy a position interme

diate between the 
owners of the great cattle ranches
 

and the poor cowboys. 
As they move to urban centers,
 

they are establishing themselves in the bureaucratic 

and administrative posts, reducing the effects of' the 

long tradition of political monopoly of the "Luso-


Brazilian" landed class (Wagley, ibid.: 79). In corn

parison to tf.e northern regions Brazil,of soutfhern 

Brazil has niler had the economic boom and depression 

that go with iining and temporary trades. Rather, 

because of the patterns of agriculture, ,'he level of
 

technology and the farm background of the people, 
the
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area has steadily grown in prosperity.
 

Apart from the agriculture of the European immi

grant homesteader and the Azorean agriculture on the
 

coastal regions, the pampas of southern Brazil devel

oped a different way of life. Here the wide expanse
 

of grasslands led to the creation of latifundia and the
 

formation of great cattle ranches.
 

Hence, in terms of its agricultuxre, the South
 

includes large cattle ranches and small to medium pro

gressive European farms. The sample of this study is
 

limited to the latter. As Nichollis (1971) has observed, 

it is these farms which are the principal instruments
 

for change in the agricultural production of the pro

gressive South.
 

The economic features of southern Brazil are fas

cinating. Over 90 percent of the nation's farms are
 

found in the Northeast, East and South. Since 1950,
 

ther, has been a steady increase in the number of new
 

farms, though a great proportion of the increase is
 

small farms of usually less than five hectares. The
 

largest proportion of these new farms is again found
 

in the Northeast and South. This increase in farm
 

units, howev.r, seems to result mostly from the break

down of existing units into smaller unit, (Pask, 1968: 

13; Schuh, 1970: 146). In terms of area of toatl farm
 



land, the increase in the South was 2. percent, of
 

which about 79 percent was put into crop land (Schuh,
 

ibid.: 136).
 

Farm size in Brazil shows great variation. In the 

South, however, 55 percent of the farms are considered 

to be viable family size units. While the 10 to 100 

hectare category accounts for about 58 percent of the 

total, the average and most common class of farm size 

is 50 hectares (92 hectares for the country as a whole'. 

Farms over 10,000 hectare units include less than one 

percent of the total farms (Schuh, ibid.: 142-145). 

Southern Brazil is leading the nation in total
 

agricultural output and is developing a modern agricul

ture. While a majority of the Brazilian farmers still
 

use traditional and less efficient farm methods and
 

tools in their farm operation, farmers in the South,
 

especially on the newer farms, have considerably
 

increa-ied their farm capital: machinery, equipment and
 

principal inputs. The increase in farm equipment and
 

machinery between 1950 and 1960 for Brazil as a whole
 

is sizable. From a regional point of view, however,
 

the southern part has experienced proportionally a more
 

rapid rate cC mechanization. For example, over half of
 

the increase in the number of tractors anid plows was in
 

the four southern states which already had the bulk of
 



this equipment before 1950 (Schuh, ibid.: 155-154, 164

165). The use of farm inputs only confirms the leading
 

position of the South. In Brazil, the use of modern
 

farm inputs such as fertilizers, insecticides, preven

tive medicine for livestock is considered to be very
 

low. But this is not universally true, since there are
 

some places where the farm technology is very sophisti

cated. The South again has the lead in this regard.
 

In Rio Grande do Sul, a rather widespread program of
 

artificial insemination has been established. Hybrid
 

corn has been adopted extensively in the South. The
 

consumption of fertilizer has increased rapidly since
 

the early 1950's in the South. It has approximately
 

doubled in about five years since 1964 (Schuh, ibiu.:
 

168-170). The use of credit to purchase new inputs,
 

equipment and financing of farm operation is also of
 

sinificance. 

The major government policy programs of credit,
 

input subsidization and price support have had their
 

thrust in the central and southern parts of the nation.
 

Thus the South presents an environment where the pace
 

of agricultur-al development has been rapid and increas

ing steadily.
 

Southern Brazil consists of the states of Sao
 

Paulo, Parana, Santa Catarina and Rio Grande do Sul.
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Based on climate, soil and altitude there are four dis

tinct geographical regions in the area.* Moving from
 

inland to the eastern sea coast, one finds an interior
 

lowland plain, a high plateau, a coastal mountain range
 

and finally the coastal plain, each with its own agri

cultural patterns in terms of enterprise combination,
 

farm size, and level of farm technology used. This
 

study includes only the two states of Rio Grande do Sul
 

and Santa Catarina (see section on Data Sources) and is
 

confined to regions in the high plateau and the coastal
 

mountain range.
 

The high plateau encompasses the greatest area
 

among the four regions. Its vegetation is character

ized by areas of open plains and pine forests. On its
 

eastern front, the plateau is defined by a large
 

escarpment which separates it from the adjoining
 

coastal mountain region, the other area of study. The
 

plateai slopes to the west. Most of its rivers flow
 

west, cutting across the farmlands. The expansive open
 

plain of the high plateau traditionally has been an
 

*Much of the following information is from Norman 
Rask,.An Analysis of Aricultural Development Problems
 
at the Farm Level--Southern Brazil: Methodology and
 
General Farm Desri , Agricultural Finance Center
 
Research Report 120, August, 1968, pp. 10-18; and
 
Donald M. Sorensen, "Capital Productivity and Manage
ment Performance in Smal1 Farm Agriculture in Southern
 
Brazil" (unpublished Ph.D. dissertation, Ohio State
 
University, 1968), pp. 14-17.
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area of livestock raising and large cattle estates. In
 

recent years, however, there has been a shift towards
 

mechanized grain production. 'n the northern part,
 

sugar cane and coffee have been important farm products.
 

Some areas of the high plateau, however, have farming
 

patterns similar to those found in the coastal mountain
 

range. Two municipios* from each of the two states are
 

included to represent this large and important farm
 

region: Carazinho from Rio Grande do Sul, and
 

Concordia from Santa Catarina. Carazinho is located in
 

an area of rolling hills on the plateau in the north
 

central part of Rio Grande do Sul. It is an area of
 

medium size to large farms which is in the process of
 

transition to more specialization as a mechanized cash
 

grain area in place of its extensive livestock tradi

tion. Wheat, soybean and flax are the major crop prod

ucts. Improved pasture is becoming important for cat

tle grazing. This transition from traditional live

stock production to modern grain production presents a
 

wide range of potential types and degrees of use of
 

farm technolcgy in the area. Concordia is located on
 

the southern part of Santa Catarina bordering Rio
 

Grande do Oul. Much of the municipio includes steep
 

*A municipio is the basic local unit of government
 

and corresponds somewhat to the county in the U.S.
 



hills and valleys, resulting in the establishment of
 

relatively small to medium size farms which--though
 

generally progressive--nevertheless employ little mech

anized equipment. Corn, hogs and to a lesser extent
 

poultry production are the predominant farm enterprises.
 

The coastal mountain range separates the high pla

teau from the coastal plains. This region has substan

tial annual rainfall and relatively fertile soils, but
 

because of its rough topography no significant degree
 

of mechanization or intensive cultivation is practiced
 

(Rask, 1968: 12). Farms are characteristically small,
 

with agricultural production being based largely on a
 

mixture of crop and livestock enterprises. Corn and
 

soybeans are the most important crops, and hogs the
 

major livestock enterprise. Dairy is important in
 

areas close to larger cities. Again two municipios,
 

one from each state, are selected from the region of
 

the .-oastal mountain range: Lajeado from Rio Grande do
 

Sul and Timbo from Santa Catarina. Lajeado is located
 

in the east central part of the state. It is almost
 

entirely located within the interior mountain range
 

that connects the low plain to the high plateau. The
 

topography i very mountainous. Farms are small in
 

size. Subsistence production patterns exist and hand
 

labor has been the biggest energy source. Agriculture
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is based 
on a mixture of crop and livestock enter

prises. Timbo is located near the coast in the north

ern part of the state of Santa Catarina. Farms are
 

generally small with mixed enterprises. Dairy and ri.ce
 

are two important activities in the area.
 

The four municipios in the two states present two
 

dominant farm patterns even though farms generally tend
 

to be of mixed-enterprise nature: 
 (1) Small to medium
 

size farms in the high plateau of Lajeado and Concordia.
 

Dominant farm types include hog and cattle producers.
 

(2) Medium to large farms in Carazinho, and small farms
 

in Timbo. In both cases crop production is important.
 

