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FORWARD

This report has much to commend it to th. reader interested in computer
simulation of the diffusion of innovations. It is a step forward in a
progression of researches on diffusion simuiation in that it avoids one of
the main shortcomings of thesc past works: Data were gathered explicitly
for the purpose of diffusion simulation from a sample of dairy farmers in
Minas Gerais, Brazil, Further, this analysis is relational to the extent
that the model pays attention to the dyadic network of interactic..s Tnvolved
In the diffusion of innovations. Therc has been increasing dissatisfaction
with much past communication research in which individuals were thc'units
of analysis, as the nature of communication entalls a relationship, an
interchange. The present study incorporates dyadic data at one point in
the analysis.

Also, past diffusion simulation studies have oftch lacked an adequate
method of comparing simulation with reality data, so as to assess the results
of the simulation procedures. Tom Carroll pioneers in comparing his simulation
results not only with the more usual reality data on the adopter distribution
of an innovation, but also with the results of linear regression analysis
(which is the most common multivariate type of Jata-analysis utilized by
diffusion researchers) .

So for these reasons, and others, the:present report constitutes a
contribution to our understanding of computer simulation of diffusion, It
also Illustrates sobering proof'that the simulatlion approach to diffusion
(and to other research problems) requires great effort, ability, and resources.

It is by no means a simple or casy approach.



But new routes are suggested toward the goal of diffusion researches:
The understanding of how new ideas spread and are adopted, the nature of
human communication and change. Dr. Carroll himself will be among those

researchers who will follow the research maps he describes here.

Everett M. Rogers
Professor of Communication, and
Director, Diffusion Project
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CHAPTER |
INTRODUCT I ON

The purpose of the research described in this study has been to
design a general computer simulation model of the process of the diffusion
of Innovations and then to apply the model to a particular real-world
diffusion system. The impetus for this research grew out of the
author's interest in the substantive problem of transferring technology
to the developing countries as one aspect of the total modernization
process as well as out of his interest in the application of systems
analysi- and computer simulation to developing formal models of social
processes. Clearly, the process by which new ideas and techniques
diffuse among members of a social system is central to the overall
modernization process of developing countries, particularly in the
agricultural sectors. |In many cases populations are increasing at a
faster r;te than is the food supply. For the past several decades
diffusion researchers have been studying the process by which ideas and
practices diffuse among members of a social system. The motivation
behind these efforts has been to formulate better, more rigorous
theoretical models which will explain and predict the pattern of real-
world diffusion processes. As the models become more refined, they
may be used by policy planners and social engineers 'n order to test
alternative stiategies for Increasing the rate of diffusion of improved

practices, particularlyvin the ficld of agriculture. For example, a



decision-maker in a federal department of agriculiure must decide how

to allocaféfthc department's budget. Should he invest more heavily in
the mass média as a vehicle for disseminating information about improved
agriculfural practices or should he invest in training more extension
workers? What would be the overall effect of establishing a program of
workshops to teach improved agricultural methods to local opinion
leaders? Should part of the budget be used for subsidies and credit

to help farmers purchase improved seeds, fertilizers, silos, and other
agricultural inputs?

This diffusion process can be defined as the communication

of an innovation through certain channels among members of a social

system over time (Rogers, 1962). More specifically the diffusion process

involves ''The acceptance, over time, of some specific item -~ an idea
or practice -- by individuals, groups or other adopting units, linked

to specific channels of communication, to a social structure, and

to a given system of values, or culture" (Katz__g__l., 19€3).

SINDI 2 is a computer-based model which simulates the diffusion
of an innovation through a social system. (SINDI indicates Simulation
of 1ﬂpoQ;tion Euffusion.) In the simulation model information and
influence flow to potential adopters in the community via the print
media (magazines and newspapers), the electronic media (radio and
television programs), and word-of-mouth communication with adopters
encountered individually and at meetings of community organizations.
No provision is made in SINDI 2 for modeling the influence of extension
agents or commercial salesmen. The model assumes that each simulated

individual manifests a resistance to adopting an Innovation which is a

function of the individual's demographic and attitudinal characteristics,



the economic characteristics of his enterprise, ané the characteristics
of the innovation. Each potential adopter is influenced proportionally
to his exposure to communications from the various sources. Vhen the
cumulative influence on an individual from the various sources exceeds
his resistance, he becomes an adopter and thus a source of influence for
the remaining potential adopters.

Models of this process may be classified along several dimensions:
deterministic versus stochastic, continuous versus discrete, and
mathematical versus logical. SINDI 2 is somewhat of a hybrid which
incorporates aspects of all of these various types. It is a discrete
model in that individuals in the social system are treated as unique
entities, each with his own set of attritutes. Also, certain discrete
events may occur during the processing of the model: individuals may
migrate into the community and they may adopt the innovation. On the
other hand, what would be unique events of information and influence
transfer in the real-world are not treated as unique events by the
model, but instead the cumulative influence on an individual resulting
from a whole series of such events is treated as a continuous variable
which increases monotonically over time. Even though SINDI 2 requires
as input data individual probabilities of mass media exposure and of
interpersonal interaction as would a stochastic model, it is processed
as a deterministic, expected-value model. Furthermore, SINDI 2 has
many of the characteristics of a mathematical model because most of the
important relationships concerned with the influence processes are
expressed as mathematical equations (though implemented as a computer
program). However, the behavior of the model, as mentioned above, also

depends on the occurrence of certain discrete events; thus, SINDI 2



incorporates logical expressions of the form: lf.event A occurs, then
event B will occur. Finally, SINDI é is a computer simulation model
because it is a functioning, dynamic model which is processed on a
computer so that the changes in the state of the model (and its real-
world analoguc) may be shown as it moves through time. .

SINDI 2 incorporates several important features not often found in
other diffusion models. First, since SINDI 2 is processed as a
deterministic model, it requires only one run with a given set of
parameters to produce an expected-value cumulative adoption curve.
Most other diffusion simulation models are stochastic models which
require a series of simulation runs with the same set of parameters
in order to find the central tendency of the simulated cumulative
adoption curve. Seccond, SIND! 2 simulates the flow of information
and influence over the mass media, an aspect of the overall diffusion
process not taken into account by many diffusion models, particularly
spatial diffusion models. SIND! 2 incorporates an improved technique
over its immediate predecessor, SINDI 1,for simulating the effect of
the mass media. In SINDI 2 an individual is influenced by a
particuiér mass medium channel proportionally to his probability of
exposure to that channel and to the quantity of innovation information
carried by that channel. Third, SINDI 2 makes provision for mapping
the communication network in order to simulate the flow of inter-
personal influence through the social structure. This network is
expressed in terms of a series of sociometric dyads characterized by a
frequency of Interaction and the credibility of the person named in the

eyes of the namer. Fourth, SINDI 2 keeps account of the relative

contribution of the various channels to the overall diffusion process.
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Fifth, an important aspect of this study is that %icld research was
conducted for the primary purpose of gathering data which could be used
to dcsign the model and provide data inputs to it. In the case of other
models the data lnpﬁts have been provided by secondary analysis of
empirical data which had not been gathered for purposes of simulation.
Sixth, in the application of SINDI 2 to a real-world diffusion system,
a method of multiple-partial correlation was utilized in order to
predict for each individual his resistance to adopting innovation X.
Several diffusion researchérs who have included the concept of a
resistance factor in their simulation models have not been very
explicit about the methods to be used in assigning values to these
individual resistance factors other than saying that in the aggregate,
the resistance should approximate the normal distribution. Seventh,
since it is the author's feeling that much social science thecory of the
future will be stated in a language compatible to the computer,

SINDI 2 was formulated as a well-annotated FORTRAN program in which

the main theoretical relationships were di;tilled into the main

program of the simulation model The input/output functions of the
computer‘program, the statistical analysis of the results, miscellaneous
housekeeping tasks were relegated to supporting subroutines. The
FORTRAN program was written in USA Standard FORTRAN to facilitate its
use and modification by other researchers. Finally, the operation of
SINDI 2 is such that the various empirical constants in the model cre
evaluated by fitting the model to empirical data much in the same way
that the coefficients of a linear regression equation are calculated by
the criterion of the least squares fit. In the case of SINDI 2, the

simulated curve is fitted to the rcal-world cumulative adoption curve
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so as both to produce the best fit according to tﬁe Kolmogorov-Smirnov
two-sample test for goodness-of-fit and to produce the highest correla-
tion petween the individual simulated adoption times and the empirical
adoption times. Many ocher diffusion mocels have not explicitly taken
into account the fact that most scientific models Incorporate empirical
parameters which must be evaluated by fitting the model to real-world
data.

SINDI 2 was applied to the diffusion of two dairy innovations
among 88 dairy farmers in a rural community in Brazil. At the macro
level, the empirical parameters were adjusted so the simulated cumulative
adoption curve achieved the best possible fit with the empirical
cumulative adoption curve. The fit was reasonably good according to the
standards of the Kolmogorov-Smirnov two-sample test,

SINDI 2 performed about as well in predicting individual adoption
times as the linear regression model of innovation diffusion. The
general linear regression model with Six attitudinal and economic
variables and four communication variables explained about 48 percent
of the variance in empirical adoption times. In the case of silo
diffusion; SINDI 2 explained approximately 48 percent of the variance
in the empirical adoption times. One would have hoped that SINDI 2
would have performed better than the general linear regression model,
because SINDI 2 modeled the flow of influence through the interpersonal
communication network, an aspect of the overall diffusion process not
modeled by the linear regression model.

When SINDI 2 was applied to the diffusion of forage grass plots
using the same empirical tuning paremeters as were found for the case of

silo diffusion, the simulated output explained 26 percent of the variance



in the empirical data. The linear recgression modéJ with seven independent
variables accounted for 21 percent of the variance. in the case of
forage grass plot diffusion the absolute predictive ability of SINDI 2
declined as comparcd to the predictive ability of SINDI 2 in the casec
of silo diffusion. However, part of the decline probably resulted
from the poorer quality of the empirical data on the diffusion of
forage grass plots. Even though the predictive ability of SINDI 2
declined in the case of forage grass plot diffusion, nevertheless,
SINDI 2 performed somewhat better than the linear regression model in
predicting the individual adoption times of forage grass plots,

Now we shall turn to a detailed discussion of various formal
models of the diffusion process which have been formulated by diffusion

researchers.

A Review of Diffusicon Models

To explain the important factors which influence the course of
social diffusion processes, diffusion researchers have developed many
different types of models. These include verbal and descriptive
models, linear regression and other statistical models, gaming models,
mathematical models, and computer simulation models,l It should be
emphasized for the discussion which follows that the distinction among
mathematical models, computer simulation models, and even statistical
models, is a matter of degree. Some specific models contain elements

of all three types.

lThe Diffusion Documents Center of the Department of Communication
at Michigan State University contains over 1300 empirical and theoretical
studies from 20 different disciplines (Kogers, 1967, 1968). Most of
these studies either present verbal models or summarize findings based
on the statistical analyses of empirical data.



Verbal models

In a verbal model, the researcher's primary objective Is to abstract
and describe qualitatively the important entities, variables, relationships,
and interactions in some social process. Anthropologists have had a
long-standing interest in the process of cultural diffusion and thus
have been among the early contributors to developing verbal models of
the diffusion process. Linton (1936, pp. 324-46) discussed some
generalizations about the diffusion process which emerged from the
field research of the early anthropqlogists. It is interesting to note
that his generalization, "other things being equal, elements of
culture will be taken up first by societies which are close to their
points of origin and later by societies which are more remote or which
have less dircct contacts" (p. 328), is equivalent to Hegerstrand's
assumption (1953) that geographical distance between adopting units
is a major determinant in any spatial diffusion process. Barnett (1953)
developed in great detail a verbal model of the psychological process
of innovation and the subsequent diffusion of the innovation through
a socia{ system. La Piere (1965) adopted Barnctt's model as the basis
for a gen;ral model of social change.

Lionberger (1960), Katz (1963), Rogers (1962), and Rogers with
Shoemaker (forthcoming) developed general verbal models which were based
on the findings reported by diffusion researchers, particularly
sociologists, rural sociologists and communication researchers. Many
of these findings were derived from statistical analyses of

empirical data on various diffusion processes.



Statistical models

Diffusion researchers have used various statistical models to analyze
empirical ‘diffusion data. At the simplest level of univeriate anclysis,
researchers have approximated, by the normal curve, the empirical
frequency distributions of times at which individuals or other adopting
units adopt innovations. The parameters of the normal curve are then usecd
to classify individuals according to their innovativenecss -- ''the degree
to which an individual is relatively earlier in adopting new ideas than
other members of his social systen' (Rogers, 1962, pp. 19, 160-64).

Diffusion researchers have used bivariate correlation and partiel
correlation techniques to arrive at many of the generalizations which
were summarized in Rogers (1962, pp. 311-15).

Multivariate techniques such as multiple correlation have becn used to
identify the correlates of innovativeness, or, in other words, to determine
which factors cause some individuals to adopt earlier than other individuals.
There are several disadvantages with the multiple correlation approach,
however. First, the end result of the anaiysis is simply a listing of the
significant variables along with their weightings relative to their
importanée. Multiple correlation analysis does not tell how the variables
are linked together or at what stage or in what way they contribute to the
diffusion process. Second, the linear regression model is not supposed to
be an analogue to the real-world diffusion process but rather a statistical
model of how the variance in a dependent variable can be partitioned among
the variances of independent variables. Recently, however, Salcedo
(1968) and Mason and Halter (1968) applied critical path analysis
and two-stage least squares techniques respectively to determine the

causal linkages between independent varlables and their effect on
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innovation adoption. Nevertheless these models do not lend themselves

to the ahalysis of a diffusion system's response, particularly in the
case where certain controllable inputs such as the quantity of innovation
messages carried by the mass media or the efforts of an extension agent

may change during the course of the diffusion process.

Gaming models

In gaming models human participants play the roles of the key
actors in some real-world social process. The game designer from his
understanding of the social process devises the "rules of the game'.
The rules may specify who talks to whom, when communication with other
players may take place and the appropriate actions which may be taken.
Gaming has been used in some fields as a research tool for studying
the evolution of social processes toward & new set cf relationships znd
outcomes which are not immediately obvious to a casual observer.
However, the gaming of social diffusion processes has been used
mainly as a training device for students who may later be assuming
similar roles in the real world or who seek a greater appreciation and
understanding of the social processes they are studying. For example,
the Department of Communication at Michigan State University has
developed a game called '"'CHANGE AGENT' in which a player assumes the
role of an extension worker who is trying to introduce a new practice
into a rural community of a developing country. Another game called
YADOPTER" might. be developed in which the players assume the roles of

potential adopters of some innovation.
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Mathematical models

In mathcmatical models, the variables are 1inked by a series of
formal equations, where the form of the equation (linear, non-linear,
differential, etc.) specifies the manner in which the variables are
combined. Each equation contains a series of parameters, onec for each
variable in the equation.. Parameters precisely define the degree of
the variable's relationship to certain other variables in the equation.
To develop a mathematical model of some system is to presuppose a
detailed and sophisticated knowledge of the process being modeled. It
also presupposes achieving a high level of measurcment =-- sound
interval-level measurement, if not ratio-level mcasurement.

The ablility to express the process in terms of mathematical
equations brings to bear the inherent power and logic of mathematics
itself which extends the investigator's ability to gain further
insight into the processes under study. Once the researcher has
formulated a model, he usually is interested in exploring its behavior
by solving the relationships in his model for the dependent variables
which ipterest him but which are embedded in the model's structure.

The invéstigator "'solves' his model by "untangling' and 'breaking out"
the dependent variables in the model's equations so that he can observe
their 'behavior.' ‘here possible, an investigator usually will try

to apply analytic techniques which allow the dependent variable(s)

to be expressed as explicit functions of the parameters and independent
variables. Examp'es of analytic techniques include the use of matrix
algebra, the method of simultaneous equation differential and integral
calculus, and the use of geometric, Fourier and Laplace transforms to

analyze linear, dynamic systems.
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However, In many cases, a closgd-form, analytic solution is not
possiblc and other methods of analyzing the behavior of the model must
be utilized. One such technique often applied to dynamic models is
-simulation. Simulation as a technique for analyzing model behavior
will be discussed in the next section.

Griliches (1957) fitted the logistic curve to data on the cumulative
percentage of total corn acreage planted with hybrid seed in each of
thirty-one states in the United States. Griliches was less concerned
with the underlying theoretical model of the real-world diffusion process
and more interested in finding a suitable mathematical expression having
parameters which summarized the essential features of the aggregate
diffusion process. He chose the logistic over the cumulative normal
because the logistic was ''simpler to fit and in our context easier to
interpret, ' He noted: ''In this work the growth curves serve
as a sunmary device, perhaps somewhat more sophisticated than a simple
average, but which should be treated in the same manner."

His analysis was based on three summary parameters derived from the
logistic curve he used:

The lag in the development of adaptable hybrids for particular

areas and the lag in the entry of seed producers into these areas

(differences in origins [measured as the date when the S-curve

passed through the 10 pcrcent value]) are explained on the basis of

varying profitability of entry, "profitability' being a function

of market density, and innovation and marketing cost. Differences

in the long-run cquilibrium use of hybrid corn (ceilings) and in

the rates of approach to that equilibrium (slogegj are explained,
at least in part, by differences in the profitability of the shift
from open pollinated to hybrid varieties in different parts of

the country,

He concluded that the characteristics of the diffusion process can be

explained in large part by economic variables. Griliches admitted that
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his analysis did not purport to present a complete model of the process

of technological change. For example, he was not Interested in explaining
such microdynamics of the diffusion process as the flow of information
and inflience among individual adopting units within a given area.

Also, because of the unavailability of data, the analysis did not take
into account the effect on the rate of acceptance from the advertising
activities of the extensi;n agenéies and private seed companies.

Coleman, Katz and Menzel (1966), unlike Griliches, were interested
in the microdynamics of the diffusion process. They fitted data on the
diffusion of the acceptance of & new drug among physicians to different
mathematical models. A major concern in their research was how the
network of personal relationships among the physicians affected the
process of the diffusion of a new drug. Sociometric data were obtained
on the advice and information network, the discussion network, and the
friendship network. Apalyzing the diffusion data in conjunction with
the data on these interpersonal networks, the authors found that there
were two distinct processes at work.

Diffusion among doctors integrated into the social structure
(defined &s doctors receiving two or more sociometric choices) occurred
as a snowball or contagion process which started out slovly, spread
rapidly among integrated doctors, and then tapered off sharply as most
of the doctors became adopters. Thus, this process Is characterized by
the commonly observed S-curve of adoption. Coleman (1964) demonstrated
that this process can be represented mathematically by the following

differential equation:

dx
Tt kx{M ~ x)
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where x = number of people who have adopted at any point in time,

t = time,

k = diffusion constant of proportionality, and

N = population size.
This mathematical model, which might be referred to as the "social inter-
action model," simply says that the rate of adoption (number of people
adopting per uni. of time) is proportional to the number (x) who have
already adopted the innovation and to the number (N - x) who have yet
to adopt. Integration of the above curve results in the logistic
growth curve, the same curve used by Griliches in his analysis.

Coleman, Katz and Menze! found another type of process operating
among doctors who, relatively isolated from other doctors in their
communities, recieved few or no sociometric cholces. The cumulative
adoption curve for the individual procnss, as It was called, rose most
steeply at the beginning and then qradually tapzred off. 7The mathemotical
model underlying the individual process is expressed in the form of a

differential equation as:

dx
dt

= k(N - x)
This model, which might be referred to as the ''constant source model,"
“says In e;fect that the rate of adoption is proportional only to the
number (N - x) remaining In the population who have yet to adopt. The
basic assumption of the model is that the population is exposed to a
constant source of influence such as detailmen or mass media.
Integration of this differential equation yields a logarithmic curve
which rises as a damped exponential to the asymptote N.

Since the logistic curve fitted reasonably well the adoption data

for the integrated doctors and the constant source curve fitted

reasonably well the data of the more isolated, Coleman (1964, p. 4h)



concluded:
he integrated doctors were in @ social position to learn about the
drug and be persuaded to use i. quickly, while the isolated doctors,
out of contact with their fellows, had to depend upon the advertising
and drug salesmen to be persuaded to use the drug.

Several points may be made about the use of these two mathematical
models in these cases. First, it is unlikely that either case is purely
a snowball process or an individual process. Undoubtedly, some of the
integrated doctors, particularly the earlier adopters, were influenced
to begin to prescribe the drug by information in the mass media and
by drug detailmen, It is also likely that some of the isolated doctors
were influenced by other doctors. Many of these activities may have
taken place early in the process; Coleman did not include the first 15
percent of the adopters in the curve fitting. Second, even though
Cole&an was using mathematical models to learn something about the
underlying social process behind the observed data, in neither casc
does the model assume any differentiation in the attributes of the
individual adopting units. Essentially then these mathematical models
are used to explain aggregate behavior, not individual behavior. In
fact, Coleman, Katz and Menzel (1966, p. 103) rejected the theory
that normally distributed degrees of individual receptivity play a
role in the diffusion process. Third, both models have an empirical
constant which must be evaluated by fitting the model to the real-
world data. This is a fact of life not uncommon to most all scientific
models of real-world phenomena but sometimes overlooked by social
scientists who havz developed simulation models.

Dodd and Prirce (1967) also discussed the uses of three basic

mathematica' models in diffusion research: the normal curve, the
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waning exponential curve (equivalent to the constsnt scurce model

above), and the logistic curve (also noted above). However, thelr
discussion of the rationale behind the normal curve did not mention

the notion of normally distributed degrees of receptivity to an innovation.
Their “well-controlled" laboratory experiment of message diffusion among
78 people who were instructed to Interact 'at will" was too well-
controlled to be a meaningful example of a social diffusion process.

“At will" was probably interpreted by the subjects to mean randomly.

The experiment could equally as vell have been performed by automatons

or simulated on a computer using a random number generator.

Most of the simpler mathematical models lack wmany of the structural
biases that are present in any real-world system. For example, the
log® tic growth model makes the assumption that interaction between
individuals in a system is completely random. This assumption
violates research findings which show that friendships form between
people of similar background and interests. As a result, efforts have
been made to formulate more complicated models that reflect some of
the structural and processual biases of most social systems.

Coléman (1964) developed deterministic models for two types of
"incomplete social structures." The first mode! approximated a social
structure of very tight-knit cliques within which there was complete
communication between clique members (in his example, only two) but
between which there was no communication. When one member of the
clique adopted the trait, then the probability that the other member
would become an adopter increased. All individuals were exposed to
communication from a constant source. Coleman applied this model to the

case of diffusion of a drug among doctors who share offices with a
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partner. Coleman extended this mode! somewhat bf incorporating a third
transition rate which was proportional to the total number of adopters in
the system. This extension of the model, in effect, incorrorated a clique
bias into a combined constant source and social communication model. The
model was expressed as a pair of nonlinear differential equations which
could not be solved analytically. Coleman performed & paremctric analysis
on the equations using a digital computer; or, in other words, he

performed a series of "simulation experiments' in order to perform a
"sensitivity check'" on the various parameters in the differential equations.

In his second model, Coleman assumed a social system composed of
partially interpenetrating groups or cliques. The members of these
groups associated among themselves more within the groups than between
the groups. This model was also expressed as two differential equations
which could not be solved analytically. Coleman qualitatively explorcd
the effects of variations in the degree of interpenetration between the
two groups and the variations in ratio of group sizes on the '""trajectory"
of the diffusion process. The trajectory }s the curve which gives the
cumulative number of adopters in one group as a function of the
cumulati;e number of adopters in the other group rather than as a
function of time. Even though Coleman's models were baced on the
assumption of probabilistic interactions between members in a social
system, the models themselves were deterministic.

Bartholomew (1967) preferred to develop stochastic models of the
diffusion process even though he recognized that many of his stochastic
models could not be solved analytically. Whether or not a person hears
the information about a new item depends on first the probability of his

coming Into contact with the source or a sprcader, and second the probability
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of the information being transmitted when contact.is established.
Thus, Barfholomcw concluded that such processes could only be
described stochastically. He utilized a deterministic, "approximate'
analysis only when he could not make headway with an analysis of the
stochastically formulated models.

Bartholomew formulated a stochastic model of a diffusion process
in which people learn the information through exposure to a constant
source and through interaction. This was the stochastic version of
combined constant source and social interaction models discussed by
Coleman. Bartholomew pointed out that the solution to the deterministic
model was not equal to the solution to the stochastic model but instead
lagged the stochastic solution by an amount of time which depended on
the total number in the population and the ratio between the constant
source parameter and the social interaction parameter.

Bartholomew also described and extended the work of Bailey (1957),
Rapaport (1958 with citations to earlier work), and Daley and Kendall
(1955) on stochastic models.

Bailey (1957) developed a general epidemic model which extended
the simp{e diffusion model. The simple diffusion model assumes random
interaction of ''susceptibles' with "infectives'" (or '"have-nots'' with
"haves'' or '"'nonknowers'' with '"knowers' or ''ignorants' with '"spreaders'
depending on the process being modeled). In his general epidemic model
Bailey added a third type of individual, the '"removal," (or 'passive
knower") who has acquired the trait but subsequently ceases spreading it.
In other words, the assumption was made that infectives are only active
for a random period of time after which they become passive. |t was

also assumed that an infective's cessation of activity Is independent
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of the degree to which the trait has already diffﬁsed throughout the
population.

Rapaport (1958 with citations to earlier work) developed & series
of biased net models which were extensions of the simple randem net
model. The simple random net model assumes a cspatial distribution of
nodes which become interconnected with the passage of time. When a
node becomes connected to the system, it can issuc one or more edges
to other nodes in the time period immediately following and only in
that time period. (In Bailey's terminology, all infectives become
removals after only one time pcriod.}) In a random net model the target
nodes are hit by issued edges with equal probability. In a biased net
the assumption of equal probability of being hit by an issued edge is
dropped in favor of a specified probability for cach pair of nodes.
The probability depends on the structure of the system,

Rapaport has developed the following biased net models:

Distance bias model: The probability that two nodes become

connected is a function of the qgecographical or social distance
between the two nodes.

Island bias model: The nodes are clustered into non-overlapping
subsets within which the connection probabilities are random
but between which the connection probabilities are non-random.

Overlapping acquaintance circle model: This mode) is similar to
the island-model above except that overlapping subgroups are

allowed.

Reflexive or reciprocity bias model: The probability that
¢ a will occur depends on the existence of a=~ ¢ or

a-=»- b~ ¢,

Forced field bias model: Connection to certain nodes is more
probable because of the attributes associated with these nodes,
as for example, high status.

The solutions to biased net models are usually expressed as

recursion equations in which the probability of a particular node (xo)
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being connected to the network in time period (t ; 1) is a function
of the probability of not belng connected in any of the previous time
periods and a function éf the various hiases incorporated into the nodel.
A summary of the mathematical formulation, solution, and empirical testing
of Rapaporl's geographical distance bias model may be found in Brown
(1965, pp. 34-37).

Bartholomew (1967) discussed the stochastic mode! formulated
by Daley and Kendall(1965) in which the cessation of spreading by
spreaders depends on the extent of diffusion which has already taken
place within the system. !If a sprcader meets an ignorant, the news
is transmitted and the ignorant becomes a spreader. |If a spreader
meets somzone who has previously been informed he ceases to spread
the news. Those who have heard bul are no longer spreading are called
'stiflers' because, on contact with a spreader, they cause him to
cecase spreading.'' [n a more complicated version of this simple model
a spreader becomes a stifler after k unsuccessful attempts at telling
the news. The quantity k either is fixed or is a random variable.

None of the stochastic models discussed thus far takes into
account ; potential adopter's resistance to accepting the new idea.
Thus these models are better applied to the diffusion of information such
as rumors, news, and public warnings rather than to the diffusion of
innovations where the potential adopter makes a conscious decision to
adopt the innovation after first hearing about it.

Brown (1966) extended Rapaport's geographic distance biased net
model by iIncluding a probaility that a potential adopter will resist
adopting an innovation after first hearing about it in a given time

period. Brown also Included several market factors in his biased net



21

-

model such as the distribution policy of the propégators of the innovation
and the behavior of potential adopters with respect to shopping in a
particular market. He applied his mode! to the diffusion of television
sets In an area of southern Sweden. It was found that the model provided
a plausible explanation of the real-world process. Brown alsc drew
attention to the notion of controllable inputs to the diffusion system,
In this particular case the inputs most amenable to manipulation were

the marketing strategies of the propagators of the innovation. The
distinction between controllable inputs and uncontrollable inputs is

one that is often emphasized by system analysts. An example of
uncontrollable inputs to a diffusion system would be word-of-mouth

communication across the boundaries of the diffusion system.

Computer simulation models

Social scientists sometimes use the term computer simulation model
to refer to a logical model which is expressed in the form of a series
of precise statements, operating rules or programmed instructions which
describe how a system operates as it moves through time. However,
""computer.simulation' actually refers to one particular method of
analysis which can be used to explore the behavior of a formal mode |
when the dependent variables of the mode! cannot be solved for by
ordinary mathematical techniques and thus cannot be expressed as
closed-form functions of the independent variables. Simulation is
used to observe the change in the dependent variables as the system
moves through simulated time. Thus simulation can be applied to a wide
variety of formal models -- mathematical or logical, discrete or

continuous, stochastic or deterministic, to mention some of the major
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dimensions along which they may be classified. Naylor et al. (1966,
p. 3) emphasized the concept of simulation as a technique of numerical
analysis:
Simulation is a numerical technique for conducting experiments on
a digital computer, which involves certain types of mathematical
and logical models that describe the behavior of a business or

economic system (or some component thereof) over extended periods
of real time.

Shubik (as quoted in Haylor et al., p. 2) offcred a similar definition:

A simulation of a system or an organism is the operation of a

model or simulator which is a representation of the system

or organism. The model is amenable to manipulations which could

be impossible, too expensive or impractical to perform on the

entity it portrays. The operation of the model can be studied
and, from it, propertics concerning the behavior of the actual
system or its subsystems can be inferred.

Both these definitions emphasize that simulation is one technique
for exploring the behavior of a model with the hope of then making
inferecnces about the real-world system. However, characterization of
model formulation and its solution as a two-stage process is not meant
to imply that the stages are independent of each other. In most cases
the investigator, while he formulates his model, will keep in mind the
method of analysis he intends to employ on the model and the type
of ''solution' he is seeking. Thus, it is not surprising that a social
scientist who formulates a logical model in the form of a computer
program {or an algorithm which can be transformed into a computer
program) and who expects to have his model processed on the computer
refers to his model as a '"computer simulation model."

Nevertheless, social scientists sometimes overlook the distinction
between the formulation of the model and its '"solution." For example,

it is sometimes assumed that the only way to analyze a model containing

probabilistic relationships is by a Monte Carlo simulation which
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utilizes a random number gencrator Lo process the probabilistic relation-
ships in the model. However, for cases in which there is a large number
of entities and events, the model sometimes can be solved deterministically

to yield an expecled-value solution. A fomiliar example of an expected-

value analysis of a probabilistic system is the use of mortality tables
to calculate lifc insurance premiums. In the same manner we shall see
that, although SINDI 2 requiics exposure probabilities as input data, the
model is processed deterministically to yield an expected-value cumulative
adoption curve.

The earliest research on the simulation of diffusion processes was
carricd out by Torsten Higerstrand (1953), a Swedish geogrepher. Being
a geographer, he was primarily interested in understaending and explaining
the spatial-temporal diffusion of innovations within & acoaraphical region,
His basic model was governed by a set of thecoretical statements (or rules)
about how the simulated process was to take place (Higerstrand, 1965):

1. At the outset there is one single adopter of some hypothetical
innovation,

2. The innovation is adopted as soon as it is heard of.

3. Information is spread exclusively through private tellings
at ‘pair-wise meetings.

k. The tellings take place at constant Intervals of time (called
generation intervals); then every adopter informs another individual
adopter or nonadopter.

5. The destination of every telling is given by the aid of random
numbers according to the probabilities of the mean information field.

The ''mean information field" is a probability matrix which expressed
the probability of communication betwecen any two individuals living In a
geographical region as a function of the distance between them. [t
should be noted that conditicnal probabilities were used in

Hagerstrand's mean Information field: given that A communicates with B,
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p is tﬁe probability that B will live in an area x miles from A. The
mean information field said nothing about how frequently A communicated
with someone else nor whether in a given communication he passed
information about innovation X. Hagerstrand and other geographers have
estimated the probabilities in the mean information field by utilizing
data.on telephone calls between villages, on migration, and even on
distances which people travelled to attend a community barbecue
(Bowden, 1965).

In an extension of his basic model Hagerstrand modified Rule 2
above to take into account the notion of psychological resistance to
adopting an innovation: "Adoption takes place after a specified number
of tellings (the threshold), different for different individuals."

In the application of this rule, Higerstrand assumcd that resistances
varying from one to five tellings were normally distributed in the
population and thus he arbitrarily assigned resistances to the simulated
individuals in order to reproduce the normal distributions. In his
original study (1953) he suggested that resistance should be related

to certain characteristics of the adopting units such as, in the case
of farmers, to farm size. However, he did not implement this procedure
for assigning resistances in any application of his simulation model to
real-world diffusion data.

Further extensions of his basic model deal with anisotropies In the
model plane. |In his basic model he had assumed that the simulated
adopting units were distributed uniformly across the model plane. He
extended the basic model by allowing the distribution of simulated
adopting units to reflect the recal-world distribution within a

geographic region. Another extension of the basic model made provision



for "barriemsto communication along certain cell-boundaries in order to
imitate the effect of the lakes and roadless forests that cut up the
real areca." .During the processing of the simulation model these
barriers in some cases blocked communications from taking place at all
between certain cells and in other cases diminished the frequency of
communication.

When the simulated results of various runs of his model werc com;ared
with the empirical patterns of spatial diffusion in certain areas of
Sweden it appeared that the models had predicted reasonably well spatial
diffusion of the selected innovations. Although Hégerstrand made 2
significant contribution to simulating spatial diffusion processes,
there were several problems with his work. First he lacked rigorovs
tests for goodness-of-fit between the simulated results and the real-
world diffusion pattern. Sccond, it has already been noted that he did
not implement a method for assigning resistances to the adopting units
in his simulated population. Third, there is no way in the model to

relate real-time to the mode! generation periods except ex post facto

comparison of the two time dimensions. In some cases there was a
nonlinear relation between the two time dimensions. Fourth, the models
had no provision for simulating the role of the mass media in the
diffusion process. And finally, the model did not take into account
that there are likely to be other factors beside geographical distance
which influence the communication probabilities.

Pitts (1963, 1965 and 1967) has programmed variations and extensions
of Hagerstrand's models in CDC FORTRAN for Control Data computers.
In addition to programming the stochastic models, Pitts also programmed

an expected-value, deterministic solution which he called the Omega
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pattern. This solution was equivalent to making ﬁ runs with a Monte
Carlo model where N is a large number (1000 or more). |f the results
of each.oné of these unique runs are averaged, then the results of this
average will be the expected pattern for a given set of data inputs.
Rather than making 1000 runs to achieve the Omega pattern, Pitts
developed the Omega Program which calculated the expected rumber of

new knowers in each gecgraphical cell at the end of cach simulated time

period. Thus the number of tellers in each cell for the next time
period is equal to the “whoje” number of knowers in that cell. In
other words, if a cell has an average of 3.57 knowers at the end of a
time period then there would be 3 tellers during the next time period,
Thus, the Omega Program produces an expected-value cumulative adoption
curve.