Data Source
 

Data used in this study were obtained through farm
 

interviews conducted among the 
same respondents in the
 

selected municipios at two periods with an interval
 

time of five years. The first was done in the early
 

part ol 1966, the information pertaining to the 1965
 

production year. The second was done in early 1970,
 

securing data for the production year of 1969.*
 

.
*A deta !]ed description of the sampling procedure
 
for both periods is found in Rask, 1968, ibid., 
and
 
Norman Rask, "Analysis of Capital Formatib--and Tech-'
 
nical Innova-'ion at 
the Farm Level in LDC's," Economics
 
and Sociology Occasional Paper No. 26 (Department of
 
Agricultural Economics and Rural 
Sociology, Ohio State
 
University, January, 1971); and 
for the first period In
 
Sorensen, 1968, ibid.
 



In the 1966 survey, eight municiJios including Rio
 

Grande do Sul and Santa Catarina were sampled. Much
 

effort was put into adjusting the random sample sellec

tion to include farms which would provide the major
 

characteristics of each geographic region and within
 

that of each municipio. Once the population was delim

ited the individual cases from each municipio popula

tion were stratified by districts in proportion to the
 

number of farms existing within the range of size spec

ified. The sample farms were chosen by random cluster
 

sample from the property tax rolls of each municipio.
 

Once the initial farms were selected by use of random
 

numbers, they served to identify clusters of three
 

farms, thems- Ives and two non-adjacent neighboring
 

properties. Thus the population for sampling included
 

those farmers within the specified size ranges in the, 

selected districts of the municipios included in the
 

stud,. Farm interviews and coding were done by expueri

enced Brazilian university staff. In all, 954 farms
 

were selected of which 501 were in the four municipjos
 

of this study, Also, in terms of size, both extremes-

very large and very small--were avoided in order to
 

increase the representative nature of the observation 

cases. Thus the minimum and maximum size units estab

lished for the four municipios of this study reflecting 



the size of farms commonly found in the areas are a 

follows (Rask, 1968: 21):
 

Size in Hectares
 
Number of


State unicipio Farmers Minimum Maximum 

Rio Grande 
do Sul
 

Lajeado 1275 
 lO 

Carazini!o 109 
 20 1000
 

Santa
 
Catarina
 

Concordia 153 5 luo
 

Timbo 132 
 5 lO(
 

A contract was entered into in July, 196C9, 
between
 

the Department of Agricultural Economics and Rural
 

Sociology of The Ohio State University and the Agency
 

for International Development to analyze Capital Forma

tion and Technological Innovation in less developed
 

countries. 
This contract provided a second opportunityv
 

for an extensive farm-level data collection in southern
 

Brazil. Data were 
again collected from a sufficiently
 

large cross-section of farms 
so that as many as pos

sible homogeneous farm groups could be identified,
 

reflecting the characteristics of 
size, type, technol

ogy, tenure, market orientations, management level, and
 



power in each municipio. The survey was completed in
 

1970.
 

In Rio Grande do Sul, 370 farmers were surveyed in 

three municipios including Lajeado and Carazinho. 

These interviews were conducted during January and Feb

ruary of 1970. Many of the farmers interviewed in 196(
 

in these two municipios were reinterviewed at this
 

time. In Santa Catarina field interviews were com

pleted at the same time for 370 farms in Concordia,
 

Timbo and one other municipio. Again, as in Rio Grande
 

do Sul, farmers in Concordia and Timbo who had been
 

interviewed in 1966 were reintervilwed in 1970.
 

The present study has two major methodological
 

perspectives: (1) A cross-sectional study in which
 

variables affecting the degree of farmers' readiness
 

for innovation adoption will be examined. Farmers wi.ll
 

be categorized and an attempt made on the basis of this
 

profilo to identify the variable associated with adop

tion behavior and thus predict future innovativeness of
 

the farmers. (2) A longitudinal approach which will
 

make use of the five-year interval to test the accuracy
 

of the prediction, measure discernable changes and
 

attempt to provide some explanation for the differences
 

noted.
 

This methodological approach requires having the
 



same observation cases from the 1966 and 1970 surveys
 

in all of the four municipios. In the two states, 501
 

farmers in 1966, and 740 in 1970, were interviewed. As
 

indicated earlier, many of the interviews done in the
 

four municipios in 1970 were reinterviews,-"O m 1966. 

Hence the sample population of this study includes
 

farms interviewed in both 1)66 and 1970. A careful
 

checking of farmers' identification based on personal
 

information, the nature of the farm, time and geograph

:Lcal factors reduced the final sample size to 336 farm

ers distributed as follows: Lajeado, 90; Carazinho,
 

51; Concordia, 107; and Timbo, 108. Hence for both
 

cross-sectional (1965 and 1969) and longitudinal (1965

1969) analysis, the 336 farm cases in the iour
 

mnunicipios will be used.
 

Selection of Variables
 

The selection of variables for examination is
 

based in a combination of factors. It is recognized at
 

the outset that the analysis can be no better than the
 

items on which it is based. As Adelman and Morris
 

(1967: 15) experienced, there were two conflicting
 

principles involved: those of inclusiveness--to cover
 

the important aspects of the problem--and those of par

simony--not to include a large number of narrow indices
 



with limited utility. With this in mind, the following
 

three criteria were used in narrowing down t'e selec

tion 	of variables: 

1. Previous research findings identifying the
 

importance of specified variables associatei.
 

with innovativeness and adoption, e.g. Rogers
 

(1962), Havens (1965), Feaster (1968), Francis
 

(1971);
 

2. 	 The availability of information and data con

cerning the relevant variables; and
 

3. 	 Judgment by the researcher as to the signifi

cance of the variables for the types of farms
 

considered in the study.
 

Rogers (1962: 287-289) summarized the types oI'
 

variables generally used by past studies of innovative

ness as: individual attitudes, nature of the business
 

operation, social structure, group relationships of the
 

respondents, and communication behavior. These general
 

headings include specific items such as age, venture

someness, family income or level of living, farm
 

income, individual values, mental flexibility, member

ship in farm organizations, farm specialization, mobil

ity, education, information contact and others. Havens
 

(1965: 150-165) used 16 variables to predict the time
 

of adoption of innovations. Some of these were farm
 



size, attitude toward credit, social status, favorable

ness of the innovation, opinion leadership, and anxiety/
 

associated with adoption. 
He found that while l or
 

the variables were positively related to the acceptance
 

of innovation, the respondent's definition of his far%

situation was the most influential factor.
 

In a similar approach to that of Havens, Feaster
 

(1968) also used. age, education, non-farm employment,
 

farm goals, and contact with agricultural agents. Age,
 

education, level of living, and extent of contact with
 

agricultural agents were 
found to be significantly
 

associated with adoption.
 

In his study of the adoption of improved agricul

tural practices in West Africa, Francis (1971: 91-92)
 

used, among other items, sale of farm crops for cash
 

income, age, innovativeness and ownership using factor
 

analysis. He found farmers who had accepted farming as
 

a permanent full-time occupation score higher on adop

tion than those who had other sources of income.
 

Moulik and Khan (1967: 306) used innovation proneness,
 

economic motivation, adoption leadership, rural life
 

preference and closeness with extension agents to stu(dy
 

with a factor analysis model determining factors of'
 

farmers' participation in agricultural development pro

grams in India. Their findings indicated three
 



important aspects of a farmer's characteristics: the 

importance of the farmer's orientation to innovation, 

occupational or economic motivation, and leadership.
 

Dasgupta (1968: 12-13) listed 21 variables which he
 

found to be related to adoption. These included such
 

items as organizational participation, education, level
 

of living, extension and outside contact, tenure sta

tus, size of farm, degree of commercialization, and
 

attitudes toward changes.
 

The review given above makes clear that there is
 

no particular set of variables used in adoption
 

research. Each researcher has added a few different
 

items, but in general used a number of variables in
 

essence--if not in nomenclature--similar to those used
 

by others.
 

On the basis of the above studies and other con

siderations mentioned, 15 variables will be used in the
 

1,malys.s of the present study. They are age of farm
 

operator, family size, farm experience, land ownership,
 

employment for wages, adoption score, mobility, atti

tude toward credit use, sales of farm output for cash,
 

operating expenditures, production efficiency, farm
 

size, and farm income.
 

Consistent with past research patterns (Rogers,
 

1962: 287) and the concerns of this study, variables
 



fall into two patterns: individual characteristics
 

(nine variables) and nature of the farm (fl' ;e vari

ables).
 