Tiedeman and Van Doren (1964) utilized a Hagerstrand-type model to
simulate the diffusion of hybrid seed corn in lowa. Their model
incorporated two mean information fields: one field represented the
spatial influence of Individual adopters wHile the second field
represented the spatial influence of seed stores.

Kar{sson (1958) discussed methods for Including in diffusion models
both the mass media and the effects of social structure on the
communication probabilities.

Rainio (1961) formulated a model which simulated the process by
which individual members of a small group choose between two opinions
or between two behavioral alternatives. Contacts with other group
members sometimes weaken and sometimes strengthen an Individual's
probability of behaving in a certain manner. Unlike most other models,

Rainio's model allowed for change in the probabilities of contact
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between members depending on previous simulation events. Rainio
assumed that both the changes in individual behavior probabilities and
the changes in the sociometric interaction probabilities obey the laws
of learning as postulated in the Bush-Mosteller "Two Operator" model.
Although Rainio did nbt consider his model to be a diffusion model,
nevertheless he did acknowledge the influence of Hagerstrand and
Karlsson on his owi work. In situatione where the two alternative
choices were to adopt or not to adopt an innovation, Rainio's model
could be classed as a diffusion model.

Deutschmann (1962) developed a Monte Carlo simulation mode!
(Model I1) of the diffusion of information in a small Latin American
community.2 Since the geographical area containing the population
was assumed to be relatively small, Deutschmann did not include distance
between individuals as a variable in thc model but instead emphasized
the effect of clique structure, opinion leaders, and individuals'
preferences fur information channels (local face-to-face, external
face-to-face, and mass media) on the diffusion process.

SINDI I is a computerized version of the original
Deutschmann mode! with modifications (Hanneman et al., 1969 and
Hanneman and Carroll, 1969). SINDI 1 is a stochastic (Monte Carlo)
model programmed in USA Standard FORTRAN (United States of America
Standards Institute, 1966). SINDI | incorporates the following
assumptions about diffusion within a peasant community:

1. The innovation enters the social system through external

2Deutschmann (1962) developed a simple simulation model (Model I)
of how attitudes of individuals in a polarized community change in
response to messages carried by the mass media and In encounters with
other people in the community.
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channels.

2. Individuals within a commurity can be divided into cliques
of highly interacting members, with local word-of-mouth messages
flowing more frequently within cliques than between cliques.

3. There is small group of individuals ("tellers') within
the community with a high probability of passing information to
others after they have received it; all others have a 1ow
probability of passing information.

The followino parometers are defined as input to SIWDE 1:
(1) the number of cliques, the number of members in each clique, and
the number of potential tellers in each clique; (2) the number of
contacts allowed to each external channel source per time period;
(3) the number of contacts allowed to a teller once he becomes a
knower; (4) the probability of a non-knower becoming a knower through
any external channel source; (5) the probability of a membcr of a clique
becoming a knower through contact with a teller from any clique.
Technically, SINDI 1 consists of a main program and five
subroutines. The main program handies the monitoring tasks for the
simulation: it acts as a "clock'' by executing the time-varying DO
loops and calling the other subroutines. The first subroutine reads
in the parameters and initializss arrays for the beginning of a run and
a time period. In the external message subroutine each external channel
randomly contacts a specified number of individuals. Associated with
each individual {(as an input parameter) is an Information transfer
probability based on his channel orientation (to either a specific
external source-channel or to local face-to-face contacts) and the
channel source of the message for a particular contact., A randomly

generated number between zero and one is compared with the information

transfer probability: if the former is less than or equal to the latter,
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the person will become a knower; if not, he remaihs a ncn-knower,
The teller contact subroutine functions like the external message scction
except‘thaf the information transfer probability depends on the
individual's clique membership and the clique membership of a contacting
teller. The output subroutinec prints out a summary of the informaiion
transfer events for the simulation. There is also a random number
generator which provides random integer subject numbers znd random
decimal numbers between zero and one based on the extension of
Lehmer's rule.

Runs were made with SINDI 1 using input parameters and probabilities
derived from a secondary analysis of data ccllected in a Colomhian

3

peasant village by Rogers.” There were Lwo external source-channels
carrying information about agricultural innovations (for this series
cf runs, 2,4D weed spray) into the peasant village: the extension
agent and the school teacher. The simulated population was created

by dividing the 56 peasants in the community into four interacting
cliques and one group of 11 isolates on thé basis of their answers to
the sociometric question: ''Have you spoken with another farmer in the

last two months about agriculture? With whom?”h Nine of these peasants

were considered as potential tellers, each of whem would begin telling

3For a discussion of Rogers' research concerning the impact of
communication on peasant villages in Colombia see Rogers (1969).

hEleven of the isolates were dropped from the original sample of
67 because they had had no contact with any of the other farmers,
the extension agent, nor the school teacher. Thz remaining 11 isolates
were included in the simulated population because they at least had
had some contact with either the extension agent or the school
teacher.
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structural biases were introduced through probabijity matrices for
information transfer given that a contact had been made. The assumption
of random contacts is a questionable representation of real-world
communication behavior. In fact, the empirical data ccllected
in this community show that contact with external sources is highly
nonrandom; some individuals have considerable contact with these
sources while many others have no contact. Third, the model only
simulated the diffusion of information not adoption. It made the
assumption that ''tellers" would start disseminating as soon as they
became knowers. However, it was unlikely that "tellers' would be
active disseminators until they had actually become adopters and were
convinced of the worth of the innovation themselves. Fourth, to divide
the population into tellers, each with the same degrec of influence,
and non-tellers might have been too severe a distortion in the
representation of the real-world '"opinion leadership." It is likely
that opinion leadership is a continuous variable which varies in
degree from those individuals who have widé influence throughout the
community down through those who may influence one or two close
friends éo those who have little or no Influence on anybody.

In the last of a series of three unpublished papers,
Deutschmann (1962) described the design of Model |11 which would
simulate the flow of both information and influence leading to the
adoption of an innovation by members of a community. Model Il was
built on the concepts incorporated in Model |, a simulation of attitude
change In a polarized community, and in Model Il, a simulation of
information diffusion in a small community. In Model Il it was

assumed that each individual has a ''general orientation to change,"
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which becomes the basis for the individual's Spec{fic attitude score
toward innovation X. An individual attitude was modified during the
course of the simulation to messages about X from external source-
channels and from members of the social system. The operating rules
for Model 11l specified that there is a ceiling effect for an attitude
score and that "an attitude not operated upon by a message for n

time periods will regress toward the neutral point."

Deutschmann assumed that the information carried by the external
source- hannels about innovation X is all favorable and that the
attitudes of individuals who receive the information become more favotrable
toward X; in other words, one unit is added to their attitude score
for cach message received. As in Model Il the externul source-channels
contact random individuals. Each individual's channcl orientation
determines the probability of receiving information about innovaticn X
during a contact with a particular source~channel. The only relation-
ship between attributes of individuals which Deutschmann Incorporated
in the model specified that external channel orientation was positively
related to gencral favorability to change. Instecad of assuming that the
populatioh was dichotomized into tellers and nontellers as was the
case in Model |1, Deutschmann allowed every contact hetween individuals
in the social system to have some influence on the attitudes toward
X of each individual in the contact pair. As in Model 11, the
individuals were randomly matched for each contact. Depending on
the combination of adopters, knowers, or non-knowers in the pair and
thelr respective clique attachments, elther influence transfer,
information transfer, or nothing would happen. In the case of influence

transfer between an adopter and a knower or betwecn two knowers,
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Uboth individuals will be affected in the direction indicated by the

sum of ottitude sceres.'

Deutschmann's mechanism for simulating adoption was to specify
that when an individual's attitude reached a predetermined level of
favorability he would become an adopter. At this time a positive
increment would be added to his attitude score so that it would be
less likely for an individual to oscillate back and forth across the
adoption threshold. Setting a disadoption threshold below the adoption
threshold also had the same effect.

Deutschmann's lodel 111 was never programmed for the computer
and thus never run with real-world data inputs. Conscquently there
were several ambiguities which were never clarified in the original
brief description of the model. For example, what velue was to be
chosen for the adoption threshold? Was this value to be the saw. for
all individuals? What would be the procedure for determining
the general orientation to change for each individual and how would
this variable be converted to a specific attitude toward innovation
X? An individual's initial attitude toward different innovations

is likel& to vary depending on the characteristics of the innovations.

Objectives for SINDI 2

We have reviewed various formal diffusion models including mathe-
matical models, logical "computer simulation' models, deterministic
models, and stochastic models. The models vary in the amount of
microanalytic detail which they include. The constant source mode)
and the logistic growth model are examples of deterministic,

mathematlcal models which model diffusion systems with the least degree
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of complexity. The solutions to these two model; are readily obtainable
and approximately represent the aggregate behavior of many real-world
diffusion—systems. However, as the mathematical models become more
complex in order to take into account the biases of & real-world
diffusion system they become more difficult to solve analytically.
Al a certain threshold of complexity the models become difficult
even to formulate mathematically. Coleman (1964, p. 495) noted that
"to mirror the full complexity of such structures would require
detailed measurement followed by a simulation with the structure
mapped onto the memory of a computer.'

The following pages describe SINDI 2, a deterministic, logical,
computer simulation model of the diffusion process in a social
system exposed to mass media messages. The purpose of the rescarch
reported below is to develop a reasonably detailed model of the
simvlation of an innovation. SINDI 2 was designed to incorporate the
better features of some of the models already discussed and to
utilize empirical data which were collectéd especially for the

purpose of providing inputs into a simulation model.



CHAPTER 1}
SINDI 2: SIMULATION OF IKKOVATION DIFFUSION

The purpose of this chapter is to describe SINDI 2, & computer-
based model which simulates the diffusion of an innovation through a
social system. The process of the diffusion of the use of silos
among the dalry formers liviry in a Braziliaon rural township was the
real-world process used for the developmant of SINDI 2. Althouun
SINDI 2 was designed to model this specific diffusion systeii, the model
itse1f is general. Once the model has been validatcd, it could be
used to simulate diffusion in cther systems with similar characteristics.
Testing the general model in other situations is a way of further

validating it.

Alternative Formulations

Preliminary thinking about the formulation of a diffusion simulation
model suggested three different approaches.. Each approach hinged on
how the model would simulate the innovation decision process -- the
decision-making process that each individual goes through from first
awareness about an innovation to final adoption or rejection (plus,
In many cases, post-decision reinforcement behavior).

The first of these approaches would have been to develop a

"ylack-box decision module" to simulate the process from first awareness

to final adoption or rejection. In this approach the model would have

36
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similated the diffusion of first awareness among {ndividuals through
their exposure to the mass media and other indlividuals of the social
system. However, the layg time from first awareness to final adoption
would have been incorporated into the model through an empirical technique
such as multiple regression, by which the lag time would have been
predictcd From various demographic, attitudinal, and econcmic charac-
teristics of the individual. A researcher might adopt this approach
if he either did not understand or was not interested in modeling the
details of the decision-making process.

A second approach would have been to develop a ''cognitive but
passive decision module': I'cognitive' in the sensc that cach simu-
lated individual stores in memory the number of innovation messages he
hos reccived, but "passive' in the scnse that he automatically becomes
an adopter after the number of messages he has received exceeds & certain
threshold. This approach would have made no attempt to simulate how an
individual rationally determines on the basis of economic and other
factérs whether he will adopt or not. This is the approach suggested
by Hagerstrand and Deutschman. However, neither Hagerstrand nor
Deutschmsnn is very clear on how this threshold will be determined
for various individuals.

A third approach might have developed a “cognitive; rational
declsion module.”™ In this approach each simulated individual not only
is aware of the innovation messages impinging on him but also
"rationally'" processes this information In terms of the constraints
of his own sltuation in order to decide if and when he will adopt.
To develop decision modules of this sophistication presupposes a detalled

understanding of how various factors interact to affect an Individual's
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decision. This approach is related to the curreni work in artificial
intclligcnce.]

Each of these approaches has its drewbacks. The first approach,
the black box approach, was found to be inadequate because the crnirical
data, which is discussed later in this report, showed no significant
corrclation between cwarencss-to-adoption time and other indcpendent
variables. Large measurement crror probably accounts for the low
correlation. To most people the time of first awareness is not a
particularly salient piece of information which can be casily recalled.
Even time-of-adoption is often subject to considerable error of recall,
The difference between these two measurcs tends to yicld a very
unrelioble measure. Thus this approach did not prove to be workable.

The cognitive, retional approach was not workable becausce ihere was
insufficient theory and data to deveiop a programmable model of innovation

decision-making.

SINDI 2: An Overview

SINDI 2 Is essentially a communication model of a diffusion system.
In the simulation, information and influence flow to the potential
adopters in the community via the print media (magazines and newspapers),
the electronic media (radio and television programs), and word-of-mouth
communication with adopters encountered individually and at meetings
of community organizations. No provision has been made in SINDI 2 fo-
interaction with extension agents or commercial salesmen.

The "decislion module! for each simulated individual follows the

lSen, for c¢xample, the work of Newell and Simon (1963) on simulating
general problem-sclving behavior.
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cognitive, passive approach outlined above but also incorporates aspects
of the other two approaches. 7The following assumptions are incorporated
into the model:

1. Each simulated individual manifests @ resistance to adopting
an innovation in the face of influence from his cnvironment. This
resistance is a function pf the individual's demographic and attitudinal
characteristics and the economic characteristics of his cnterprise and the
characteristics of the innovation.

2. Each potential adopter is influenced proportionally to his
exv.posure to innovation information carried in the mass media and to his
frcquency of interaction with adopters in his community.

3. When the magnitude of an individual's cumulative influence from
various sources excesds the magnitude of his resistance to adoption, hec
becomes an adoptcr.

A simplified flow chart for SINDI 2 appears in Figure 2.1, After
reading in the input data and parameters required for the simulation,
SINDI 2 initializes "innovators' and schedules ‘'external adopters."
"|nnovators' are those individuals who adopted the innovation prior to
the siination starting time; "external adopters'' are those individuals
who adopted the innovation somewhere outside the community and then
migrated Into the community after the simulation starting time,

Thus innovators are Influential from the very start of the simulation;
external adopters become sources of influence within the social system
only after they have entered the system.

Besides the run loop, which is not shown on the simplified flow
chart, there are three main loops In the simulation program. In the

outermost loop of the thiece, SINDI 2 cycles through a preset numbar of
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Figure 2.1 Flowchart for SINDI 2
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time periods. Within each time period there are two loops which cycle
through the simulated subjects,

The first of these loops computes the expected value of influence
on each.subject who has not yet adopted the Innovation. This expected
value of influence is proportional to cach subject's probability of
exposure to innovation messages carried by the mass media and to the
subject's probability of interaction with adopters encountered individually
and at meetings of local community organizations. The mathematical
relationships which express the degree of influence for each type of
channel follow.

Statements A-69 and A-70 of the TORTRAMN program which follows
compute the influence effect on individual i from his exposure to inno-
vation messages in magazines and newspapers during the currcent time
period. In mathematical notation, these two FORTRAN statcments could
be expressed as:

NMAGNW
EHAGNw(i,itlmp) = CMAGNW :25: PMAGNwi,jmn' MMAGNWJmn,itimp
jon =1
The influénce effect from magazines and newspapers on an individual
during the current time period is proportional (CHMAGNW being the constant
of proportionality) to the sum of the expected values of innovation
information received from the varlous magazines and newspapers during

the current time period. The expected value of an outcome is defined

*The subscripts which appear in parentheses in the mathematical
equations in the text do not appear in the compuler program presented
in the next section. In the computer program values of a variable
along the dimension of the parenthetical subscripts appearing in the
text are stored in temporary locations of core memory.
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as the probability of an outcome taking place times the value of the
outcome. !n this case, PHMAGNV. imn is the prohobility that individual

1 reads a particular issue of magezine or newspaper jmn, and

MMAGNVY,

, R H N H [N WP | .pe d
Jmn, itimp is the quantity of innovetion information carried by

that particular channel during time period itimp and measured as
square inches of print information.

Likewise the expression {(contained in statements A-73 and A-74)
for influence from innovation information carried on radio and
television programs Is:

HRADTV

A S

ERADTV( = CRADTV « :>' PRADTV, . _ « MRADTV,

i,itimp) i,irt jrt,itimp

7500

jre =1

In this case MRADTV,

re,itim’ the quantity of inncvation information
; )

carried by radio or television program jrt diring tim. period itimp,is
measured in minutes of time.

Subjects who have not yet adopted may be exposed to word-of-mouth
communication under two different types of situations. In one case
they may encounter adopters at meetings of local organizations. The
influenég effect for this case is programmed as statements A-78 and

A-79 which are equivalent to the mathematical expression:

MLORG
)
EMLORG(i,itimp) = CMLORG i pMLORGI,)Io' AMLORGJIO,(itimp)
jlo =1
PMLORGl 1o is the probability that individual | will attend any given
’

meeting of local organization jlo. AMLORG is the average

jlo, (itimp)

number of times that adopters attend the meetings of local organization

jlo during a given time Period. The expected yalue of AMLORGJIO,(itimp



is computed in statements A;56 to A-59 at the begfnning of each time
period.

Individuals may also interact with other ingividuals in their
circle of discussion partners., Empirically it usually is found that
the nunber of people included in this circle varies from individual
to individual. Some individuals have a wider circle of discussion
partners than other individuals. Thus, if sociometric influence were
computed as being proportional to interaction with adopters, other
things being equal, individuals with more discussion partners would be
subjcct to greater absolute sociometric influence from adopters than
individuals with only a few discussion partners. For example, an
individual interacting with three adopters among ten discussion
partners would be influenced more than the individual interacting with
two adopters among three discussion partners, even though in the latter
case the individual would be aware that a greater percentage of his
discussion partners had adopted. Thus, since a straight proportionality
to interaction with adopters does not seem to be a completeiy
adequate representaticn of the interpersonal Influence process, a
somewhat more complicated expression for sociometric influence is
included in the simulation. This expression for ENEMBR (influence
Effect from NEigHBoRs) which is programmed in statements A-83 to A-85,
can Le expressed mathematically as:

ENEHBR( = CNEHBR

i,itimp)
ijz

~1.0) « SOCINF, ,

+C|NLRT0(AD0PTRJ’(Itimp) |

}-‘ ADOPTR

Jy Gitimp)
wend
ij = 1ija

0 SCINERT €1
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where j = NAHEDij

and  SOCINF, . is calculated in A-30 as

i

SOCINFij = CREDlBiJ‘ (DRDAYS « PDISC

’)L'”r“' 0 ZCINFLY )

.
The first equation sums the infTluence contribution made by cach

discussion partner named by an individual., When ADOPIR, = 1.0,

Jy Citimp)

then the expression in brackets takes on a value of 1.0, When

ADOPTRJ,(itimp)

the cxpression in brackets is equal to ~CINERT, (CINERT s a simulation

= 0.0 (i.e. individual J. ts not yet an adopter), then

parameter which the rescarcher sets to some value between zero and onc.)
Thus, included in this expression for sociometric influence is an
“inertial' negative influence from intcraction with nonadeplers,

The nonadopters are programmcd to be passive in the sense that their
negative influence only reduces the positive influence from adopters
during that time period bul can never add a negative influence to the
total cumulative sociometric influence. In other words statement

A-88 of the FORTRAN program insures that CNEHBR for a given time

period will never be less than zero, and herice the cumulative sum of
sociometric influence, SNEHBR, will never be less than zero.,

The eyuation for SOCINFij computes a relative sociometric influence
effect as a function of the discussion partner's credibility'and the
raw frequency of contact during a time period raised to the exponential
power of CINFLU (a simulation parameter between zero and one). When
CINFLU equals 1.0 then SOCINFiJ Is exactly proportional to the raw
frequency of contact with the discussion partner 1i. In other words
a discussion partner whom a subject sees every dey has 90 times the
influence of a discussion partner whom he sees once every three months.

When CINFLU equals 0.0 the SOCIN!’ij is Independent of the raw frequency
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of contact and only depend; on the credibility rating of the person
named, In this case, a discussion partner whom a subject sees every
day during the time period has the same influence as the discussion
partner he sees only once or twice during the time period. The actuai
value of CINFLU probably lies somewhere between zero and one.

The second subject loop at the end of each time period checks
to see if the cumulative Influence on a subject exceeds his resistance
to adoption. |If it does, then the subject becomes an adopter and can
begin influencing others in subsequent time periods.

After having cycled through all the time periods the program then
outputs the results. A separate output analysis program2 produces a
computer plot of the simulated and empirical cumulative adoption

curves and pe~forms the Kolmogorov-Smirnov two-sample test,

SINDI 2: The Computer Model

The mest explicit statement of the diffusion simulation model is
the computer program itself. The main program of SIND! 2 and a list of
definitions for veriables, arrays, and indices included in the program
follow below. Not listed in this report are the various subroutines
which read in the input data and simulation parameters, compute simple
statistics, output the results, and pertform other '"housekeeping'' tasks.

SINDI 2's method for mapping the sociometric communication network
is somewhat different from the usual methods. In many studies of
sociometric relationships the data is summarized in the form of a

square matrix in which the rows are associated with the persons

2Adapted from a program package implemented at the Michigan State
University Computer Labcratory by Morris (1967).
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being named. However, thi; approach is waste ui of the computer's
core memory because most of the cntries are usually zero, indicating
that there is no interaction between the two individuals., In SINDI 2
the conmunication structure is mapped as a set of sociometric dyads.
Each dyad represents a one-way communication link and is characterized
by the following fixed attributes: the identification number of the
person who is the namer, the identification numb.or of the person who
is named, the frequency ~f discussion about work-related matters, and
the credibility of the person nomed in the cycs of the namer. TJo
calculate sociometric influence SINDI 2 cycles through this set of
sociometric dyads, A list processing language was not used to kesp
track of the circle of discussion partners associated vith each
individual because the communication structure was assumed to

remain unchanged during the duration of a simulation run.

SINDI 2 is programmed in USA Standard FORTRAN (United Statcs of
America Standards Institute, 1966). The SINDI 2 source deck for the
main program and the subroutines contains approximately 450 FORTRAN
statements excluding comment cards. When this program was compiled
on the CONTROL DATA 3600 Computer at the Michigan State University
Computer Laboratory, it required approximately 8200 words of core
memory for the instructions contained in the binary #bject program
and supporting system routines and for the input/output buffer areas.
An additional 10,200 words of core memory were allocated to store
in COMMON blocks the various variables, arrays, and Indices used in
simulating diffusion in a community of 100 individuals and 800
specified sociometric relationships. When SINDI 2 was applied to a

community of 88 simulated individuals Interacting In a communication
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network comprised of 324 sdziometric dyads, each series of runs required
25 seconds of execution time to load the program and read in the data.
Each run within a series required approximately li seconds of cxccution
time. When run on the CONTROL DATA 6500 Computer, SINDI 2 required an
additional 1000 words of core memory for buffer areas, 5 seccids of
central processor time to load the program and read in the data for

cach series of runs, and slightly more than 1 second to exccute cach
run.

The output analysis program which on a second pass through the
computer produced the cumulative distribution plots on the line
printer and performed the Kelmogorov-Smirnov two~somple test,
required somewhat less corc memory than did SINDI 2 end only a fcu

additional seconds of cxecution time.
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PROGRAN SINDI2

STHMULATION OF INNOVATION DIiFFUSION

VERSTOM 2.4¢ (11/12/68)

USA STANDARD FORTRAN PROGRAM BY T.\l. CARROLL

REAL MEAGHW, KRADTV, KLCRG

COMMON /PO1/ LUMI,LUNO, LUNP, LUNT, KLY (L), DESCRP(13)

COMMON /ACZ/ VRUN,HRUR FRUNA, | RUNZ

COMMON /N03/ IOI“P “l.u ,flll , RTEREA, DRTIHME , DRDAYS

COMMON /AGhL/ 1 MSUE, L) NDYAD, IJ« 1 J7

COMION /105 / PHAGHW(IDO,lﬁ),h1/(:”(lS,SO),JHN,NHAGHU
COMMON /R0L/ PRADTV (100, 10)  MRADTY (10,50) , JRT,NRADTY
COMMON /h07/ AHIORG(') PUHLORG(I00,5) , HLORG(5,50) ,JLO,NLORG
COMMON /h08/ 1DEYT (¢ ) TEHTCH(I00) , TBEGOP (100) , NAMES (100)
COMMON /ADY/ IDINT(110), IL 1E7

COMNMOM /ATQ/ LANMER(LCO) ~‘n( 00)

COMMON /r11/ PrSL{lon), (uﬁﬂf‘(VWO),SOCIHP(BOO)

COtMON /7127 ‘h/('W(nCO},FHAD?”(!OH),“HiOLC(IUO) CHEHBR(IUD)
COMMON /ATZ/ TIDDAT(Y00)  EECR(TI00), RESEST(100)

COMMON /7l 1BOPTROICO) ,1ADRSTH(I00) U TAGLI00), LLORT(100)
COMMON /A15/ CHACGHM, CRADTV CHLOLC, CHLHLIG CINTLY, CINERT
COMMON /AT1G/ REGREH,RLGRSD, RISTIN, RISTSD

LOG'CAI vt ASSIG'!LNT AJD PAnk“rTPR ¢F1|1Nf

LU = 60
LUNO = 61
LUNP = 62
LUNT = ]
PRSUAP = 2.0

INPUT -- PARAMETERS AND DATA

SUBROUTINE INPUTP READS IN BASIC PARAMETERS FOR EACH
SHHULATHION RUH ~- RUN DESCRIPTION, INPUT-OUTPUT CONT

ROL

KEYS, AND REAL TIME AT START OF SIPULATION AND AT DATA

COLLECTION. 1T ALSO READS IN THE TOTAL HUMBLR OF
EACH OF THE FOLLOWING -- SIiMULATION RUNS, TIME PCRIO
MAGAZ INES AHD NEMWSPAPERS, RADIO AND TELEVISION PROGR

DS,
AMS |

LOCAL ORGANIZATIONS, INDIVIDUAL SUBJECTS, AHD SOCIOMETRIC

DYADS.  (SUBROUTINE IDENTiFICATION CODE LETTER = B)
CALL INPUTP

SUBROUTINE THPUTH READS IN EACH SUBJECT=S ENTRY TIME
THE COMHUNITY, THE START-UP TIME OF HIS ENTERPRISE,
PROBABILITY OF EXPOSURE 10 EACH MASS MEDIA CHARNEL,
RIS PROBABILITY OF ATTENUANCE AT MELTINGS OF FACH LO
ORGANTZAT 1 ON INPUTE ALSO READS M THE DATA OH 1HE
SOCIOMETRIC DYADS.  THESE DATA SPECIEFY THE IHERT IFI(
NUMBER OF THE NAMER, THE TLENTIFICATION NUMBER TH
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PERSON NAMEDN, THE PROBABILITY OF DISCUSSION ABOUT WORK-
RELATED MATTERS, AND THE SOURCE CREDIBILITY OF THE PER-
SON NAMED AS SEEN BY THE NAMER. (c)

CALL ITHPUTI

SUBROUTINE INPUTA READS IN EACH SURJECT#S EMPIRICAL
ADOPTION TIME ARD HIS RAW RESISTANCE=TO- INNOVATIHG
FACTOR PREDICTED FROM MULTIPLE RLCGRESSION. (D)

CALL INPUTA

CALL

INPU

SUBROUTINE INPUTH READS N THE QUANTITY OF [INIGVATION
INFORMATEON CARRIED BY EACH MASS HEDIA CHANNEL AND THE
HUMBER OF MEETINGS HELD BY EACH LOCAL ORGANIZATION
DURING EACH SIMULATED TiME PERIOD. (E)

™

SIHULATION RUN LOOP

D0 150 |

RUN = [RUNA, IRUNZ

SUBROQUTINE INPUTT READRS IN THE SIMULATION TUHIHG PARS -
METERS. THLSE INCLUDL VALUES FOR (1) THC MEAN AND
STANDARD DEVIATION OF THL SJIBJECTS» TRANSFORNMID
RESISTANCE=TO= LHHOVATING FACTORS, (2) CORGENICATION
EXPOSURE INFLUEHCE PARABETIRS-=CoAGHY, CRADTV, CHLORL,
CNEHER == AND (3) SOCIOMCTRIC ITHIERACTICH PARAMETERS--
CINFLU AND CINERT. (F)

CALL [INPUTT

VARIABLE INITIALIZATION FOR NEW RUN

O e e o e e A e N En B e G Be B e e e G e Gu Gw A Gn G e e Be B e

DO 10

10 RESIST(I)
RISTSD)

DO 20

IJ

THE NEXT TWO STATEMENTS LINEARLY TRANSFORM REGR(I), THE
RAW RESISTANCE FACTOR PREDICTED FROM MULTIPLE REGRESSION
TO RESIST(i), THE RESISTANCE OF INDiVIDUAL | TO INNO-

VATION COMMUNICATIONS RECEIVED DURING THE SIMULATION RUN,

= 1,NSUB
= (RISTSD/REGRSD) «(REGR{ i)~ (REGRMN~REGRSD))+(RISTMN-

THE NEXT TWO STATEMENTS CALCULATE RELATIVE SOCIOMETRIC
INFLUENCE ON INDIVIDUAL 1 FROM INDIVIDUAL J, ONE OF 1%*S

DISCUSSION PARTNERS, AS A FUNCTION OF J*S CREDIBILITY AND

THE RAW NUMBER OF INTERACTIONS PER TIME FERIOD RAISED TO
THE POWER OF CINFLU. CINFLU §S A SIMULATION PARAMETER
BETWEELN ZERO AND ONE.

= | ,NDYAD

20 SOCINF(I1J) = CREDIB(1J)*(DRDAYS*PDISC (1)) *“CINFLU

A

A
A
A
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30
31
31
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INITIALEZE STATE VARIABLES

DO 30 I = 1,NSUB A
SRADTV (1) = 0.0 A
SMAGNW (1) = 0.0 I
SHLORG (1) = 0.0 A
SNEHBR(1) = 0.0 I
ADOPTR(1) = 0.0 A
TADS 11(1) = 0.0 A
ITAG(Y) = 3 A
TAG [NNOVATORS
LF (TADDAT (1), LE.RTIMEA)  ITAG(1) = | A
TAG UXTERHAL ADOPTLRS
IF ((TADDAT(I).LE.TENTCH(:)).AND,(TEHTCH(I).GT.RTlMEA)) FTAG () =2 A
FOR THROVATORS AND ENTERNAL ADOFTERS, SLT SIMULATED
ADOPTION T1kE EQUAL TO ENPIRICAL ADOPTION 1110
IF(ITAG(E) L LE.2)  TADSIE(I) = TADDAT(1) A
30 CONTINUE A
SUBROUTIKE ORDER{Y) SGRTS THIOVATORS 1THTO CHROMOLOU! CAL
ORDER ACCORDILG 10 THE!R LEPIRICAL AUGPTION T11S.
OR?[RI(Z) ORDLRS OTHER SUBJLCTS AS THEY BECOLE /DOCTIRS.
(H
CALL ORDER| (1) A
INITIALTZE REAL TIME
RTIME = RTIMEA-C.5#DRTIIC A
TIME PERIOD LOOP
DO 130 ITIMP = I ,NTIMP . A
RTIME = RTIME+DRT|ME A
DO 40 | = },NSUB A
IF (ADOPTR(1).EQ.1.0) GO TO 40 A
ACTIVATE INNOVATORS AND EXTERNAL ADOPTERS AS
ADOPTERS IN THE COMMUILITY WHEIl SI{MULATED REAL TIME
EXCELDS THE TIME THEY ENTERED THL COMMUMITY.
IF ((ITAG(I).LE.2) . AND. (RTIME GE.TENTCM(I))) ADOPTR(1) = 1.0 A
IF ((1TAG(1).EQ.2).AND. (ADOPTR(1) LQ.1.0)) CALL ORDERI (2) A
Lo CONTINUE A
THIS SECTION COMPUTES AT THE BEGINMING OF EACH TIME
PERIOD THE AVERAGE NUMBER OF TIMES AGOPTERS ATTEND
MEETINGS OF A PARTICULAR LOCAL ORGANIZATION DURING
THE TIME PERIOD.

DO 50 JLO = 1,NLORG A
AMLORG (JLO) = 0.0 A
DO 50 J = 1,HSUB A
50 AMLORG(JLO) = AMLORG(JLO)+MLORG(JLO, ITIHP) *ADOPTR(J) *PMLORG(J,JLO)A

0

1|5
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70

51

RESET SOCIOMETRIC LOOPING i PARAIETERS

fJA = 0 A
1JZ =0 A
SUBJECT LOOP FOR MESSAGE EXPOSURE
DO 110 | = 1,HSUB A
THE FOLLOWING TWO STATFEFNTS ADJUST THE DYAL LOOPING
PARPAMETERS SO THAT TJA POINTS 10 THE DYAD WiTH SHE FIRST
SOCIOMETRIC DISCUSSION PARTHLR NAMFD BY IRDIVIDUAL 1 AND
1J7 POINTS 10 THL DYAD WiTH THE LAST PARTHLR HARED BY |
IJA = 12+ A
FJZ = 1JZAHAMES (1) A
THE HEXT THRFE STATEMENTS CAUSE THL PROCRAI 1C LYPASS Th
FLSSAGE EXPOSURE STCTICHs 1OR ADOPTERS, NOLOPE#MTORS
(FNDIVIDUALS VIO HAVE NOT YOT SERIOUSLY CONTLMPLATED
STARTING Al OFF RATION), IHNOVATORS AND EXTERNAL ADOPTERS.
IF (ADOPTR(! ) £Q 1.0) GO TO 110 A
IF (RTINC, LT (FIICO“(I)-PRSUAP)) GO TC 110 A
IF (ITAG(t).LE.2) GO TO 110 A
MASS FEDIA COMLUICATIONS
THIS SECTION EXPOSES EACH NONADOPILCR TO INHOVATION
MESSAGES CARRIED BY MAGAZINES AND NEVSPAPERS.
EMAGNW = 0.0 A
DO 60 JMN = 1,NMAGHV A
EMAGNW = EMAGNW+CMAGNWPMAGNW (1, JUN) *MMAGNW (SN, | TIMP) A
SMAGNW (1) = SHAGNW (1)+LMAGNW A
THIS SECTION EXPOSES EACH NONADOPTER TO INKOVATION
MESSAGES CARRIED ON RADIO AND TELEVISION PROGRAMS.
ERADTV = 0.0 A
DO 70 JRT = 1,MRADTV A
ERADTV = ERADTV+CRADTVEPRADTV (1, JRT)*MRADTV (JRT, I TIHP) A
SRADTV(I) = SRADTV(I)+ERADTV A
EACH SUBJECT WHO HAS NOT YET ENTERED THL COMMUNITY
AND HAS NOT YET ADOPTED MAY RE EXPOSED TO MESSAGES
IN THE MASS MEDIA BUT MAY NOT INTERACT WITH OTHERS
IN THE COMMUNITY UNTIL HE HIMSELF HAS MIGRATED INTO
THE COMMUNITY.
IF (RTIME.LT.TENTCM(1)) GO TO 11u A