Age of farm operator is given in years. Education
 

is given in the number of years spent in formal school

ing. Family size includes the total number of depend

ents in the family, i.e., the members of the immediate
 

family and others, e.g., relatives living in the house

hold. Farm experience indicates the number of years
 

the operator has worked with plants and/or animals. It
 

helps to identify those who have put more time into
 

farming from the "newcomers" to the business. Land
 

ownership is important both for economic and social
 

reasons. 
 In terms of security for farm investment and
 

social status, ownership of land is considered to be
 

desirable. The measurement of land ownership is hec

tares. Employment for wages is indicated by the size
 

of incnme from off-farm activities excludinr such
 

wources as interests on loans.
 

Adoption score is calculated by percentage of
 

applicable practices adopted by the farmer, i.e., 
num

ber of practices adopted by the farmer over number of'
 

practices applicable to his farm times 100. This is 
a
 

widely used index of adoption (Dasgupta, 19C,8: 1-5) and
 

is considered to be the best under the circumstance-.
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when there are no data available on time of adoption.
 

For applicability of practices to farms and production
 

efficiency, the farmers are classified into four groups
 

on the basis of the relative importance of various farm
 

enterprises measured in terms of annual cash income.
 

There are crop farms, hog farms, livestock farms, and
 

general farms.
 

Crop farms and hog farms are those in which 60
 

percent or more of the cash income comes from the sale
 

of crops and hogs respectively. Their numbers are 75
 

and 117 in that order. Livestock farms are those in
 

which 60 percent or more of the cash income comes from
 

the sale of cattle, sheep, dairy products, and other
 

animal products. There are 87 of them. General farms
 

number 59 and are those which are not specialized in
 

crop or livestock, but have a diversified crop and
 

cases this category
livestock program. In a number of 


includes farms in which the non-farm income is equal to
 

or greater than the cash income originating from live

stock and crop sales.*
 

Mobility is measured by the number of trips taken
 

in 1965 by the farm operator to places over 100 Kms
 

*A detailed description of each of these farm types 

is given in Norman Rask, An Analysis of Agricultural 
Development Problems at the Farm Level--Southern Brazil 
(Ohio State-University, 1968), pp. 2 



distance within the 
state. The limitation of this
 

variable by its restriction to travels only within the
 

state is well recognized. For attitude toward credit
 

use 
for financing farm operation, farmers were 
scored
 

on a scale of 0-12 constructed with the method of 
sum

mated ratings, based on 
six questions pertinent to
 

credit.
 

Sales of farm output for cash is valued in
 

Brazilian cruzerios of farm outputs sold 
or stored for
 

sale in 1965. Operating expenditure is pertinent in
 

line with the consideration that cost is 
one of the
 

major restraining factors for the adoption of new tech

nological inputs. The expenditure list includes wage
 

costs; 
crop, machinery, livestock and general expenses;
 

and costs of credit. For the score on Droduction effi

ciency index, farms are given a score 
of' "l" for bett e:r 

than average and "0" for below average rating of a
 

group of farm activities applicable to the farms as
 

classified above. 
 Once each farm is scored on appli

cable activities, a percentage index is calculated in
 

formulating indices of adoption. 
For example, crop
 

farms were scored on the yields of two crops (corn and
 

one other depending on the municipio) for 'the previous
 

two years (1964 and 1965). For hog farms, the numb.er
 

of pigs weaned per year per sow, age and weight of ho(.;
 

D'
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were used. Availability of improved pasture,
 

breeding age of heifers, and weaning age of calves were
 

A mixture of,,the activities
 

.sold 


used for livestock farms. 


for the livestock and crop farms were used for the gen

eral farms. The land ownership farm size is given in
 

as given here is net farm income
hectares. Farm income 


in cruzerios.
 

Initially, market accessibility for purchasing
 

farm inputs as well as selling farm outputs was consid

ered as a variable for the structural aspect of the
 

study. However, further investigation showed that most
 

Uof the marketing function was satisfied within one to
 

nine kilometers from the respondents' farms. The dis

criminating capacity of the accessibility variable was
 

too limited and it was therefore dropped from the
 

used is onlyanalysis. Hence the number of variables 

fourteen.
 

Mode of Analysis
 

The principal methodological tool used for this
 

study is factor analysis.* Factor analysis can handle
 

*For full explanation of factor analysis see:
 

Benjamin Fruchter, Introductica to Factor Aalysis
 

(Princeton, New Jersey: Van Nostrand, l95), ...
 

H. H. Harman, Modern Factor AnalYsis (Chicago: Uni
and J. R. Rummel,
versity of Chicago Press, 1967); 


Applied Factor Analysis (Evanston, Illinois: North

western University Press, 1970).
 



a large number of social and economic variables speci

fied numerically. The interrelationships or interde

pendence among a multitude of variables and their vari

ation is the basic concern of factor analysis rather
 

than the dependency of one variable on another or the
 

factors accounting for the interrelationships (Rummel,
 

1970: 190-191).
 

A basic assumption of factor analy
sis is that a battery of inter-.orrelated
 
variables has common factors running
 
through it and that the scores of an
 
individual can be represented more econ
omically in terms of those reference
 
factors. (Fruchter, 1954: 44)
 

Thus using this method we can delineate, without
 

attributing cause and effect, the underlying regulari

ties or patterns in a complex mass of data by extract

ing from a large set of variables the mutual interde

pendence among the subsets which then comprise each
 

factor. As Catell (1965: 190) has pointed out, this
 

simplification may consist of a set of classificatory
 

categories or creation of a small number of hypotheti

cal constructs or concepts.
 

In terms of the immediate interest in variation in 

adoption behavior of farmers, Francis (1971: 88-91) 

suggested that the integration of adoption data with 

other personal and socio-economic information of indi

vidual farmers would result in a group of' meaning'u i 
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factors. These factors would then represent "real"
 

types of adopters as found in the population by
 

strengthening the data attachment to the sample popula

tion. In this way, factor analysis can provide empiri

cal support for hypothesized relations among variables. 

Factor analysis has many uses of which the follow

ing three are very important: 

1. 	To explore and delineate from the large socio

economic interrelationships the patterning of
 

variables in the data with view of a possible
 

reduction of data and discovery of hypotheti

cal constructs.
 

2. 	To test hypotheses of the relationship and
 

dimensions of variables, and the independent
 

source of data variation. 

3. 	 To use as a measuring device--for the con

struction of indices to be used as variables 

in later analysis. 

As indicated above in the general methodological
 

approach, the concerns of the study are identification
 

of variables accounting for variations in adoption
 

behavior among farmers, and the inference of the exist

ence and direction of causality for the variation.
 

Hence for the purpose of the present stufly a].LI three
 

uses of factor analysis will be employed.
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The patterns among variables are viewed from the
 

perspective of variation of characteristics. For exam

ple, the concepts innovativeness and adoption involve
 

intercorrelated variables suchras education, cosmopo

liteness, farm size and ownership. Factor analysis
 

applied to delineate oatterns of variation in charac

teristics is called "R-factor analysis."
 

R-technique is . an instantaneous 
snapshot, and as such it catches people 
at different state levels as well as at 
their trait levels. In statistical terms 
it includes both across-people and acros3
occasion variance. (Cattell, 1963:170) 

Most factor analysis on individual differences has boon 

of this kind, and it is the method used in the present 

study. 

The Factor Model
 

A linear model is the basic assumption of factor
 

analysis (Harman, 1967: 11-15). It represents a vari

able Y, in terms of several underlying factors. Within
 

the linear framework, principal component analysis is
 

an empirical method for the reduction of a large body
 

of data so that 
a maximum variance is extracted.
 

[1] The sample data are given in the following way:
 



Variable s 

FarmFarm Adoption Education 

Score Level Mobility Size
 

Identification 

2 .. iNumber 1 5 


1
 

92 

129
 

356
 
I)
 

The model for'component analysis is:
 

c 1F" + + + n (j 1
1, 2,..., n)
[21 Y 1 2F2 


In the particular study at hanC, it will take the
 

following form:
 

=
[51 1 allF1 + a12 F 2 + 
+ ln n
 

=
Y2 c 21 F1 + (2 2 F2 + 2n Fn
 

+ 2 + + Sn n1 2 


y1 ( 4 F 1+ 14 2 F2 + .... 4 F n 



where Y = a variable with known data
 

a = a constant
 

F = a function, f(), of some unknowm variables.
 

Each of the j(14) observed variables is described
 

in a linear fashion in terms of n new uncorrelated
 

factors, F1, 2 ,...I 
Fn That is, by application to
 

the known data on the Y variables, factor analysis
 

defines the unknown factors. As noted above, F stands
 

for a function of variables and not a variable. The
 

unknown variables entering into each function, F, are
 

related in unknown ways, although the equations relat

ing the functions to each other are a linear combina

tion of the j original variables (Rummel, 1967: 459).
 