60
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WORD-OF-HOUTE COMMUNTLATLOMNS
THIS SECTION TXPOSES [ACH NONALORPIER 1O INFLUCLCL FROM
ADOPTERS AT BULTINGS OF LGCAL ORGANTZATIONS.
EMLOEG = 0.0 A
DO 80  JLO - ) ,NLOKG : /.
80 EILORG = LiLORG+CHLGEAPHELORG (T, JL0) SANLOPG(JLO) A
SHLORG(1) = SKLORG(i) tMLORG A
THIS SECTICH FZPOSES EACH NOMADGRIER TO INFLUFNCE TROM
ADGPTERS R 1S CrRCLE OF DISCUSSIGN PARTRERS.  FAUH
NOMADOPTER 1S ALSO EXPOSED TO HLGATIVE IMFLUENCE FROM
DISCUSSION PARTAERS WHO HAVE MOT YET ADOPTED.
ENEHBR = 0.0 A
IF (HAKES (1) . EQ.C) GO TO 100 A
PO 90 1J = 1JA, a7 A
J o= HASED (1Y) i
ENEHBR = LNEHDP+CHERERA (ADOPTR(J)4 CHIERTS (/D0 TR(J)-1.0) ) = A
SOCIHE(1Y) A
90 CONTIUE I
[F (ENLHER.LT.0.0)  ENEMBR = 0.0 I
106 CONT UL A
SNEHBR(1) = SNEHBR(1)+LNEHBR A
FHD SUBJIFCT DXPOSURD L GOP
110 CONTINUE :
ADOPTER UPDATE SECTION
THIS SECTION CHECKS TO SEEL |F THE TOTAL INFLUENCE FROM
VARIOUS SOURCES ON EACH NONADOPTER EXCEEDS HIS RESISTAMCE
{0 INNOVATING  1F SO, THE INDIVIDUAL BECOMES AN
ADOPTER.
DO 120 | = 1,NSUB A
IF ((ADOPTR(1).EQ.1.0).0R (ITAG(1) LE.2)) GO TO 170 A
SINFLU = SMAGNW (1 )+SRADIV (1) +SMLORG(1 ) +SNENRR (1) A
LF ((SINFLU.LY.RESIST(1)) OR. (RTIKL LT.TBEGOP (1)) . OR. (KTIME.LT. A
TENTCM(1))) GO T0 120 /
ADOPTR(1) = 1.0 A
TADSIM(I) = RTIME A
CALL ORDER! (2) A
120 CONTINUE A
END TIME PERIOD LOOP
130 CONTINUE A
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SUMMARY AND OUTPUT

TREmEmNTESNmmIooLnoDmNITs

THIS SECTION TAGS ALL INDIVIDUALS WHO HAVE HOT ADDITED
BY THE END OF THE STHULATION RUN., 1T ARBITRARILY SETS
THEIR SIMULATED ADOPTION TIME CQUAL TO THE REAL

TIME AT THE REXT TIME PERIOD AFTER THE FINAL SINULATED
THME PERIOD,

RTIME = RTIME+DRT | ME A 102
DO 1h0 | = 1,RSUB A 103
IF (TADSIM(1).GT.0.0) GO TO 140 A 104
TADSIH(1) = RTIME A 105
ITAG(I) = 4 A 106
CALL ORDERI (2) A 107
150 CONTINUE A 108
SUBROUTINE OUTPUT PRINTS OUT THE SINMULATION RCSULTS,
THESE INCLUDL =~ (1) MEANS AHD STANBARD DIVIATIONS TOR
SIMULATED AND CHPIRICAL ADOPTION TINMES, (2) CORRELATIONS
BETWEEN S{MULATED ADOPTION TIMES, EMPIRICAL ADOPTION
TIMES, AND RESIST/AMCE FACYORS PREDICTED FROM MULTIPIL
REGRESSION, (3) PELATIVE PROFORTION OF HPFLUEHCE Frot THE
VARIQUS INFLULMTIAL SOURCES, (&) SIMULATLD ADOPTICH TIMES
IN CHROIOLOGICAL OUDER FOR LACH INDIVICUAL PLUS SUrwny
OF SOURCES OF 1HILURHCE ON FACH TUDIVIDUAL . /LD 0D
STMULATED ADOPTION TIRES AND PISCELLANECUS CTHER
DATA FOR LACH INDIVIDUAL  THE LAST SET OF RESULTS (5)
CAN BL OUTRUT ON A SCRATCH UlT AMD/OR PUNCH UIT
TO FACILITATE FURTHER AMALYSIS OF THE RESULTS SUCH AS
THE KOLMOGOROYV=-SHIRNOY TWO-SAMPLE TEST AND COMPUTER
PLOTTING OF THE CUMULATIVE ADOPTION CURVES. (G)
CALL OUTPUT ’ A 109
END RUN LOOP
150 CONTINUE A 110
END SIMULAT!ON

END AT

SUBROUTINE DEFINE

ADOPTR (1) DESIGNATES WHETHER INDIVIDUAL | 1S AN ADOPTER. (MSUB)
= 1,0 IF HE IS AN ADOPTER,
= 0.0 IF HE 1S A NONADOPTER.

AMLORG  (JLO) THE AVERAGE NUMBER OF TIMES THAT ADOPTERS ATTCND THE
MEETING OF LOCAL ORGANIZATION JLO DURING THE CURRENT TIME
PERIOD. (NLORG)
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CINERT

CINFLU

CHAGIW

CHLORG

CNEHBR

CRADTV

CREDIB

DESCRP

DRDAYS

DRT IME

EMAGNW

EMLORG

ENEHBR

SIMULATION PARAMETER USED 1N THL LXPRCSSION FOR CHEHBR TO
SPECITY THL DEGREL OF KEGATINVI iNFLUENCE FROM NOHADOPIERS,

STRULATION PARAMETER BETWLEH ZIRO AND ONLC VILTCH 1S USED A AR
EXPONENT FOR EHE RAV FREQUENCY OF INTERACT LG TN THE CALCU-
LATION OF 50CI0METRIC INFLULHCE, SOCIHF (1Y),

CONSTANT OF PROPORTIONALITY 11 THE RELATIONSHIP WHICH
SPECIFILS THE T LULHCE CErDCT (EHAGNM) 0N AN INDIVIDUAL
RESULTING FROM HIS LXPOSURE 10 THNOVAT I ON TRFORW VO CARRIED

IN MASAZINES AMD MEWSPARERS .

CONSTARY OF PROPORTIOMALITY 1M THE RCLATIONSH ) Vit cp
SPECIFILS THL 10FLULHCE EFFECT (EFBLORG) 0 AN THDIVIDUAL
RESULTIRG FROM HIS INTERACTION VITH ADOPTERKS ENCOUNTIRED AT
HEETINGS OF LOCAL ORGANIZATIONS.

CONSTAIT OF PROPORTIOUALITY Vi1 0H SPECIFIES THT INERIEHEN
EFFECT (LREHER) OM /AN INDIVIDUAL PESULTING FEOM HIS
INTERACTION WiTH ADOPTERS AND HONAGOPTERS 1N PAITMISE
COMMUITCAT IO SiTURTIONS,

CONSTANT UF" PROPOKIIONALITY WHICH SPECIIILS THE INFLURICE
EFFECT (LRADTV) ON At INDIVIDUAL RESULTING FROM HiS EXIOSURE
TO INHOVATION INFORBATION CARKILD O RARIO (1D TLLEV] S
PROGRAMS .

(1J)  CREDIBILITY OF MAMED (19) AS SEEH LY NAMCR (1) 1n
MATTERS RELATED TG HIS WORK ENTERPRISE FOR SOCIOMETRIC DYAD
[J.  (NDYAD) RANGE -- 0.0 TO 1.0.

(1-13)  THIRTEEN-WORD ARRAY FOR STORING AN ALPHANUMERIC
DESCRIPTION,

NUMBER OF DAYS PER TIME PERIOD.

"REAL TIME DURATION OF ONE SIMULATION TIMNL PERIOD.

USUAL DIMENSION -~ YEARS.

INFLUENCE EFFECT ON AN iNDIVIDUAL RESULTING FROM HIS EXPOSURE
TO INNOVATION MESSAGLS CARRIEL BY MAGAZINES AND NEWSPAPERS
ISSUED DURING CURRENT TIME PERIOD.

INFLUENCE EFFECT OM AN INDIVIDUAL RESULTING FROM HIS
INTERATION WITH ADOPTERS AT MEETINGS OF LOCAL ORGANIZATIONS
DURING CURRENT TIME PERIOD.

INFLUENCL EFFECT ON AN INDIVIDUAL RESULTING FROM HIS
INTERACTION WITH ADOPTERS AHD HONADOPTLRS (AS DETERMINED BY
THE INDIVIDUAL®S LIST OF SOCIOGHETRIC CHOTCES) ENCOUNTERED IN
PAIRVISE COMMUNICATION SITUATIONS GURING THE CURRENT TIME
PER10OD,
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ERADTYV

I CODE

IDEXT

IDINT

IE

1JA

1Jz

| RUN

IRUNA

1 RUNZ

IS

I SORT

o2
v

’
/

INFLUCNCE EFFECTON AH INDIVIDUAL RESULTING FROM HIS
EXPOSURE TO iNMOVATION MESSAGES CARKRIED BY RADIO AND
TELEVISION PROGRAMS DURING CURRENT TIME PE2IOD.

FNDEX SPECIFYING A PARTICULAR INDIVIDUAL SUBJECT BY HIS
FNTERNAL CODE NUMBER. (I = | ,NSUB)

AN INTEGER VARITABLE WHICH 1S CHECKED BY THE PROGRAM TO
DETERIINE 1T 1T CONTAIHS THE TwWO-CHARACTLR ALPHANUMBERIC CODE
w %,

(1) IDENTIFICATION CODI NUMBER EXTERMAL TO SIMULATION FOR
INDIVIDUAL | (E.G. A QULSTIONNAIRE CODE NUMBER). (NSUB)

(1E) IDENTIFICATION CODE NUMBER iWTERNAL TO THE SIMULATION
FOR INDIVIDUAL TE. (IEZ)

INDEX INDIRECCTLY SPLCIFYING AN INDIVIDUAL SUBJECT BY HIS
EXTERNAL CODL NUMBER, DEFINED AS IDEXT(I)}=IDEXT(1)+],
(1E = 1,1E2)

COMPUTLD UPPER LIMIT FOR INDEX IE, DEFINED AS {DEXT(NSUB)-
FDEXT(1)+1

INDEX SPECIFYING A PARTICULAR SOCIOMETRIC DYAD., (1J = 1,HDYAD)
OR (1J = 1JA,102)

COMPUTED BEGINNING VALUE FOR INDEX IJ WHEN THE PROGRAM LCOPS
THROUGH ONE INDIVIDUAL®S LIST OF SOCIOMETRIC CHOICES.

COMPUTED FINAL VALUE FOR INDEX 1J WHEN THE PROGRAM LOOPS
THROUGH ONE INDIVIDUAL®S LIST OF SOCIOMETRIC CHOiCES,

INDEX SPECIFYING THE SEQUENCE NUMBER OF THE CURRENT RUN OF
THE SERIES. (IRUN = |RUNA, IRUNZ)

-INTEGER SECUENCE NUMBER OF THE FIRST RUN OF A SERIES OF

SIMULATION RUNS.

INTEGER SEQUENCE NUMBER OF THE LAST RUN OF A SERIES OF
SINUMATION RUNS,

INDEX FOR ARRAY ISORT. (IS = 1,NSUB)
(1S) AN ARRAY IN WHICH SUBJECT INTERNAL CODE NUMBERS ARE

STORED CHRONOLOGICALLY ACCORDING TO THE SUBJECT*S SIMULATED
ADOPTION TIME. (NSUB)
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ITAG

ITIHP

LUNI

LUNI

LUNO

LUNP

MLORG

MMAGNW

MRADTV

50

(1) TAG WHICH DENODTLS HOM SIMULATED ADOPTION TIHE VAS
ASSIGHED TO INDIVIDUAL 1. (HSUB)
= | IF SET EQUAL TO FHPIRICAL ADOPTION VIME IN THE CASE OF
[NHOVATORS WHO ADOPTED BLFORE THE STARTING TIML OF THE
STHULAT Gt
=02 0T SET FQUAL TO EMFIRICAL ADOPTi TIHE N THE CASE OF
EXTERMAL ARCEILES 3000 ADOPTED BLICRE ENTCRING TNE
COMBURITY.
3 0F DEICRMINGE BY STHULATION.
LoVF SET EQW G TO PEAL TIES CORRCSPOUDING TO FTIMP = NTIMP+]
IN THE CASE OF SULJECTS WHO HAD MGT ADOPYED BY THE END OF
THE STHULATION RUH.

tn

INDEX SPECIFYING CURRENT TIME PERIOD OF SIMULATION RUN.
(FTHHE = | NTIMP)

INDEY SPECIFYILRG THE THIERIAL CODE HUNRIR OF AN INDIVIDUAL
WHEN BT ACTS I1F THE POLE OF AN IRTLUCRCER.  (J = 1,K5UD)

IHDEX SPECIFYING A PARTICULAR MAGAZINL OK NEWSPAPLK.
(JMN = 1, NHAGNY)

INDEY, SPECIFYiNG A PARTICULAR LULAL ORGANIZATION.
(JLO = 1,LLORG)

INDEY, SPECIFYiNG A PARTICULAL RADIO Of TELEVISION PROCKAN,
(JRT = 1,NRADTV)

(1-4) INPUT-QUTPUT FKEYS WHICH CONTROL (1) COMPLETE PRINTOUT
OF INPUT DATA, (2) COMPLETE PRINTOUT OF RESULTS, (3) BINARY
OUTPUT ON LOGICAL UNIT 1, AND {(4) OUTPUT ON PUNCH UMIT.

] IF DESIRED,

0 |F NOT DESIRED.

o

LOGICAL UNIT NO ) USED AS A SCRATCH UNIT FOR OUTPUTING

. RESULTS IN FLOAT!NG POINT BINARY FORMAT.

LOGICAL UNIT FOR INPUT.
LOGICAL UNIT FOR PRINT OQUTPUT.
LOGICAL UN:T FOR PUNCH OUTPUT.

(JLO,ITIMP) (TYPE REAL) MEETINGS OF LOCAL ORGANIZATION JLO
DURING TIME PERIOD ITIMP. DIMENSION -~ NUMBER OF MEETINGS
PER TIME PERIOD. (NLORG,NTIMP)

(JMn,ITIMP)  (TYPE REAL) INNOVATION MPSSAGES IN MAGAZINE OR
NEWSPAPER CHANNEL JMH IN TIME PERIOD ITIMP, DIMENSION --
SQUARE INCHES PER TIME PERIOD.  (NMAGNV NTIHP)

(JRT,ITIMP)  (TYPE REAL) IMNOVATION MESSAGES ON RAGIO OR
TELEVISION PROGRAM JRT IN TIME PERIOD ITIMP.  DIMENSION -~
MINUTES PER TIME PERIOD.  (NRADTY,NTIHP)
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NAMED (1J) REFERS 7O iNDIVIDUAL J, THE PERSON NAMED IN THE
SOCIGHMETRIC CHOICE DYAD tJ. (NDYAD)

NAMER  (1J) REFERS TO INDIVIDUAL !, THE NAMER IN THE SOCIOMETRIC
CHOICE DYAD 1J. (NDYAD)

NAMES (1) NUMBER OF SOCIOMETRIC NAMES GIVEN BY INDIVIDUAL | AS
NAMER (1d).  (NSUB)

NDYAD  THE TOTAL HUMBER OF SOCIOMETRIC DYADS INCLUDED IN THE
STHMULATION.

NLORG  THE TOTAL NUMBER OF LOCAL ORGANIZATIONS REPRESENTED IN THE
STMULATION.

NMAGHNY THE TOTAL NUMBER OF MAGAZINES AND NEWSPAPER TITLES
REPRESENTED IN THE S1MULATION,

NRADTV  Tiif TOTAL NUMBER OF DIFFERENT RADIO AND TELEVISION PROGRAMS

(E.G. THE FARMER®*S HOUR) REPRESENTED IN THE SiMULATION.

NRUN THE TOTAL NUMBER OF StMULATION RUMS IN CURREMT SERIES. A RUN IS
DEFINED AS ONE CYCLE OF NTIMP TINE PERIGDS PLUS 1TS OUTPUT.

NSuR THE TOTAL NUMBER OF SUBJECTS (OR {HOIVIDUALS) 11 THE
SITMULATLD POPULATION

NTIMP  THE NUMBER OF TiME PERIODS WHICH THE SIMULATION 1S ALLOWED TO
RUN.

PDISC  (1J) PROBABILITY OF DISCUSSION ABOUT MATTERS RELATED TO WORK
OPERATION BETWEEN NAMER(IJ) AND NAMED(1J) ON ANY GIVEN DAY.
(NDYAD)

PMAGNW (1 ,JMN) INDIVIDUAL 1%S PROBABIL{TY OF EXPOSURE TO MAGAZINE
. OR NEWSPAPER ISSUE JMM.  (NSUS,NMAGNW)

PMLORG (1,JLO) INDIVIDUAL 1%5 PROBAGILITY OF ATTENDANCE AT A
MEETING OF LOCAL ORGAMIZATION JLO.  (NSUB,NMAGHW)

PRADTV  (1,JRT) INDIVIDUAL [*S PROBABILITY OF EXPOSURE TO RADIC OR
TELEVISION PROGRAM JRT.  (NSUB,NRADTV)

PRSUAP PERSUASION PERIOD PRIOR TO THE TIME WHEN AN INDIVIDUAL BEGINS
HIS WORK ENTERPRISE AND DURING WHICH HE CAN BE INFLUENCED BY
VARIOQUS SOURCES TC ADOPT THE INNOVATION.