The loadings emerging from a factor analysis 
are the
 

a constants. 
The size of each loading for each factor
 

measures how much the specific function is relatod to
 

Y. Besides determining the loadings, factor analysis
 

will also generate data for each case 
on each of' the
 

a functions uncovered. These derived values for each
 

case are 
called factor scores. They, along with data
 

on Y and the equations [3] 
give useful and important
 

mathematical relationships among the data as 
in multi

correlation equation (Rummel, 1967: 
459). The mathe

matical principles by which each factor is formed 
rrom
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(Adelman andthe 	 observable variables are as follows 

217-218):
Dalton, 1971: 498; Kim and Nie, 1970: 


1. 	Those variables that are most closely inter

correlated are combined within a single
 

factor;
 

2. 	The variables assigned to a given factor are
 

those that are most nearly independent of the
 

variables assigned to other factors;
 

The factor sets are derived so as to maximize
3. 


the percentage of total variance attributable
 

to each successive factor (given the inclusion
 

of the preceding factor).
 

On the basis of the initial correlation matrix, a
 

decision will be made as to how many factors to extract.
 

Since each factor is defined as the best linear summary
 

of variance left in the data after the previous factors
 

are taken care of, the first m factors--usually much
 

smaller than the number of variables in the set--may
 

explain most of the variance in the data. For factor
 

least
analysis purposes, the factors that explain at 


five percent of the overall variance are retained for
 

the terminal solution
further rotation to arrive at 


that satisfics the theoretical and practical needs of
 

211; Adelman
the research problem (Kim and Nei, 1970: 


and Dalton, 1971: 498; Harman, 1967: 15).
 



In summary, the following are some of the unique
 

features of factor analysis.
 

Its primary purpose is to reduce the ovrd'inal num

ber of explanatory variables to a smaller number of' 

independent factors in terms of which the whole set,, o" 

variables canr be understood (Adelman and Morris, I9 : 

151). 

Factor analysis is based on measures of* associa

tion. Tt differs from other statistical problems i' 

that there is no distinction between independent and 

dependent variables. One does not select one var.a1:]c 

which is to be predicted or determined by," tie othru 

variables. All variables are treated alike, ]ep'ne 

and independent in turn. It is a study o1' rutua: 

interdependence (Adelman and Horris, ]2): !; 

Phillips, 1971: 209; Rummel, 1970: 190-1 1;Thurstoie, 

1-47: 59). 

In factor analysis the object is to
 
discover whether the variables can be made
 
to exhibit some underlying order that ma-,
 
throw light on the process that produces
 
the individual differences shown in all
 
the variables. (Thurstone, 1947: 61- 2)
 

Furthermore, to point out another signiJficant dli'-


Cerence, in factor analysis unlike rerre.-s.on inaly.,;i 

the final explanatory factors are not observable mani

tudes. They are, rather, groupings ol' the or.ifrinal 



a number of clusters. Each cluster con
variables into 


of the initial variablessists of a linear combination 

included in the study. Finally, the merit of factor
 

simplify statistical data
analysis lies in its power to 


arenasarising from complex and comparatively unexplored 

Morris, 1-7:1-iof scientific endeavor (Adelman and 



CHAPTER III 

ANALYSIS OF THE DATA
 

Factor analysis operates with the basic assumption
 

that the intercorrelationship of a large number of var

iables may be due to the presence of one or more under

lying dimensions or factors which areirelated to the
 

variables in varying degrees. As mentionej in the l1a.;t 

chapter, one of the functions of factor analysis is uo
 

replace this large number of variables with a much
 

smaller number of conceptual factors which have more
 

theoretical significance and meaning.
 

We conceive of underlying factors which "really
 

exist" but which can be only imperfectly mea.ured 1 b:' 

variables. The imperfect correlations amonrr variab]e .

may be accounted for by their varying association wit;h
 

the underlying factors. Thus, a variable may be con

ceived as having several components, one component
 

associated with the first factor, another component,
 

with the second factor, and so forth. In other words,
 

the variable may be measuring several factors simul

taneously; although it may be much more highly
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correlated with one than with the others.
 

When factor analyzed, the variables are clustered
 

in the sense that within any cluster of variables there
 

is high inter-correlation whereas correlation between
 

clusters is relatively low. The theoretical assumption
 

is made that high inter-correlations within each clus

ter are due to the presence of a single factor repre

senting the cluster. Then a second factor is associ

ated with another cluster and so on until the last
 

cluster has been identified. By examining the nature
 

of the variables in each cluster we can identify what
 

they all have in common. This common element among all
 

the variables of the cluster is presumably the factor
 

associated with the cluster and can be named accord

ingly.
 

The Initial Factor Matrices
 

The matrix of correlations indicates the correla

tion of each variable with every other variable (Appen

dix B). These are the basic data used in the factor 

analysis. The decomposition of the original set of 

variables irto smaller sets of factors partitions the 

totality of the variables into essentially independent 

subgroups or factors. The first factors extracted are 

unrotated. The unrotated factor matrices presented in 



Table 1 are actual factor results for a common .lector
 

analysis nf the data. The columns of the matrix 1'inc
 

the common factors and the rows refer to the variables.
 

The intersection of the row and column gives the load

ing for the row variable on the column common factor.
 

In the factoring of the 14 variables the follo:ir z 

standard procedure was used: all factors with eigei

values of' greater than zero were extracted. The nunbe r 

of factors was 14, with the last one having an eiren

value of 0.0195. Factors with eigenvalues near uinity.' 

(the 3rd, 4th and 5th factors) were then evaluated. On
 

the basis of eigenvalues of one or greater and inter

pretability (meaningfulness) three factors were main

tained. Factors beyond this "cut-off" ooint were con

sidered less meaningful and dropped from the analyfri2
 

since factors of eigenvalues lower than one would not
 

h lp reduce the data to more comprehensive units
 

(Cooly and Lehner, 1962: 160). The configuration of'
 

loadings of the fourth factor resulted in its rejec

tion. The fifth factor was not used because the
 

rotated factcr structure is highly sensitive for over

factoring, thus tending to distort results beyond the
 

first few factors (Rummel, 1970: 366). Each of the
 

three retained factors accounts for 5 percent or more
 

of the overall variation in the data. The total
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variation explained is 44.13 percent (26.3+12.43 + 

5.32). 

The 	major features of this matrix are 
as follows:
 

1. 	 The three common factors (columns) are the
 

largest statistically independent (orthogonal)
 

patterns of relationship among the variales.
 

2. 
 The 	loadings measure which variables are
 

involved in each factor and 
to what degrree.
 

They are correlation coefficients which show
 

the 	extent of variance in each variable tha.
 

can 	be explained by the factor (Cattell, l-Y:
 

896). The square of the loadings times 10
 

equals the precent variation that a variable
 

has in common with the unrotated common fac

tor. By comparing factor loadings for all
 

factors and variables, those particular vari-.
 

ables involved in an independent factor can b; 

defined, and those variables most closely 

related to a factor can be identified. L0',
 

example:
 

Sales of farm output 2 
(var 7) and Factor I: (0.97) X 10" 

Age 	(var 3) and 
Factor II (0.92) X i00 

Adoption (var, 11)
.Qd i I C ;0 1'1 11 . 

: : (() (,t) " × I ) ",, 

http:26.3+12.43


Mobilizy (var 10) 
and Factor II (0.0) 

2 
X 1O() .01. 

Age (var 3) and 

Factor III (0.002) X 100 .0001i 

A zero factor loading, as in age on Pactor 

III, does not indicate the absence of the fac

tor in the variable but rather that t;he factor 

in question does not explain si(nificantly; the 

variance of the variable; i.e., it is not 

involved in the variable variance (Th,rstone, 

1947: 341).
 

5. 	 The loading as the projection of each variable 

cmploy-.,edon the factor axes of the data may be 

to give a spatial representation of the fina-


Each variable loading can be displafyed
ings. 


As uncorreas a vector in the factor space. 


lated factors they can be represented geomet

rically as perpendicular or orthogonal axes.
 

large in
However, the factor matrix was too 


this case and hence cannot be shown.
 

as employed in
4. For principal axes technique 


this analysis the amount of variation in the
 

data explained by each factor decreasies suc

ce.-,ively with each factor. In other word:, 

the first unrotated factor delineates the most, 

generalized patterns of relationships in the 



. . data (26.38 percent) and hence is the str-o ' .. 

est. The second factor delineates flhe next 

most general pattern that is orthogonal to tihe 

first (12.43 percent). The third delineates 

the third most general pattern orthogonal to 

the first and second (5.32), and is thus ihe 

weakest. 

5. The column headed "Communality" displhys the 

proportion of a variable's total variance t:hal, 

is accounted by all the three factors. 1t ir 

the sum of the squared loadings (h2 ) for each 

variable. For example: the percent of' vari

ance in adoption scores (var 11) accounted for 

by the three factors is the'communality times 

100: h2 X 100 = (0.50) X 100 = 50 percent. 

6. The sum of the column of communality values 

over the number of variables times 100 equals 

the percent of total variation in the date: 

that is patterned, i.e., the total variancce in 

the data accounted for by the factors. 

zix 1 00 =6.17 xlOO = 44.1312T i -147 -

We could reproduce about 44.13 percent of the 

total variance among the 336 respondents on 

the 14 variables by knowing the respondents' 



scores on the three factors. This sum
 

(4-4.15), therefore, measures the order, uni

formity or regularoity of the data.
 

7. Percent of total variance among the variables 

related to a particular common factor measures 

the amount of data variation in the original 

matrix that can be reproduced by a single fac

tor; i.e., it measures a factor's comprehen

siveness and strength. For example: the cor

relation of the variables with Factor I :unim 

of column of factor loadings (0.'?6772)2 + 

(-0.12283)2 +... + (0.58114)2 = 3.69526

eigenvalue. The percent of total variance 

accounted for by Factor I is X oo 

26.38 (Rummel, 1970: 137-145).
 

The initial factor matrix is produced primaril,' as
 

a neans of data reduction. On the basis of this
 

matrix, the number of factors to be retained was evalu

ated. Even though the unrotated factors define the
 

major clustering in the data, they do not necessarily
 

give the majcr clusters of interrelationships since
 

unrotated factors are uncorrelated with each other.
 

Simple structure rotation does give the major clusteT ;.
 

(See next section.)
 



V 

Factor Matrix Rotation
 

In factor analysis the initial factor solution
 
4 

(unrotated matrix) is usually altered to a 
-;olution
 

with more desirable properties. When factorT are
 

rotated it is possible to end up with ncm,-erpendic
d 

(unorthogonal) "oblique" factors (linear uransforna3,ion 

of the unrotated factors) which fit the cluster ror,, 

perfectl-1 and provide meaninrful patterns o;' the va'i

ables. The aim of the rotation is to obtain a ¢t ,f
 

factors in which a given factor will be fair'y hi2li17; 

correlated with some 
of the variables but uncorrela'ei 

with the rest. Each rotated factor can then be i i0t

fied with one of the clusters of Variables. Thereb

the effective number of variables is reducodi to 
seve(rL]
 

factors.
 

The rotation criterion used in this analysIs 
.i
i; 

thie one most generally applied: 
 simple t .ictuL'e. '1e
 

muliiple factor analysis hence involves the .j rication 

of principal axes 
to yield a preliminar solution ItJat,
 

is rotated to simple structure.' Simple structure
 

attempts to naximize the number of high loadings on
 

each factor, while minimizing the number of factors
 

with high loadings for each variable. This tends to
 

make each factor define a relatively unique confifura

tion of the intercorrelated variables (Fruchiter,
 



1954: 109). The advantage of the rotation is that the
 

factor loadings are conceptually simpler than the unro

tated ones since the variables will not load on as many
 

factors as they did in the unrotated solution. Also,
 

the loadings in the unrotated solution depend heavily
 

on the relative number of variables being examined.
 

The rotated factors are more stable in this respect
 

than the unrotated ones (Kim and Nie, 19'70: 222). The 

factors from the rotation may be interpreted as 'clas

sifications, causative agents, basic variables or basic 

dimensions' of the data. Thus, this rotation technique 

is useful not only in reducing data to a smaller set of. 

independent factors but also in mapping empirical con

cepts of a domain or test hypothesis about; major 

sources of co-variation (Rummel, 1970: 338, )44). 

Like the unrotated factors, here also, the vaT'i

arce contributions of the factors are decreasing. The
 

first; "actor measures the most variance, the second and
 

third decreasing proportions of variance.
 

For comparison,,-both c'thogonal and oblique
 

rotated matrices are given in Tables 2 and 3. Orthogo

nal rotation onay defines uncorrelated factor's.
 

Oblique rotation has greater flexibility In searching
 

out factors regardless ot their correlations. oPorthe 

purpo.re at. hand--scarching the patterns of 

http:purpo.re
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interrelationships of the variables in the data-

oblique rotation seems more fitting. Irn other word.,:
 

by oblique simple structure it is meant that the best
 

definition is sought of the uncorrelated and correlated
 

factors, necessary to delinea'e the clusters of inter

related variables (Rummel, 1970: 147). This is more
 

realistic because the theoretically important underly

ing dimensions are not assumed to be unrelated to each
 

other (Kim and Nie, 1970: 223).
 

The oblique simple structure rotation takes place
 

according to a primary axes coordinating system using
 

the direct Oblimin criterion to simplify the pattern
 

matrix and control the obliqueness of the solution.
 

This way the factors will be correlated if such corrr:

lations exist in the data (Kim and Nie, 1970: 225). In
 

applying the direct Oblimin criterion, 25 iteration
 

cycles and a 6 (delta) value of zero were used to yield 

factor-, which are more oblique (Harman, 1960: 336). 

The oblique rotation produces two sets of matrices 

(Table 3)--the factor pattern with loadings of regres

sion coefficients and factor structure with correlation
 

loadings. Between the two, the first shows what vari

ables are involved in each factor. It distinctly shows]
 

the patterns or the loadings of the variables on the
 

factors (Rummel, 1970: 148, 479). Hence the factor
 



pattern is used for the identification and interpreta

tion of the factors (Table 4).
 

Factor Identification
 

Identifying the underlying factors is one of the
 

theoretical problems posed in factor analysis. The
 

matrix of factor loadinrs not only indicates the weight.
 

of each factor in explaining the variables but also
 

provides the basis for grouping the variables into com

mon factors. Each variable may reasonably be identi

fied with that factor with which it shows the closest
 

linear relationship, i.e., the factor in which it has
 

the highest loading (Adelman and Morris, 1967: 152-153).
 

Interpretation entails affixing labels to the
 

oblique rotated factors. The configuration of the
 

simple structure as shown below (Table 4) yields iso

lated constellations: the variables in each cluster
 

are highly correlated and have very low correlations
 

with tue variables in the other clusters. In other
 

words, each variable is a relatively pure measure of
 

its factor (Fruchter, 1954: 111). The three factors
 

are identified by descriptive (typological) labels
 

which embody the patterns of interrelationships defined
 

by the factors.
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Factor I.--The variables which loaded most heavil,, 

on Factor I included: sales of farm output, operating 

expenditures, farm income, land ownership and farm siz,-. 

Factor I, which is a group factor, may be inter

preted to represent economic resources which are of
 

both cash and fixed natures. It also points to the
 

commercialization of the farm as reflected by the vol

ume of sales and the net farm income. Operational
 

expenditures indicate the importance of the availabil

ity of capital as one of the major differentiating
 

(discriminating) variables among the total number of
 

farmers.
 

In terms of non-cash resources, landholdings and 

farm size loaded heavily on this factor. Factor 1 

accounts for 61 percent of the variation in owmershio 

and 31 percent of the variation in farm size. 

Off-farm income also loads significantly, though 

not so heavily. The loadings of non-economic resources
 

variables on this factor, such as individual. personal

ity characteristics and sociological variables, are
 

low. Examples included are the case with age, educa

tion level, mobility, family size and adoption. How

ever, as shown in the table, apart from Factor III, it
 

is on this first factor that the adoption variable
 

loads most positively.
 



Factor II.--Factor II accouxiUs for 12.43 percent
 

of the total variance. It is based primarily on only
 

two variables: age and farming experience expressed
 

in years. Hence, it is a "double" factor. It accounts
 

for 77 and 85 percent respectively of the variations in
 

age and experience.
 

In Factor II education level, attitudes toward
 

credit use, 'arc income, adoption score, production
 

efficiency and operating expenditures loaded negativel..
 

Time span is an appropriate name for this factor. It
 

implies that in spite of more yea.rs of life and farminfr
 

experience, older persons generally tend to have less
 

capital expenditure and farm income. They also have
 

had less school years completed. They don't have sir

nificantly favorable attitudes toward borrowed capital.
 

Their production efficiency is lower and they,' score
 

lc;er on adoption of new practices, too.
 