REGR (1)  MULTIPLE REGRESSION PREDICTION OF INDIVIDUAL 1%§
RESISTANCE TO ADOPTING AN IHNOVATION BASED ON INDIVIDUAL®S
DEMOGRAPHIC, ATTITUD!WAL AND ECONOMIC CHARACTERISTICS.
(suB)

REGRM  REGR DISTRIBUTION -- MEAN.



OO OO OO OO OO OO0 OO OO0 OO0 OO0 DO

REGRSD

RESiST

RISTHN

RISTSD

RTDATA

RTIME
RTIMEA

SINFLU

SHAGHW

SHLOREG

SNEHBR

SOCINF

SRADTV

TADDAT

TADS M

TENTCM

TBEGOP

56b

!
¢

REGR DISTRIBUTION - 3TANDARD DEVIATION.

(1) INDIVIDUAL |#S KESISTANCE TO INNOVATION ADGPTION.  THE
RESIST SCALE, WHICH 1S USED IN THE SIMULATION, 1S /A LINEAR
TRANSIORMATION OF THE IHPUT REGR SCALE. (NSUB)

RESIST DISTRIBUTION -- MEAN.
RESIST DISTRIBUTION == STAHNDARD DEVIATION,

REAL TINME AT THE POYHT OF DATA COLLECTION BY THE USE OF
SURVLY QUESTfONHAIRES.

REAL TIME EQUIVALENT OF A SIMULATION TIME PERIOD.
REAL TIME AT THE BEGINNING OF THE SIHULATION.

CUMULATIVE SUM OF MASS MEDIA AND WORD-GE-NOUTH THILUPKCE OR
AN THDIVIDUAL.

(1) CUMULATIVE SUM OF INFLUTKRCE EFFFCTS OH INDIVIDUAL |
THROUGH HIS EXPOSURE TO HHNOVATION MESSAGES CARRIED BY
MAGAZ INES AND HFWSPAPERS 1SSULD UP THERQUGH THE CURREHT TiME
PERIOD. (NSUB)

(V) CUMULATIVE SUM OF INFIUCHCE LFFECTS ON IHDIViDUAL
FROM H'S INTERASTION WITH DIMOVATION ADOPTERS AT MEFTINGS OF
LOCAL ORGANIZATIONS DURING CURRENT TINE PERTOD.  (NSUB)

(1) CUMULATIVE SUM OF INFLUENCE EFFECTS ON INDIVIDUAL |
FROM HIS INTERACTION WITH ADOPTERS AND NONADOPTERS I[N
PAIRWISE MEETINGS (AS DETERMINED BY INDIVIDUAL*S LIST OF
SOCIOMETRIC DYADS). (NSUB)

(1J) CALCULATED RELATIVE SOCIOMETRIC INFLUENCE ON INDIVIDUAL
i FROM INDIVIDUAL J (ONE OF %S DISCUSSION PARTNERS) AS A

" FUNCTION OF J%S CREDIBILITY AND THE RAW NUMBER OF INTERAC-

TIONS PER TIME PERIOD RAISED TO THE POYLR OF CINFLU.  (NDYAD)
(i) CUMULATIVE SUM4 OF INFLUENCE EFFECTS ON INDIVIDUAL I FRONK
HIS EXPOSURE TO IHNOVATI(® HMESSAGES CARRIED BY RADIO fND
TELEVISION PROGRAMS UP THROUGH CURREHT TIME PERIOD.  (WSUB)

(1) TIME OF INNOVATION ADOPTION FOR INDIVIDUAL | ACCORDING
TO REAL-WORLD DATA. (NSUB)

(1) TIME OF INNOVATION ADOPTION FOR INDIVIDUAL | AS
DETERMINED IN THE SIMULATION RUN. (NSUB)

(1) REAL TIME INDIVIDUAL | ENTERED COMMUNITY. (HSUB)
(1) REAL TIME INDIVIDUAL | BEGAN HIS WOKK OPERATION. (NSUP)

RETURN
END



CHAPTER 111

THE DIFFUSION SYSTEM: A DAIRY FARMING COMIURITY

IN MINAS GERAIS, BRAZIL

SINDI 2 was applied to the diffusion of dalry Innovations in a
farming community located In the southern part of the state of Hinas
Cerals, Brazil. This chapter describes the community and the process
of technological change taking place in its dairy operations. This
description provides the "scenario'' for the series of Tormal shmulation
runs which are summarized in the next chapter. |

Field research for this project was conducted while the avthor
worked with the overseas staff of the Brazil Diffusion Project from May
to October in ]967.] During this time data was collected for the

purpose of providing basic information on the diffusion process to be

IThe Diffusion Project, a four-year study terminating in 1508,
used survey research and multivariate analysis to explore the diffusion
of agricultural innovations in Brazil, Nige:ta, and India. This project
was sponsored by the United States Agency for Internetional Develupment
and was directed by Dr. Everett M. Rogers of the Department of Communi-
cation at Michigan State University. Phase | of the project sought tc
clarify the factors underlying the relative success or failure of
programs of directed change at the village level in terms of the charac-
teristics and communication strategies of chanpe agents, the social and
communication structures of the villages, and the characteristics of
informal leaders in the villages. Phase Il concentrated on explaining
the variability in innovativeness of individual farmers in developing
countries. In Phase 111, controlled field experiments werve designed
to compare the cffectiveness of such "treatments'' as literacy programs,
leadership clinics for informal leadeis (so-called "aniration’ trcat-
ments), radiophonic discussion groups, and communitly newspapers in
diffusing information about technological innovations.
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used in designing a sinulation model, providing empirical values for
parameters in the simuletion model, and providing data for vaiidating the

simulation modc-.].2

Site selection
The original rescarch plan called for 100 interviews (o be
collected in each of two Lommunitics, one comnunity vithout an agricul-
tural extension agent and the other community with an extension agent.,
The two communities were to be sclected with additional desiderata
in mind:
1. The communitics should be lecated in the foodshed of some
metropolitan center and at a distence "neither too cloce nor  too far."
2, The communities should have well-defined social boundarie.. A
commuﬁity is defined a5 a group of individuele who interact more
frequently among themsclves than with people outside the community.
The existence of well-defined social boundaries would help to minimize
boundary effects causcd by individuals included in the simulated
population Interacting with individuals outside the simulated population.
3. .The population of farmers in each community should be relatively
stable with little or no migration into or out of the community.
4. The farmers in the communitics should be commercial farmers
participating in a market economy and not subsistent peasant farmers.
5. At least threce or four innovations should have diffused within

a relatively short period of time (ideally within about five years) to

2This data collection, particularly the survey of dairy farmers,
will be referred to In the text as the Phase 2.8 data collection because
It occurred between the Phase 2.5 and the Phase 111 surveys which were
conducted by the staff o1 the Braril Diifusion Project. The Phase 2.5
survey was conducted to provide '"benchmark'" data for Phase 111,
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a large percentage of the farmers. (The author a}so had hopes of loceting
communitics in which readily acccss{blc records were kept by a local
farm storc or the extension agent as to the cxact time that the farmers
adopted the innovations. However, these hopes were not realized.)

6. The comnunitiecs should not have contact with short-term
foreign extension agents such as Peace Corps Volunteers or technical
assistance experts. The author did not want to have to take into
account ''short-term perturbations' of the diffusion process.

To sclect the community with an extension agent, a preliminary
analysis of the Phase |l data was used. During Phase i of the
Diffusion Project, the staff had conducted 1307 interviews in 20

comuunities in July, 1966, one year prior to the Phase 2.8 dats

collection. The Associagio de Crédito e Assisténcia Rural (ACAR),

a semi-autononous state extension service, had agents working in all
20 communities. On the basis of the desiderata outlined avove, the
community of Abelhas in the township of Trés Cora§6bs was selected,
For the Phase 2.8 community without an agricultural extension agent, the

nearby township of Conceing do Rio Verde was chosen.3

Field Research

Most of the research data were collected by means of a formal
questionnaire administered to farmers in the two communities. I[n
addition, useful background data were collected by means of informal
Interviews with opinion leaders and extension agents.

Preliminary field observation Indicated that the two most important

n 3The names of ﬁhc two townships are pronounced as tras koro'-
sol’s and konsa'sau du 'heu 'verje (following the pronunciation
symbols as used in Webster's Third Mew International bictionary).
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agricultural enterprises in the region were coff{ce and dabiy Tarmine,
The decision was made to focus the rescarch on the diffusion of gairy
innovations because therc seemed Lo he more such innovations diffusing.

The Phase 2.8 questionnaire was written during late June and corly
July, 1967. Approximately tuo-thirds of the questions uscd were drawn
from questionnaires used in Phases |, Il and 2.5 ond fron th~ guestionnaire
used by Fonseca (1966). The remaining questions were designed especially
for the purposes of simulation, most of these becing questions concerning
frequencies of exposure to various sources of innovation information.

A pretest version of the Phase 2 § questiconnaire wae adainistered
to two dairy farmers by an cgronomy student from the agricalinezl
school in Lavras. The author was precent during both intervies, and
despite his limitced knowledge of Portuguese was casily able to spot (he
rough places in the pretest version. Bascd on this chort but cffective
pretest, the final version of the Phase 2.8 simulation questicnnaire
was prepared.

Two teams of interviewers, each team consisting of a supervisor
and four interviewers, conducted the interviewing in the two communities
during the last week of July. Each team had alrcady gaincd three weeks
of interviewing expericnce with the Phase 2.5 auestionnairc; soiwe of
the interviewers had participated in the data collection for Ph..ces |
and Il as well. The interviewers were men and women <ics_ s from the
Federal University of Minas Rerals ir Bclo Horizonte.

A total r” 101 iurtz,views was obtained In Concciggb as planned, but
far @ “u.lety of reasons only 47 interviews were obtalned in Trés
Coragaés. Four interviews from Conceiggb were dropped lcaving a total f

97. Cnc interview with a fewale respondent was dropped because the
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respondent was an administrator for two farms from whicﬁ intervicws

with the owners had also beecn obtained, and two were dropped because

at the time of the interview the respondents did not yet own any cows.

" 0f the 97 remaining interviews firom Concciaﬁb, 3 werc with administrators
of the dairy farms in situations where it was not possible to Interview
the owner--usually because he lived elsewlicre most of the time. In

Trés Coragabs one Interview was dropped because the rcspondent did not
yet own any dairy cows; thus, an N of L6 was left.

During August the data from the questionnaires were coded and
punched onto IBK cards which were shipped back to Michigan State
University for later onalysis,

n September the author returned to the research site in order to
obtain more background information on the diffusion preocsss.  An effert
was also made to secure tape-recorded ''decision protocols' --depth
'ntervicws with a few farmers concerning their process of innovation
decision-making. It was not possible in the short period of time
available to perfect this technique, but it was felt that some useful
insights were gained which could not have been realized from the

. L
questionnalres alone.

Sclection of the Diffusion System

After making a preliminary analysis of the data, the author decided
to focus on developing a simulation model of innovation diffusion among

the dalry farmers in Concelng do Rio Verde. The decision to limit the

For a discussion of the tape-recorded Interviews as a {ield
techrnique, sce bucher, Fritz, and Quarantelli (1956). An example of its
application to the study of consumer product decision-muking is found
in Cox (14967).
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application of the simulation model to this community was mode Tor two
reasons., First, a complete census of the dairy farmers living in the
communities in the township of Trés Corngﬁés had not been obteined during
the field interviewing. A nearly complete census was felt to be
necessary in order to simulate the socicmetric interaction within the
community. Past diffusion research has shown that sociometric interaction
is an important channel for the communication of innovation information.
Thus ConcelQSb was chosen because a higher percentage of the dairy
farmers had becn interviewed. Second, it was felt that a reasonable
first objective of the modeling effort would be to develop a simulation
model of innovation diffusion in a setting with a minimum of outside
influences at work. Once the simple model was validated it could be
extended to include the different communication strategies that an
extension agent might use while working in a community. Thus Conceigﬁo,
the community without a formal extension agent at work, represented the
simpler diffusion system to model.

Therefore, for the remainder of this report, Conceiqu will be
considered the "simulaticn'' community. However, in order to provide
a perspéctlve on how this community compares with other farming cormunities
in Minas Gerals, the 97 dairy farmers interviewed in Concelcao will be
compared with the 46 dairy farmers Interviewed in Trés Coragoes during
Phase 2.85 and with the 816 dairy farmers and the L91 nondairy farmers

interviewed in the 20 Phase || communities.

5Slxty-one farmers had been interviewed in Tr@s Coragoes during
Phase |1;0f the h6 farmers who were interviewed in Phase 2,8, 31 had
already been interviewed in Phase 11.
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General Community Dascription

Concelggo do Rio Verde (population approximately 9,00u) is located
toward the center of the triangle formed by Sdo Paulo to the ¢ uthwest,
Rio de Janciro to the southcast, and Belo Horizonte, the state capital of
Minas Gerais, to the north-northezast (sce Figure 3.1). The asphalt
roads connecting the three majer cities had been constructed during the
late 1950's and early 1960's. Conceigdo lics on an asphalt crosslink,
completed in 1966, one year prior to data collection, betwcen the Belo
llor izonte-580 Paulo highway and the Rio-SZo-Paulo highvey. The region
surrounding Conceicao comprises probably the richest agricultural reaion
in the statc of Minas Gerais. Although Conceigﬁb did ot yet have
any formal extension agencies at work, the dairy farmers living in this
region were considered to be quite progressive. The dairy farmers who
were interviewed reported relatively high exposure to mass nedia channels
carrying agricultural information as well as a few contacts with exten-
sion agents from neighboring townships. Also 5 percent rerorted atten-
dance at an agricultural school beyond thé sixth grade, and 7 percent
reported at least some university education. At the time of the inter-
view thé old farm cooperative had been dishanded and a new dairy
cooperative founded. The new dairy cooperative was in the process of
constructing a milk collection center and installing the most modern
refrigeration equipment available from S8o Paulo., The cooperative was
planning to distribute its milk and milk products in either Belo
Horizonte, Rio de Janeiro, or Sdo Paulo, depending on the current
prices. At the time of Interviewing about 150 commercial dairy farmers
were estimated to be living in the township. The 101 intervicws were

obtained from the farmers living closest to the township center
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(see Figure 3.2).

In comparison, Tr€s CoracBes (population approximately 30,000) at
the time of the research had several formal organizations which werce
actively promoting the adoption of improved dairy practices. The
Nestle Corporation built one of its milk processing plants in Trés
CoraqSes in about 1956. In addition to providing a greatly increaced
demand for milk, the plant has an extension department which has been
an active change agent. ACAR, the rural extension agency of Minas
Gerals, opencd an office in Trés roraqocs in about 1952 and has had an
active information program on dairy innovations since the late 1950's.
The federal department of agriculture and the state department of
agriculture have had agents testing for and vaccinating against
common cattle discases. Farly in 1967 the federal department of
agriculture opened an office in Trés Coragﬁés to introduce the practice
of artificial insemination.

At ;he time of the rescarch there were estimated to be about Loo
commercial dairy farmers living in the township. The research plan had
called for interviews with about 100 dairy farmers living in the
communities of Abelhas and Boa Esperanca lying north of the township
center. Time permitted only 47 interviews. In the rest of this report
we will refer to the farmers as living in the township of Tr€s Cora?Ees

rather than using the community names.

6The distinction between the Brazilian words munic pio and
comunidade should be clarified. The munlglgio is the smallest recognized

politocal Tunit in Brazil, ach municipio has a locally clected prefeito
or mayor. ThUo, the word mun|C|p|o seems best translated into English
as “'township." The comunudude e refers to 3 smaller geographical

locality or neighborhood within the municipio. This report simply
translates comunidade as community. Oiher reports of the Brazil

B
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As shown in Flgure 3.3 both Concel¢3o do Rlo Verde and Tres CoragBes
ranked high on an economic development scale constructed by Stanfield
(1968) for the Phase |l communities. Stanfield construéted his
community economic development scaie in the following manner. The
economic variables for the individual respondents in each community
were aggregated to obtain a community score for the economic variables.
(The average number of respondents in each community was 65; the range
ran from 35 to 82.) These aggregated scores were most usually presented
as percent of the respondents with a particular characteristic or as a
mean or median value on a particular varisble. Examples were percent
with motor vehicle, mean income, and median farm size. In a principal-
axis factor analysis of the 24 aggregated economic variables all but
about three or four loaded heavily on a single factor in the principal
axis solution, which accounted for about 50 percent of the variance.
Stanfleld concluded that the unweighted average of the four variables
which loaded most highly on the principal axis could be taken as a
fairly good measure of the community's relative economic development.

These four variables (with their factor loadings in parentheses) are

Diffusion Project have used the term '"county' as a translation of the
word municipio. However, since counties in the United States are often
broken down into the smaller political units of townships, this trans-
lation secemed inappropriate. The various regions of the state of

Minas Gerais are more closely equivalent to the concept of counties in
the United States. For example, both Conccigﬁb and Tres Coracbes are
located in the region known as Sul de Minas. In this report we shall
use the word community in two slightly different ways. One use will
refer to the direct translation of the word comunidade from the
Portuguese; the other use will refer to a grouping of individuals

who live in the same geographical area and interact more frequently
with individuals within the community than outsidc the community. Thus
in this sensc we shall also refer to the dairy farmers living in the
township of Concecicao as a Y'community." It should be noted that the
data collected in Phase Il of the Brazil Diffusion Project was based
on the Portuguese mcaning of the word comunidade.
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as follows: percent of farmers with running water in their houses
(.934), percent with a bathroom in the house (.940), percent with

electricity (.909), and the percent owning a radio (.935).