Factor IIT.--This is a specific factor aith only
 

one high loading. The only variable which loads sig

nificanuly is adoption. Factor III accounts for 44
 

percent of the variation in adoption among the total
 

sample.
 

Next to adoption, characteristics of Camily :iize,
 

attitude toward credit use, and production efficiency
 



load hi, though not as significantly as adoption. 

The positive relationship of these variables to adop

tion is also clear in the correlation matrix. In view 

o. the transcendent dimension which relates those vari

ables to each other as some sort of prerequisite 'o
 

adoption, Pactor ill represents motivation. 

amily size varies positively with adoption. This 

i:; probably,- because its operational. definition include6, 

"all dependents in the household." The well-to-do 

'ar,,mers may have higher numbers of dependents or house

hold members, thus providing their farms with a rood 

supply,, of labor. 

.he factorial analysis of the fri-rt order oblioun 

rvotaLed factors using'; 14 variables thus ecc 1,o the 

ret;ention of three factors. They wore: 

1. economic resoarces,
 

2=. time span, and
 

motivation.
 

These factor constituLted the major variations or dif

ferencoe ()I/- ercent) among the total. sanile. In other 

words, [,he ttrree clusters now form the independent f'ac

tor:s :n(] t;he vari;tbles are the dependent ones. 

iThe rm.. or" ,ypo thesis: f'or; t~his stud.V was: tha t the" 

do ,'(!:i !iiI'; pre i sinI'ssforI' i.nrovat, i've nd opt ion is) , (I]o 

a function or the indivi.dual personal, cha.racteris hics, 

, [ .
 



the 	nature of the farm and structural factors. In
 

terms of the major hypothesis, the independent factors
 

or determinants of adoption included votivation and
 

attitude, resource endowment of the farm and ag 
of the
 

farm operator. The percent of variance in adoption
 

explained by, each factor was as 
follows:
 

Percent of Variance in
 
Adoption :oplained Factor
 

43.56 
 Motivation
 

1.96 	 Economic Resources
 

0.16 	 Time Span
 

45.68 

About 'W percent of the variation was explained by 

the three :actors. The implications of these findin-s
 

are that farmers who adopt more practices are:
 

1. 	more highiy motivated: they are more effi

cient producers, and are favorably oriented
 

toward the use of borrowed capital;
 

2. 	 better endowed with farm resources and are
 

marl-et oriented; and
 

3. 	 yoi oger in age and as a result have fewer 

years spent on farming. 

The 	 factorial iothod. was used for the study, of 

individual differences imong farmers as an approach to 



study the processes which underlie the differences.
 

The three factors--motivation, resource endowment
 

and time span--have produced nearly 46 percent of the
 

difference in adoption behavior of individuals. The
 

implications of this are suggested above. This identi

fication of the independent clusters for adoption and
 

the exnamination of their nature and implications has
 

' sho m the presence of the postulated parameters anui, 

as a result, the major hypothesis is sustained. 

Adoption Groups and Factor Loadings
 

To test the accuracy of the factors as measures
 

of variance among the total sample, and to be in a
 

better position to relate individual characteristics
 

to adoption behavior, further analysis was conducted.
 

The total sample of 336 farmers was divided into three
 

groups on the basis of the 1965 adoption scores (per

cenm.age of practices adopted): high adopters (75.00 to
 

100.00), medium-adopters (42.00 to 74.99), and low
 

adopters (00.00 to 41.99). The next step was to check
 

these groups on the three independent factors, specif

ically the --ariables which loaded high on each factor.
 

tatt.,,ti ctcs of' variables wh.ich i doi hli i .in 

"y. a I Tco,Ic ') : I aow lallo vmo,:tri, L 1d l.o 

onily accounli t[o-T the aJor variation amonf7 ith,otail 
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sample but alo indicate clear patterns among adopter 

groups. 

In translation of "real" cases, the high adopters 

are those who have land resources, capital for excpendi

tures, hi~:h off-farm income, and are more commercial

ized. This combination results in hiqher net income, 

anid vce versa for the low adopters. 

The high adopters are you~ner in age and years 

sp t on farming; hence the negative relation of the 

ae fcto. to adoption behavior. Education koes not 

seem to be very discriminating (Table A). 

rIhe higher adopters were persons with favorable 

ak, i; dusc loward credit use (Table 7). They were Cound 

bo have more family (household) members, and hi .:her 

nrodutct;ion efficiency. A further examination of the 

loaii situat:ion of those :roups in 1965 showed that tAhe 

h i, adoptker:; had twice as many loans as the low 

)dop ,i and a sirnificant amount above the medium, 

adon trs. The lare, number of cases who had never had 

loans -,nfi rme& the findings. There were manX who had 

never had a oan among medium adopters and more amnong 

the Low adftevs (more than twice that of the high 

adopters). !n other word, .the better adopters not 

only hnd fvorable opin.ona toward cv.erdi use but also 

made move use of' borrowud capital. 

<i P(/" 
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The profile of the "real" respondents--i.e., indi

viduals in the sample population identified by the fac

tors--was as follows. High adopters:
 

1. 	 are ycunger in age;
 

2. 	 have higher socio-economic status (i.e.,
 

income, land. o mership);
 

3. 	 have larger farm tunits; 

4. 	 arc more market oriented;
 

5. 	 have favorable attitudes toward credit use and
 

have more loans;
 

6. 	 have more capital for farm expenditures;
 

7. 	 ar more efficient producers;
 

8. 	 have larger households;
 

9. have more off-farm income than low adopters;
 

and vice versa for the low or non-aaonters.
 

In short, the high adopters are younger, wealthier
 

far'mers with larger farm units. Education level does
 

not .c;m to produce much difference, apparently because
 

the general education level for all of the respondents
 

was arouind three years of schooling. Specialization in
 

farm enterprise was not very discriminatory since most
 

farms were specialized. More than 50 percent of the
 

hog farms, however, were in the high adopter groups,
 

while many of the cattle farmers were low adopters.
 



Adoption Prediction with Factor 
Scores 

The second hypothesis of this study was that fac

tor scores would predict adoption better than individ

ual variables. Factor analysis was completed a second 

time without the adoption variable in order to better 

specify the relationshio of adoption to the factors. 

Fr,,(! the thirteen .'ariables, again three factors were 

extracted: 

Percent of Cumulative 

Factor EifLenalue Variance Percent 

1 2.. 88 2r7.88 

2 1.747 13.4-14. 41.32 

3 3..8z, LI O 

By o itting,adoption the three factors ex-, racted 

explained 45.O8 percen . of the over-all variation in 

ti . data. This compared with 44.13 percent when four

teei, v-triables including adoption were used, indicating 

considerable variability in the adootion variable 

(Francis, l'Dl: 95). Though the new factors explained 

more variation, they did not produce a meaningful pat

tern 	matrix A.1ihout the adoption variable included. 

The prcipal axe., method was .used to estimate the 

f.actor s. To define the b'cSt set of' factr.r scores, the 

true 	weightinE. of all variables (or the complete 



estimating method) was used, 
whereby instead of only
 

variables with high loadinvs all variables were
 

included. Thus, some variables were simply used 
as
 

suporession variables to increase the accuracy of the
 

estimate of the given factor. 
 In other words, each of
 

the thirteen variables was weighted proportionally to
 

involvementit n in a factor: the more involved a vari

able, the higher the weiht. Variables not at all 

related to a factor would be weighted near zero
 

(Cattell, 1957: 290). (See Appendix E) 

To determine the score for each respondent on a
 

factor, then, the respondent's data on each variable
 

are ultiplied the weight for thatby factor variable. 

The sum of' those "weight times data products" for all 

the variables yields the factor score. Correspondinr 

to the values of the variables involved with a factor
 

thn weighted summation will give respondents high or
 

low ;t -.ndari scores. 

The factor scores are to be interpreted as data on
 

any variab.e are interpreted (Rummel, 1971: 152). 

Gince the adoption variable was not included in getting 

the factor scores, they could be used for 'urther study 

of adoption aithout risking circularity of argument
 

(Cattell, 1957: 38).
 

A de tai led survey of the 1959 data showed that 

. .... . .. 
 ].
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during the previous five-year period no particular new
 

agricultural practices were introduced into the area.
 

However, there was some expansion in the same set of 

practices which may have been new for some and a con

tinuation for others.* Since the objective of the fac

tor analysis was the discovery of .mderlyin patterns 

racher than the mere study of individual differences, 

a new adoption score was calculated for 1969 for each 

resoondent regardless of his score on some or all of' 

the practices adopted in the past (1965). The calcula

jion o. adoption scores involved, as before, the rer

centage of applicable practices adopted b, each, 

respondent. 