O Phase || data, July, 1966
o Phase 2.8 data, July, 1967

Trés Coracdes Conceicdo do
o) o °* \‘ /Rio‘Verde
o O o 0 o) @0 (&)
OO0 0 OO0 (o] (o] 0] o] (o] o O
L i | ] L | | 1 1 | ]
0 20 4o 60 80 100

Conmunity economic development index, average percent

Figure 3.3 Economic developmeznt of 21 rural communities in Minas

Gerais, Brazil. The community development index is computed as the

average of the percentages of farmers possessing piped water, inside
toilet, electricity, and radio.

The Farmer and His Dairy Operation

In this section we expand our first impression of Conceiggb as a
farming community by looking more closely at the general characteristics
of an average farmer and his dairy farming operation (see, for example,
Figure 3.4). Table 3.1 summarizes some of the demographic and general
characteristics of the average dairy farmer in Concei¢do as compared
with the dairy farmers in Tr@s Coragﬁés and with dairy farmers and
nondairy farmers from the Phase |l sample. Thus the typical farmer
in Conceiqu is 46 years old, has a family of six besides himself and
an average of three children less than fifteen years old. He has had
at least some secondary schooling (an average of 6.6 years total of
schooling). Probably what is most important for the diffusion of

Innovations through the community is that about 7 percent of the
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TABLE 3.1 Demographlcﬂand Economic Characteristics of Farmers in
ConceigBo do Rio Verde, Tréds CoragSés and Other Communities
in Minas Gerais

The numbers In the table represent percent of respondents except where
indicated,

Conceiqﬁb do Trés Phase |1 Phase ||
Rio Verde CoragGes w/ Cows w/o Cows
Characteristic N =" N = 46 N = 816 M = 49]
Age
Mean (years) C e e 46 47 L5 43
Length of residence
in community
Mean (years) C e e e 27 25 (NA) (NA)
Standard devi-
ation (years) . . . . 18 16 (NA) {MA)
Length of time as a
dairy farmer
Mean (years) C e e 20 18 (HA) (NA)
Standard devi-
ation (years) . . .. 1 14 (NA) (NA)
Family Size
Hean (number
of members) . . . . . 6 6 (NA) (NA)
Education
Mean (years) D e 6.6 . 4.3 1.2 0.9
None e e e e e e ] 4 128 282
Primary (1-3) - . . . . 1 39 87 71
Primary (4-5) e e Lo 35 ] ]
Secohdary {(6-9) . . . 33 i3 %* -
High (10-12) c e 8 7 - -
University c e e e 7 2 - -
Percent who attended
an agricultural school 5 0 (NA) (NA)
Literacy (reads 80% of
words correctly) .. 39 83 67 44

Trips to cities (one or
more trips to Belo
Horizonte, Rio de b
Janeiro or S8 Paulo - b2 26 61 42
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Concelcdo do Trés Phase ! Phase 11|
Rio Verde Coraqﬁbs w/ Cows w/o Cous
Characteristics N = 97 N = 46 N = 816 N.= 48]
Land ownel _
Mean (hectares) 164 190 98 21
Median (hectares) 120 100 L8 5
Loans for dairy farming ~
operation {onc or
more during last
five years) c c
Any source 34 50 60 25
Bank . . . . . 25 30 33 185
ACAR - 15 27d 8d
Friend . . .« . . 13 9 4 6
I ncome
Median (gross in US$) £2200 $1300 $700 $350
Less than US$350 8 9 17 53
Over USS$3500 37 17 7 1
Level of Living
Wood or tile floors 98 96 79 L9
Water pired into house 89 78 53 19
Toilet in house 88 59 L2 13
Water filter 87 76 74 38
Radio . . . . . . . . 87 98 78 36
Agricultural machines 86 78 66 24
Electricity 78 61 I 14
House in town 69 Ly 27 15
Motorized vehicle 67 33 21 5
Television set .. L6 20 6 2
NA Not available. * Less than 0.5 percent. - Represents zero.
9These distributions for years of education for the Phase || communities seem

seem suspiciously low. In Phase 2.5, during which 317 of the Phase ||
respondents were relinterviewed, 14 percent reported attending school
L or 5 years, and 3.l percent reported attending school 6 or more years.

bCity of over 40,000,
Cever recelved a loan for farm.

d
Source to which request for most recent loan was made.
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farimers have had some uni;ersity education and S’percent have attended
an agricultural school. The litera;y rate is high--89 percent. The
farmers can be considered relatively cosmopolitan in view of the
fact that 42 percent had visited $56 Paulo, Belo Horizonte, or Rio
de Janelro during the nprevious year. The typical farmer (median)
owned 120 hectares of land --one hectare equals 2.47 acres.
Thirty~four percent of the farmers reported taking at least one loan
during the previous five years. The median gross Income for Conceiqsb
dairy farmers came out to be US$2200, a little less than double that
for the dairy farmers in Trés Coraqus. Inspection of the levcl-of-
living vartables in Concclqat indicates a relatively high standard
of living. Among other things, 69 percent of the farmers own
houses in town--generally regarded as a significant status symbol
among the rural farmers in thc interior of Brazil, and 26 percent
reported owning a television set. The general conclusion after
reviewing this table is that the dairy farmers in Conceigdc are a
relatively prosperous group of individuals. Similarly the data in
Table 3.2 Indicate that the farmers in Conceing have made a somewhat
greate;\shift from animal power to mechanized power for their farm
vehicles than have the farmers in Tré&s Coragaés. The data in Table
3.3 indicate that the farms in ConceIQEQ were somewhat more advanced
in their adoption of stable improvements than were the farmers in
Trés CoragCes. Unfortunately, data on farm vehicle ownership
(except for data in Table 3.1) and on stable improvements were not
available for the Phase || communities, so no comparisons could be

made with respect to these farm characteristics.
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TABLE 3.2 Farm Vehicles Owned by Farmers in ConceIQSb dé Rio Verde

and Tr@s Coragﬁés

Percent owning at least one vechicle.

Concel¢d0o do Trés
Rio Verde Coragbes
Vehicle N =97 N = 46
Horse cart e e e e e e e e 22 15
OX cart . v v o v v v v e e e e 7 61
Pick-up truck . . . . . . . . e 30 11
Truck (full-size) . .. .. 22 -
Tractor . . . v v« 0 v . . 24 R
(o 33 20
- Represents zero.
TABLE 3.3 Stable Improvements in Conceiqab do Rio Verde and
Trés Coragdes

Percent of dairy farms having improvement.

Concelggb do Tres

Rio Verde Coragoes

Stable improvement N =97 N = 46
Calf pen e e e e e e e 88 59
Covered corral . . . . . « « . . 87 72
Feed trounh in corral .. 81 gl
Divided corral . . . . . . « .. 72 67
Water in corral . . . . . . 61 50
Concentrate trough in stable 61 54
Stable floor of rock or cement 56 39
Bull pen e e e e e e e e 33 11

Table 3.4 contalns important summary data on dalry herd size and

mill production on dairy farms in Concelg%b, Trés Cora¢5es, and the

Phasc i communities. The dairy cows in ConcelQSb were about 5

percent more productive in terms of milk produced per year by an

average cow than were the cows in Trés Coragbes and approximately 57
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percent more productive tﬁén were the dairy cows In the Phase |l commun-
Ities. Flgure 3.5 is a plot of Lorenz curves which show the degree

of concentration of dairy cow ownership in ConchQSb do Rio Verde

and Trés Coragﬁés. As can be seen from the two curves, ownership of
dairy cattle Is more evenly distributed in Conceiqﬁb do Rio Verde

than in Trés CoragSés.

Technological Change in Dairy Farming: The Innovations

In addition to the normal problems of dairy farming, dairy
farming in the tropical regions has iis own special problcms (Hodgson
and Reed, 1961). A number of factors influence an animal's production‘
of milk, including breed, size, age, gestation, lactation period,
dry period, ambient temperature, feed, frequency of milking, method
of m{lking, and general health. In general, the recommended practices
for combating the factors which would reduce quantity of milk production
fall under three general categories: breeding, feeding, and general
care.

Although this is not the place to go into a detalled technical
discussion of dairy farming, nevertheless it is useful to review the
characteristics of the various practices that are currently diffusing
among the dalry farmers in Minas Gerais. The characteristics of an
innovation obviously effect the rate of its diffusion through a

community (cf. Rogers, 1962, pp. 121-47).

Breeding
Improvement In breeding dairy herds Is currently receiving much
emphasis from dairy farmers as a way to increase milk production. Many

of the cattle In this section of the country arc the '"common' varicty
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TABLE 3.4 Dairy Herd Size and Milk Production in Conceiggé do gio Verde,
Trés CoraQSEs, and Other Communitics in Minas Gerals®

{onceicGo do Trés Phase 11
Rio Verde Coraqus communithww
I tem N = 97 N = 46 N = 78"
Dairy cows per farm
Mean e e e e e e L2 35 (NA)
Median e v e e e e e e e Lo 20 (NA)
Dairy cows in lactation
per farm
Mean e e e e e e e e e 29 23 11
Median e e e e e e e e e 27 15 9
Percent of year average cow
is in lactation Ce 67 63 58
Average liters of milk per .
cow per year e e e e 1240 1180 790
Daily milk production per
farm during wet season
(liters per farm per day)
Mean e e e e e e e e 151 132 517
Median e e e e e e e 120 60 30
Daily milk production per
farm during dry season
(1iters per farm per day) .
Mean e e e e e e e e e 134 94 35
Median e e e e e e e e 100 45 20

NA Not available.

For purposes of comparison the following data are included for the state
Michigan. The average dairy herd size is 35 to 40 cows. The average

cow is in lactation 83.5 percent of the years (305 days) and produces
4250 liters of milk per year (9600 pounds per year). Conversion factors:
1 liter equals 1.057 liquid quarts and | quart eaucls 2.1 pounds of

milk. (Personal communication with Dr. Peter Spike, Department of

Dairy, Michigan State University, November, 1968.) The average milk
production figures per head for the entire deciry herd in the United
States are as follows: 2200 liters (5300 pounds) per cow per year in
1950, and 3000 liters (7000 pounds) per cow per year in 1964, (Calculated
from data appearing in U, S. Bureau of the Census, Pocket Dara Book,

USA 1967, December, 1966, p. 227.)

bOLher tables in this chapter give an N of 816 for the number of dalry
farmers in the Phase Il sample. The N of 787 reported in this table




TABLE 3.4--Contlinued

excludes 29 farmers who gave ambiguous or inconsistent answers to four
questions dealing with herd size.

CRased on an N of 780 which excludes 7 farmers who owned more than 99
cows but who were coded as owning S9.

dCalculated as the average number of dairy cows in lactation per farm
divided by the average total number of dairy cows per farm. Since the
data on the average number of total cows were not available for the
Phase |l communities, the figure of 58 percent entered above was
calculated using data from Hattoso (1966, p. 4). He reported that cows
in lactation comprised 27.1 percent of the total dairy herd (which
Included bulls, calves, ctc.) in the milkshed of Belo Horizonte and
that cows not in lactation compriscd 19.8 percent of the dairy herd.

Ctalculated as the average daily milk production per farm (the average
of the wet and dry season production figures) divided by the average
total number of cows per farm and multiplied by 365 days.

fMattoso (1966, p. 3) reported a figure of 806 liters per cow per year
for cows in the milkshed of Belo Horizonte. This is very close to the
figure given in the table above. The comparable {figures for cows in
the milkshed of S$36 Paulo and Rio de Janciro were reperted as 866
liters per cow per year and 1171 liters per cow per ycar respectively.

which means that they have not been selectively bred. There are two
important pure-bred breeds which are beginning to play a major role
in Brazllian dairy farming. These are the Zebu, imported from India,
and the.Dutch, imported from Holland. The Zebu breed, although it
produces less milk than the Dutch breed, nevertheless has the advantage
of being much mure resistant to tropical diseases and parasites. The
Dutch breed produces more milk but requires better care than does the
Zebu or common breed.

The common way for a farmer to Improve his dalry herd Is to purchase
or borrow a pure-bred bull. Only a very few farmers were using

artificial Insemination In developing their herds. As has been
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mentioned, In 1967 the federal ministry of agricﬁlture opencd an
artificial insemination center in Tr@s Corag¢Ses for the purpese of
introducing the practice and providing the necessary supplics and
technical assistance to the farmars of the rcgion. The author under-
estimated the importance of better breeding practices and thus neglected

to include any questions about them in the Phase 2.8 questionnalre.

General care

Improved practices are being introduced in the arca of general animal
care, pest control, and inoculation egainst cattle discases. The
Phase 2.8 questionnaire asked about nine diffcrent practices that
might be categorized under general curc: maintenance of milk production
records, two milkings per day, vaccination against hoof and mouth
discase, umbilical cord trecatment for calves at birth, vaccination
against brucellosis, vaccination of calves against "yearling sickness,"

grub control, a worm control, and use of tick pesticides.

Feedling

Some»of the main efforts which are directed at increasing the levels
of mi]k.production are being made In the area of Improved feeding and
nutritional practices. The Phase 2.8 questionnaire asked about four
different feeding practices: silos, forage grass plots, mineral salts,
and commercially prepared feed concentrates. Minera! salts provide the
datry cows with the necessary nutrients which may be missing from
naturally grown feed. Commercially prepared fced concentrates are a
‘relatively expensive way to provide a complete wgairy food ration.
The remainder of this section will discuss in greater detall the use of

silos and forage grass plots. For rcasons to be explalined later,
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SINDI 2 was applied to simulating the diffusicn of silos and forage grass
plots among the dairy farmers living in Conceiggo.
Dairy farmers in this region have long been faced with the problem

of the dry scason. As shown in Figure 3.6, this reglion has two

oo -
300 -’/
Rainfall mm, 200 -
100 -~
o LN A1
JFMAMJJASOND
Month
Figure 3.6 Average monthly precipitation. This figure is based on a

ten year average for Cambuquira, a township adjacent o both Tr&s Coracoes
and Conceicao do Rio Verde. The average annual rainfall totaled to

1625 mm. (Mundim, 1966, p. 2).

distinct seasons, & wet season and a dry season., During the dry season
the pasfures turn brown and the farmers lose their natural source of

feed for their dairy herds. There are three recommended solutions

to the problem of providing feed during the dry season (see Figure 3.7):
the use of a forage grass plot alone, the use of a forage grass plot in
combination with a silo, and the use of a silo alone. The combination

of the silo with the forage grass plot is considered by agricultural

technicians to be the best solution, One problem with depending only

on a forage grass plot is that during July and August there is the danger of
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Figure 3.7 Thrce Approaches to Providing
Feed During the Dry Scason
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frost which can quickly kill the forage grass and leave the farmer
without adequate feed for his herd. To rely solely on silos would
require a caplital Investment great enough for constructing silos of
sufficlent capaclty to provide feed for the entire six;month.dry season,
In spite of the danger of frost, some farmers prefer relying solely on
a forage grass plot because they do not want to make the additional
capltal Investment required to construct a silo.

When a farmer adopts a forage grass plot, he obviously Incurs certain
capital and labor costs. The labor costs for preparing a one hectare
forage grass plot sufficient to support 10 cows during the dry season
are summarized ln Table 3.5. It can be seen that the labor required
depends very much on the degree of mechanization available. The capital
costs for constructing a forage grass plot itself are minimal. A
farmer can usually obtain free the cuttings which he needs to start
his own grass plot. The usual source is a neighbor's plot or a
government-sponsored field. After preparing the grass plot most
farmers enclose it with a fence in order to keep out stray cattle. This
may require a capltal outlay for fencing materials.

TABLE 3.5 Labor Requirements to Construct a Forage Grass Plot of
One Hectare

In man-hours.

Tractor Animal
Task and plot and plot Hoe
Land preparation e e e 6 32 160
Pla ting with hoe . . . . .. 60 60 60
Tota] . LI} . . ] . LI} . . 66 92 21{0

Source: Adapted from Nunes and Machado (1965, p. 2).
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When a farmer adopts a silo, he also incurx capital and labor
costs. Four different types of silos requiring varying amounts of
capital_Investment are shown in Figure 3.8: the unimproved trench
silo, the improved trench silo (with walls of concrete or stone and a
roof), the cistern (or subteranean) silo, and the hillside silo.
Most adopters of the silo in Conceiggb were using the cistern silo
although a few farmers with larger herds were using the hillside silo.
Most adopters in Trés Coragﬁés were using the trench silo although many
of them had switched to the cistern silo because they found that there
were fewer problems of spoilage. In Trés CoragG&s there appear to have
been two waves in the diffusion of silos. The first wave consisted
of the unimproved silo which required a very low capital investment.
Most farmers did not consider the unimproved trench silo as a trial
before adopting an improved version. Rather, at the time of adoption,
they considered that they could be using the unimproved version for
the foreseeable future. Then once the farmers had adopted the practice
of using silage and noticed that much of the silage was spoiling because
of excessive moisture and exposure to air, many began switching to the
cistern silo, which was more costly to install but gave better results.7
The capital investment required to build an improved silo (as shown

in Figure 3.8 b-d) is relatively high. An improved trench or cistern

7The trench silo pictured in Figure 3.8 was actually constructed
under the supervision of the ACAR Supervisor to be used as a demon-
stration at the agricultural fair in Tres CoracBes. However, during the
two months between the construction of the silo and the opening of the
fair, the supervisor had noticed a general disenchantment with the trench
silo on the part of many adopters and a shift to the cistern silo.
Therefore, he did not make the trench silo an active display at the fair.
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silo of 25 metric tons costs about US$600. This capacity will support
10 cows_for 2 to 3 months during the last part of the dry season. In
addition, it usually Is necessary to purchase a motorized chopper
which shreds the grass before it is put into the silo. Depending on
its size, a motorized chopper can cost the equivalent of an additional
several hundred U. S. dollars. Often a smaller farmer will either
rent a chopper or cooperate with other farmers to purchase a chopper.
Once the forage grass plot and/or silo have been constructed the
farmer must allocate labor to harvest, prepare, and distribute the
forage/silage during the dry season. The labor requirements to
prepare feed from one hectare forage grass plot are summarized in

Table 3.6.