The last step taken in this analysis and in accord 

.ith the second hypothesis was to use the factor scores 

o! the respondents as ,ata for predict.i 6n. ,! the ]. 9 
aoreion ,-;core. However, both the mult:.),re.. ression 

s and Kendall's correlation showed that individ

ua] variables were better predictors than factor scores. 

.his wa. also the finding of Francis (1971: 93) in his 

study of West African farmers' adoption behavior. A
 

*For some details see Norman Rask, "Technological 
, hange and tne Traditional Small Farmer of Rio Grande 
Do Sul--Brazil," Economic and Sociological Occasional 
Paper No. 85, Department of Agricultural Economics and 
Rural Sociology, Ohio State University, June, 1972. 



factor analysis of the f'acbor scores with the 1969 

adoption score confirmed this, as shown below: 

TABLE -

ROTATED MATRIX OF FACTOR SCORES WITH 
1969 ADOPTION SCOR.E* 

Variables 
 Factor A Factor B
 

Yactor ,core 1 (0.54677) -0..3"/41'0 

Factor '1core 2 -0.42064 -0. 

i'actor 3core 50.08191 ( 0. 12) 

Adoption 6core (1969) 0.33100 O.082)6 

*Loadings greater than an absolute value of 
50 shown in parentheses. 

The rotated matrix showed that only the economic
 

and motivational factor scores 
loaded relativel,,
 

heavil-, and hey -oad(don different factors. 
 How

ever, the variation in the adoption variable was 

exp].' ."ed little by the two factors and princ.ipa].ly uy 

the factor associated with economic resource3. 
 hence,
 

both the regression and factor analyses did not bear
 

out the hypotesis that factor scores wotld predict
 

adoption betLer than individual variables.
 

http:princ.ipa].ly


CHAPTER IV 

.IUMIIARY AND CONCLUSIONS
 

This research was part of a series to study the
 

process of capital formation and technological innova

the farm level in developing countries. The
tion at 


locale for this study was the two southern states of
 

Brazil, Rio Grande do Sul and Santa Catarina. Data
 

were collected from farmers on a purposeful random
 

sample basis both in 1'66 and 1970 for the previous
 

years (1965 and 1969) of operation. Initially the
 

intention was to study the factors which accounted for
 

the differences among the individual respondents in
 

their readiness for innovative adoption of agricultural
 

practices. By readiness was meant having a favorable
 

comuination of individual personality characteristics.
 

StrucKral as well as socio-economic features were con

sidered which would render it possible for an individ

ual farwer to adopt feasible and relevant farm prac

tices. Once ;he sources of this variation among the
 

was to check
respondents were established the objective 


if major changes had occurred in the five years since,
 



and measure and account for the changes that took
 

place. Accordingly much effort was put into choosing,
 

from the over one thousand cases in the total sample,
 

those respondents whose identity could be matched for
 

both periods. The retained sample size was 556. A
 

careful check of 1969 data, however, aid not show new
 

practices introduced in the area and hence, the present
 

analysis is largely only for 1965.
 

The central hypothesis for this research was that
 

the degree of' farmer's readiness for innovative adop

tion is determined by a combination of individual per

sonality characteristics, the nalure of the farm and
 

structural factors. This hypothesis was thought to
 

have a better perspective than. many researches done on
 

this topic which have undul, emphasized only one 
or two 

aspects of the determinant factors (see Review of Lit

er,, ure). 

The search for the basic underlying source of the
 

variation in adoption behavior and the possibility of
 

using a large number of variables to test the hypothe

sis lent itse.f to the use 
of factor analysis. 1ator 

analysis can oe used beneficially not only to reduce 

the data but also to delineate the patterns of varia

tion in the major characteristics of' the ,s;ample popula

tion. 



The model used was component factor analysis.
 

This model is concerned with all the variation in a set 

of variables, whether common or unique. Initially fif

teen variables were selected for investigation on the 

basis of their theoretical importance, availability of 

data and the researcher's judgment of their relevance 

for the study. One of the variables was market acces

sibility--the distance farmers have to travel to sell 

farm outputs and/or purchase farm inputs--as a struc

tural factor. However, a detailed survey of the data 

showed that most of the marketing function was done 

within a distance of nine kilometers (five + miles). 

This variable as operationally defined was thus not
 

found to be discriminating. It was not, therefore,
 

included,. The final list of variables used in the 

analysis included: lar.d ownership, farming experience, 

age and education of the farm operator, family size, 

operrat'ng expenditures of the farm, sales of farm out

put, employment for wages (off-farm incomes), net farm 

income, mobility, adoption score for 1965, attitude 

toward credit ',se, production efficiency index, and 

farm size.
 

Using p-incipal axes and simple structure for the
 

rotation, the factor analysis extracted three common
 

factors from the fourteen variables. These were titled
 



"economic resources," 
"time span," and "motivation."
 

Both Kaiser's varimax and direct oblimin methods were
 

used respectively to extract the orthogonal and oblique
 

rotation of the factors. 
 Criteria of eigenvalues of
 

one and interpretability were used for the number of
 

factors retained.
 

Together the three factors explained 44.1 percent
 

of the variance in the data. 
The first and strongest
 

factor was "economic resources" including sirnificant
 

loadings of 
five of the fourteen variables. This fac

tor which explained 26.38 percent of' the variance
 

reflected a heavy concentration of 
resource variables, 

market orientation and sales value of farm output. 

Capital expenditures, income and landownership were 

included in it. 

The second factor, "time span," was a double fac

tc' with high loading by age and farming experience. 

It explained 12.43 percent of the over-all variance. 

This factor reflected the time span in age and years 

spent in farming. Education level as measured din years 

spent in school loaded negatively on this factor. 

The thiid factor, "motivation," included a sign if

icant loading from one variable, aduption, and rela

tively high loading by attitude toward credit use and 

the production efficiency index. The percent cf 



variance explained by Factor III was 5.32. This factor
 

reflected a high level of favorable attitude and readi

ness for adoption.
 

In terms of the major thrust of this study, the
 

analysis indicated that the variation in adoption
 

behavior of the farm respondents was more closely asso

ciated with or influenced more by attitudinal, motiva

tional and managerial (sociological) variables than by
 

economic ones like resource ownership.
 

The motivation factor explained '44 percent of the
 

variation in adoption scores, while the economic factor
 

explained two percent and the time span less than two

tenths of one percent. Further examination of the
 

variables which loaded heavily on each of' three factors
 

identified those who were higher adopters to be highly
 

motivated, well endowed with resources, market oriented
 

an, younger in age than the lower or non-adopters.
. 

This irference was also collaborated by other studies 

in one of the states (Rask, 1972: 2-29; Sturn and 

Riedle, 1972: 16-25). Moreover, in a number of 

respects, the characteristics of the higher adopters 

were similar 1o those of early adopters: social status 

(income, land ownership, . . .), farm size, competence 

in farm technology, market orientation, and favorable 



attitude toward credit (Francis, 1971: 101; Rogers, 

1971.: 185-186). 

For explanation of over-all, variation in the data 

(the 	characteristics o1' the respondents) the economic
 

factor accounted for more. But for variation in adop

tion 	score the attitudinal and motivation factor was
 

morn 	 iimiportant. 

In terms of specific variables, age and farming .

experience showed negative relion to adoption. /du

cation level did not show much discriminatory capacity. 

The education level of respondents was mostly around 

three years of schooling, and having not much variation 

itself, it did not account for much variation explana

tion 	either in total data or in the adoption variable.
 

"turn and Riedle (ibid.: 19, 22) in a similar study
 

also 	found this to be the 
case 	with both the education
 

an. age variables. 

Mnbility, defined here as the number of trips over
 

.0O kilometers (60 miles) taken in a year by the farm
 

operator within the state, did not load much either.
 

Again this mi-ht be because the number of such trips
 

was few, averaging about one in a year.
 

Availab 4 Liity of credit was an important structural
 

influence. Those who had favorable attitudes toward
 

the use of borrowed capital and who used more loans 
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wereamong the higher adopters. They seemed to have a 

positive attitude toward the adoption o~f other prac

"j1 tices too (Rogers, 1971: 110). 
Family size defined as the number of dependents in 

the household loaded relatively high on the factor
 

associated with adoption (Factor III). This could be
 

because of the high demand for labor on those farms
 

which used more and varied new practices and inputs or 

because more people come to join higher income house

holds (Sturn and Riedle, ibid.: 3). Rask (1972: 29)) 

and Sorensen (1968: 151) also found.that farms which
 

had not kept pace with the general rates of income
 

growth and technological change were limited not only 

in land resources but also in family labor.
 

The identification of the factors, interpretations
 

of the meaning of their nature and characteristics sus

tained the major hypothesis postulated for variation in 

Pdopoi.cn behavior. factor scores were generated for 

each responJ1 i't which were then used for prediction of 

the 1969 adoption score. Use of these scores as-vari

ables in multiple regression, Kendall's correlation and
 

another factor analysis showed that individual vari

ables are betuer predictors of adoption than the factcr 

score. 

L - ~ . 

http:dopoi.cn


I.. ' .it is1irealized that the outcome of this factor 

-- anaysis -was--inluenced--bya-number-of cond'itions.''' . ... 

1Some of these were:
 

1) Selection of the sample
 

The sample, though somewhat representative, was
 

not completely random. Furthermore, it included a wide
 

range in the values of the variables used., Hence it
 

was more useful for the identification of the underly

ing factors in adoption behavior than for generaliza

tion to the entire area of southern Brazil.
 

2) Type of correlation coefficient used
 

The most satisfactory type of correlation coeffi

cients for continuous v ariables are product moment cor

relations, i.e., the most consistent results are 

obtained when distributions have been normalized. How

ever, correlation coef:.icients of raw scores were used 

ir, this enalysis. This should not unduly affect the 

resu t since linear relation is assumed in !'uctor an]

ysis and simple structure was used for factor rotation 

(Fruchter, l, *'4: 201; Thurstone, 1947: 309, 369). 

5) Selection of variables
 

The nature of the variables accounts significantly 

for the erner,;ence of unique factors. In the case of 

this study, the selection of the variables was obvi

ously limited as the information was from a secondary 
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- :complete,.... ': : ,,data:source. Perhaps, had theata been more'... 

' /i,, t:he "a,. a factor analysis of the/ 1969 : dat would ha:':'> 

: proviLded more .nformation, eg., variables incommuni-: 

cation behavior', and this might have influenced the 

factor coni,ent. One other danger was the inclusion of 

vari..blcs which were not independent, e.g., farm size 

anrl landowneriship. Each included a significant amount 

o[r the o1IAr with a possible creation of auto correla

4) Tnterpxretation of factors 

The factor analysis yielded three factors. An 

offort was made to interpret the characteristics and 

imlications of these clusters and the kind of individ

ual differences they produce. The factor analysis has 

iovcaled some aspects c.' the underlying order of adop

tii. behavior. The factors underscored the importance. 

;oI , !(ction of farm practices of (a) favorable atti

tude and motivation toward change; (b) availability! of 

, .1a .... capital, land and labor; and (c) com

mercialivzatio.. of farm output. 

In this i'espect, -the factor study was successful, 

as Thua'stone 41947: 179-180) suggested, to the extent
 

athat .icaningful factors were identified Lhy proper 

choice of' ,referenceaxes even if the factors identified
 



would account only for a part of the variance of the
 

i g :some consider-?'l
 

able parts still to be i,.4entified. In other words,
 

moe r'esearch is required before generalizations can
 

safely be adc. The nature and extent of the factors
 

could be studied as a next step by factor and nonfactor
 

method: to detorimine how they vary under different con

:a~n %wij..,hdifferent popuilations.
 

. . . . . } .i,
 

(I,

' . / t . ; ' :.+77 - ,t ' ; -' : - . -'t . .: t -1 ? ' 7.{ ' Z .i " f" 7 ' : -7' ; ' ; : { ,' :i . 
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F'ACTOR CORRELATION !MAT=I 
THE OBLIQUE FACTORS 

FOR 

Factor 1 

Factor 11 

Factor 111 

Factor I 

1.00000 

-0-16572 

0.20311 

Factor 11 

1.0000 

:-0.03481 

Factor 11J. 

1.00000 

* . . A PENDX T .. .. 
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ENDIX.D. ... 

T.R.AMFOo d-L T.ION MATRIX FORI 
THE ORTHOGONAL FACTORS 

Factor I Factor Ii ?actor .111 

Factor 0.96793 -0.13228 0.21359 

Y',actor 11 0.17450 0.96.O -0,19276 

Factor I]T -0.18074 0.22585 0.95772
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APPENDIX F___ 

FAM-1! PRACTICES USED FOR CALCULATING 
ADOPTION SCORES--1965 

Adoption Score based on Percent of Practices
 

adopted: 

'luniiber of Practices Adopted xl0
 
Number of Practices Applicable 

i:or Crop Farms 

1. Use of improver seeds 

2. Use of fertilizer
 

5. Application of insecticides and funicides 

Fo.r__H92L Fjarms 

2. Raising of improved breeds 

2. lJse of balanced ration
 

3. Vaccination of hopgs
 

4:. Treatment of hogs for worms
 

Fnr Livestock Farms 

1. Rai.ing of improved breeds 

2. Use of vaocination
 

5. Tre.:ument for ticks 

'. Use of improved pasture
 



For General Farms
 

1. Raising of improved breeds
-	 . 

,..-2. sc of vaccination 


3. 	 Treatment for ticks 

SUse of improved seeds 

5. Use of fertilizer for crops 

(. Application of insecticides and fungicides to 

crops
 

. Use of improved pasture
 

_ / 	 .:

.	 - 4, > .' 

< I . 



J'.L'TE11 USED TO MEASURE ATT ITUDW.;:
 
TOWARD CREDTT USE
 

Scale (0 to 12) constructed with the method of' 

suvqted ratings: 

i L]oan 0iltuation 

(4 never had a loan 

1 :has loans in preceding year but not in '65 

has 1 to 4 loans in effect in 1 5 

5: has 5 to 8 or more loans in effect in 1965 

2. Number of purchases on credit 

0 =none
 

]. = 1 

2 2 

' Geureally, the rural entrepreneur can increase nis 

income by usinF aredit
 

0 disagree
 

I =no answer or undocided
 

2 - ree
 



07 

14. 	 . consider my,;el' to take more risks than the 

avcra!r'e 	 owner-oporato r
 

0 = disagree
 

1 = no answer or undecided
 

2 -	 ai-rec 

5. 	 TIt is better for a farmer to have the least number 

of loans .ossible 

1 no answer or undecided
 

2 = d.sar-ree
 

6. it is more convenient for the rural entrepreneur to 

borrow now than before 

0( has no opinion 

1. 	has opinion
 



UAP2PEN'DIX H 

PRIODUCTION EF1FIC1'ENCY INDEXh,-S BA:3 ED ON
 
FARI- TYPES-- 1965
 

Crp Farms
 

Crops used in each municipio: 

LIacaIo Carazilho Concordia Timbo 

Corn-1 Corn Corn Co0rn 

S oybean Wheat Wheat Rice 

Production last year per ha. for each croD
 
Normal production of the crop per ha.
 

Production this year Der ha. for each crop 
Normal Produc-tion of the crop per ha-

_ 

0 if < 100% 

1 if > 1007a
 

Scale: 0 to 4 converted to percentage
 

Hog Fams 

1. Number of pigs weaned per year per sow
 

0 if < 1*
 

1 if 11i
 

*Figures for criteria are based on means from the
 

sample of hog farms.
 

98 
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2. Age in months when fattened hogs are sold 

1> 0 . 
. . . 0 if > . 

. Average weight of hogs in Kms when sold 

0 if > 9 2* 

I if _ 97 

C to 3 converted to percentage 

hivestock Fdarmis 

d. Age in years when heifers are first'bred 

0 jf > 5.0** 

Il 1.if < 3.0 

2. Age in months when calves are weaned
 

F0 ijf > 5
 

1 I ijf 3*_ 

. Availa:ii1 ity of improved pasture on the f'arm 

0 No( if 

I i if Yes 

I2cal: 0 to 5 converted to percentage 

yifppules "or criteria are based on means from the 
sample of hobi farms. 

.P*icre,-based on means from the sampie o. live 

stock arms. 

% :::,i, -iK> 
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General Farms
 

1. 	 Ag in -,years when heifers are firstbred__. 

0 if >5 

1.if < 3 

2. 	 A e in mrbnths when calves are weaned 

0o if> > 
1.if'<_

3. Avai2ability of improved pasture on thc falT'm 

0 if No
 

1 if Yes
 

Production l.astear per ha.
 
Normal Production per ha.
 

SProduction this Zear per ha.
 

Noimal Production per ha. 
 -" 

Cor two crops in each mun io 

Scale: 0 to 7 converted to percentage 

A' 

4' 

'.4 ,, * 
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