TABLE 3.6 Labor Requirements to Prepare Feed from Forage Grass

These figures are based on average forage grass yields of 40 to 60

metric tons per hectare depending on soil conditions, weather conditions,

use of fertilizer. The preparation times to harvest one hectare of

corn (25 to 35 metric tons) and one hectare of sorghum (50 to 70 metric

tons) would vary proportionately.

. Man-hours
Task | per hectare
Four harvestings with hoe per year e e e e e e e 120
Transporting a distance of 100 meters .

from field to preparation site C e e e e e e e e e 100
Chopping the forage grass with a one

horsepower motorized chopper e e e e e e e e e 200
Filling silo (with complete harvest) e e e e e e e 60
Distributing forage or silage to

feeding trough e e s e e e e e e e e e e e 50

Source: Adapted from Nunes and Machado (1965, p. 21).
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Sources and Channels for Innovatlion Information

In this discussion no major distinction is made between channels
and sources. In one sense sources might be used to refer to personal,
face-to-face sources of information about Innovations, while channels
would refer to the mass media channels of Innovatlon Information.
Thus, the ACAR agent would be considered & source while a radio
program would be considered a channel. But in ahother sense, the
ACAR agent could be considered a channel of information which originates
in a research station and is channeled down through the formal organ-
zation to the client farmers. In general, we will use the terms
Msource'' and ''channel'' somewhat interchangeably.

The farmers in Conceigﬁb cited a wide variety of different sources
and channels carrying information about the varifous dairy innovations.
A summary of the percentages of farmers who obtain information from
each of fifteen different channels is found in Table 3.7. For
comparison, the percentages of farmers who said during the Phase [I
interviewing that they usually received agricultural news from various
sources are summarized in Table 3.8.

A Lrlef description of each of these channels follows. The
channels can be divided Into four main groups: mass media, technical
experts and commercial agents, miscellaneous institutional sources,
and farmer interaction. The channels are discussed In order of their

remoteness from the receivers.

Mass media
In Phase 2.8 each farmer was asked about the extent of his exposure

to the mass media in general and to specific channels carrying information



TABLE 3.7 Gereral Information Sources Cited by Farmers in Concei¢3o do
Rio Verde and Trés CoragSés for Four Dairy Innovations

In percent of farmers citing general source,

Forage
grass Hineral Tick
Silo plot salts spray
General source CRV TC CRV TC CRY TC CRV TC
Farmers in same neighborhood 77 74 68 65 71 70 74 72
Farmers in same township . . 79 63 72 54 60 57 75 50
Farmers outside township . . 65 62 48 54 35 63 34
Agricultural magazines . . hg 33 57 I 52 33 46 37
Newspapers . . . ., . . . . e 20 ks 22 42 20 32 22
Folders and brochures .. by 49 52 54 Ly 48 39 4
Radio programs . ., . . . . 31 22 29 26 313 2b 24
Fairs e e e e e e 30 15 L 20 35 7 28 13
Technical experts® . . . . 30 28 37 33 27 17 26 20
Store or cooperative . . . 24 17 8 13 Lhg 48 g 37
Commercial agent ., . . . . 1115 9 9 55 26 3L 22
Special meetings . . . . . 10 20 28 26 10 o 14 17
Agricultural school C e 10 7 18 13 10 4
ACAR agent . ., . . . ... 6 48 6 59 L 4y 4y
Other e e e e e e 4 7 3 4 6 - 5 7

- Represents zero. CRV Conceicdo do Rio Verde (N = 97) .
TC  Tr@s Coragles (N = 46).

¥From organizations other than ACAR.

relevant to dairy farming.

Table 3.9 summarizes the number of times the farmer reported reading
(or having read to him) metropolitan newspapers during the previous
month., Table 3.10 summarizes the extent to which the farmers were

exposed to the weekly agricultural page carried in most metropolitan
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TABLE 3.8 Usual Sources of News about Agriculture as Cited by Farmers
- Living in Communities with Extension Agent (Phase |1 Sample)

In percent-of farmers citing source.

Farmers Farmers
with cows without cows
Source - Channel N = 816 N = 491
RADIO v v v v v v e e e e e e e e 74 hg
Neighbors . . . « « « v v v v o o 63 55
ACAR bulletin . « « + « « v v « & 51 25
Agronomist or veterinarlan . . . . L5 19
Magazines . + « « o o o o o e e e Lo 18
NEWSPaAPErs « « » « o o o o o o o & 37 19
Television . . « « v v v « o v o 7 3
TABLE 3.9 Newspaper Reading by Farmers in Conceicao do Rio Verde and
Trés Coragdes )
In percent of farmers reading newspaper.
Conceigao do Trés
Rio Verde Coracles
Frequency of newspaper reading N = 97 N = b6
NONE v v v e ¢ ¢« o o o o v o o o s 20 54
1-10 times per month . . . . . .. ‘ 25 28
11-20 times per month . . . . . . . 15 §
21-30 times per month . . . . . . . Lo 14

newspapers. Table 3.11 indicates the extent to which farmers In'Concelgﬁo
and Trés Corag6es read agricultural magazines in general. fable 3.12
summarizes the extent of exposure to specific agricultural magazines
which were carrying information concerning dalry farming. Tables
3.9 to 3.12 indicate that the farmers in Concelgga are considerably
more exposed to the print media than are the farmers in Trés CoraQBes.

As indicated in Table 3.1, approximately S0 percent of the respondents

reported ownling a radio. Fifty-nine percent of the respondants in



TABLE 3.10

In Conceiqﬁb do Rio Verde and Trés Coraqﬁbs

Exposure to the Agricultural Page in Newspapers of Farmers

In percent of farmers.

Conceicdo do Trés
Newspaper Frequency Rio Verde Coragdes
(City) of exposure N =97 N = L6
Jornal do Brazil Never . . . 78 94
(RTo de Janeiro) Some issues . . 2 -
Most issues . . 20
Correio da Manh& Never . . . . 80 96
(Rio de Janeiro) Some issues . .. 10
Most issues . e 10 -
Estado de $Ab Paulo Never . . . 78 83
(Sao Paulo) Some issues . . 13 13
Most issues . .o 9 4
Estado de Minas Never . . . .. 69 85
{(Belo Horizonte) Some issues . . e 9 1
Most issues . . 2 4
Other newspapers Never . . . 56 98
Some issues . . h 2
Most issues . o . - -
- Represents zero.
TABLE 3.11 Agricultural Magazines Read by Farmers in Conceigao do
) Rio Verde and Trés Coragdes
In percent of farmers.
Conceicdo do Trés
Reading frequency of Rio Verde CoraqSés
agricultural magazines N =97 N = 46
Never « « « « « « « o e e e e 27 39
Occasionally . . . « ¢« « v v v v 33 i
. Lo 20

More or less regularly
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TABLE 3.12 Exposure to hgricuttural Magdzincs of Farmers in
ConCC|cao do Rio Verde and Tr€s Conagoes

in percent of farmers.

Concelglo do Trés

Frequency Rio Verde Coraq0ﬂ
Hagazinca of exposure : N = g7 L6
Revista dos Criadores Never . « « « « « 55 61
(S50 Paulo, 1830) Some issues . . . . 30 30
Most issues . . . . 15 9

Subscription . . . 10 7
0 R“IPIISEEP Never . « « o« o o 62 85
(Juiz de Fore, M.G., Some issucs . . . . 20 9
1963) Most issues . « . . 18 6
Subscription . . . 13 4

0 Dirigente Rural Never « « « « « + o 67 83
(5% Paulo, 1960, Some issueS . . . . L} 10
incorporating Most lssues . . . . 19 7
ﬁ,ﬁﬂfﬁﬂﬁﬂ) Subscription . . . 16 b
A Realidade Rural Never . « « « « « & 78 83
(Belo Horizonte, Some issues . « .+ . 1 13
1956) Most issues . .« . . 11 4
Subscription . . . 7 2

Coopercotia Never . « « « « & & 79 87
_—TEEE—FEUTb, 1943) Some Issues . . . . 9 11
Most issues . . . . 12 4
. Subscription . . . 7 7

e

Sitios e Fazendas Never « « « « « o & 74 85
(NA) Some issues 23 11
Most issues . « . . 5 L

Subscription . . . 4 -
Selecbes Agricolas Never . « « « « « & 87 85
(Rio de Janeiro, Some issues . . . . 11 15
1946) Most issues « « « - 2 -

Subscription . . . 2 -



TABLE 3.12--Continued

In percent of farmers.

T Concelgdo do Trés

s Frequency Rio Verde Coraqaés
Magazine of exposure N = 97 N = 46
Boletim da ACAR Mever . . . . . . . 88 61
(Belo Horizonte, Some issues , . . . 10 26
NA) Most issues . . . . 2 13
Subscription . 3 4

Boletim da Nestl1é Never . . « v v « . 90 L8
(S@o Paulo, 1966) Some issues . . . . 8 22
Most issues . . . . 2 30

Subscription . . . ] 22

Other magazines Never . . . . . . . 98 100
(Boletinm do Canpo, Some issues . . . . ] -
Correio Agro, Most issues . . . . ] -
Pecudrio da Acugau, Subscription . . . 2 -

Chicaras e Quintais)

~ Represents zero. NA Not available,

®Information in parentheses indicates city of publication and date of
first issue.

bEven though 0 Ruralista has the format of a newspaper, it is treated
as an agricultural magazine because it deals almost exclusively with
agricultural matters and is published bimonthly.

Trés Coragﬁes reported I[stening at least one hour per day to the radio.
More important to the study of innovation diffusion is the frequency
with which farmers listen to programs carrying information about new
farming practices. Very few radio programs and virtually no television
programs carry agricultural information. The one agricultural program

most frequently mentioned by the respondents was the Farmer's Hour which

at the time of data collection was being broadcast for one half hour

during the early evening six days a week. The pregram was founded
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In 1936 and has been produced since that time by.tha same man, Jo80
Anatolio Lima, Agricultural Engineer. The producer estimated that the
program on the average receives abogt 1000 letters a year. A sample
script from one of the programs is found in Appendix A. The distribution

of frequencies of listening to the Farmer's Hour is found in Table 3.13.

TABLE 3.13 Frequency with which Farmers in Concelc8o do Rio Verde
and Trés Coragaés Listen to the Farmer's Hour

Percent of farmers

Probability Conceigdo do Trés

Frequency of of listening Rio Verde CoragBes
listening to a program N = 97 N = 46
Never « « « v v o o 0.00 . . . .« . . 25 24
Rarely . . . e 0.05 . . « v ¢« « 25 39
Several times per month 0.10 . . C e e e N 13
One time per weck . 0.20 . . . . 13 5
Several times per week 0.50 . + .« .« o .. 12 13
Most programs . 0.80 . . . . . .. 6 2
Daily « « « « « & 0.95 « v « v v s 8 4
Total « « « « « « 100 100

3Broadcast by Radio Inconfidéncia, Belo Horizonte.

The ACAR supervisor in Trés Cora?Sés reported that he produced a
weekly fifteen minute radio program which was broadcast by the local
station. However, the Phase 2.8 questionnalre did not specifically
ask about this program, and none of the respondents mentioned it when
they were asked ''Do you listen to some other program about agriculture?"

According to Table 3.7 approximately half of the farmers in both
communities reported acquiring information about silo and forage grass
plots from folders and brochures put out by various organizations. Field

observation indicated that ACAR, the Nestle Corporation, the state
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department of agriculture, the federal department of agriculture, and
the agricultural colleges in Vigosa and Lavras had dist;ibuted mos ¢

of these folders. Some of the folders were distributed through sub-
projects of the Project on Agricultural Commercialization in Minas Gera
which was started in the early 1960's through a Joint agreement between
the state and federal departments of agriculture, the universities at
Belo Horizonte and Vigosa, ACAR and USAID. Some folders were also
distributed by the various commercial firms selling products

for use by dalry farmers. The ACAR agent in Tr@s CoragBes indicated
that the folders were available at this office and that he would hand
them out at special group meetings. Table 3.14 indicates that
relatively few farmers had read the ACAR folder ""Forage Grass Plot
Makes the Difference," which urged farmers to adopt the use of a forage
grass plot. However, this was one of several folders which dealt vith
forage grass plots and silos and had been distributed at various times
and places. In general, it was not possible to determine exactly

where and when various folders dealing with forage grass plots and
silos had been distributed.

TABLE 3.14 Exposure to the Folder A Forage Grass Plot Makes the

Difference’ to Farmers in Conceiggb do Rio Verde and
Trés Coragﬁés

is

In percent of farmers.

Concelng do Trés

Rio Verde Coragaés

Exposure N =297 N = 46
Never seen . . ., . ., ., ... ... 73 57
Has seen . . ., ., ., ... ... . 16 15
Has read . . . ., ..., .. . . 11 28




93

-

Technical experts and commercial agents

in addition to entering the community via the mass media, information
about agricultural innovations enters via technical experts and
conmercial agents who have contacts with farmers in the community.

Tables 3.15 and 3.16 summarize the degree of contact which farmers
reported having with technical agents. Since neither ACAR nor the
Nestle Corporation have technical experts working In Conceigﬁ&, it is
not surprising that the farmers there reported little contact with
them., The farmers in Conceigﬁb reported approximately the same degree
of contact with the technical experts of the state department of
agriculture as did the farmers in Trés Coraggés but somewhat less
contact with veterinarians. There were three veterinarians working
TABLE 3.15 Frequency of Contact with the ACAK Supervisor of Farmers

in Conceiqﬁb do Rio Verde, Trés Coragﬁes, and Other
Communities in Minas Gerais

A
In percent of farmers in contact with ACAR supervisor.

Number of Conceiqao do Trés Phase || Phase 11
contacts in Rio Verde Coragﬁés w/ cows w/0 cows
past year N = 97 N = b6 N = 816 N = 492
0 v v v e e e e e e e e e 95 43 28 64
1=5 & v v e e e e e e e e s - 13 35 24
6-10 . v . e e v e e e e 5 11 12 3
11220 & v v ¢ ¢« o o o s s - 20 12 5
20F « 0 0 b e e e e e e e - 13 12 L

- Represents zero.

in the region surrounding Concei¢3o and Trés Coragoes. Two veterinarians
connected with the state department of agriculture had offices in
Caxamb@i and Cambuguira but also served Concelgdo and Trés CoragGes

respectively. A veterinarian who represented the federally sponsored
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campaign to control heoof and mouth disease, tubereulosis, brucellosis,
and rabies maintained an office in Trés Coragaés. Thus the farmers in
Tres Coragges had somewhat greater opportunity to Interact with a
veterinarfan than did the farmers in Conceiqﬁb.

TABLE 3.16 Frequency of Contact with Other Technical Experts by
Farmers in Conceigsb do Rio Verde and Trcs Coragaés

-——

In percent of farmers.

State dept.
Veter- of agri- Nest1é

Number of inarian culture Corp. Other”
contacts in - — e e
past ycar CRV TC CRY  TC CRV TC CRV  1C

O . v v v v v v e e e e 8h 67 82 78 97 70 g0 91

1-5 . v v v v v 0 e e 6 26 6 13 3 15 & 5

6-10 . v o e e e e 3 3 L 2 - 7 - 2

11-20 . . v v v v v v 3 2 3 2 - b ] 2

2 h 2 5 5 - L 1 -

- Represents zero. CRV Conceiqﬁb do Rio Verde (N = 97).

TC Tr8s Coragoes (N = L6).
Private; Companhia Agricola Minas Gerais, S.A. (CAMIG); Federal department

of agriculture; Bank of Brazil. The percentages for these other sources

might have been higher if the sources had been specifically asked about.

The‘Nestle Corporation opened a milk processing plant in Trés
Cora§3és in 1956. In 1967 Nestle was buying milk from approximately
2000 producers located in the following townships: Trés CoragGes (350),
Lavras (215), Oliveira (280), Machado and Alfenas (230),Bom Sucesso (200),
Campo Belo (400), aﬁdParalsopolis (180). Extension agents from Nestlé
worked in each of these townships. The supervisor of the agents said
that each agent tried to visit each producer at least once a year.
Through lts agents Nestlé made available to Its producers technical

advice, cuttings for forage grass, vaccine for hoof and mouth disease,
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and assistance in silo construction plus limlted credit, OF the 46
respondents in Trés Coragaés, 36 respondents (78 percent) reported
that they sold thelr milk to Nestl1é. However only 30 percent of the
respondents reported any contact with the Nestlé agent during the
previous year. The supervisor at Nest1é reported that the agent for
Trés CoragS&s had not been able to contact all producers because
there were so many there.

Farmer contact with traveling sales representatives from the major

chemical and pharmaceutical companies is summarized in Table 3.17.

TABLE 3.17 Frequency of Contact with Commarcial Agents by Farmers in

Conceicio do Rio Verde and Trés Coracdes
§ i

In percent of farmers.

Number of Sivan Pfizer Squibb Other®
contacts In

past year CRV TC CRV  TC CRY TC CRY TC
o 67 92 76 85 85 9k 70 83
| Kt S 28 6 22 7 14 L 20 1
6-10 . . . o e e e e e L - 2 L - - 8 L
1120 .« v v v v v e e 1 2 - 2 1 2 2 2
20+.""!loo-n- - - = 2 - - - -
- Represents zero. CRV Conceiqu do Rio Verde (N = 97).

TC Trés Coragdes (N = 46).

aBayer, Sambra, Rhodia, Tortuga, Ertap, Lepetit, Couper, Shell,

Micalvita, Provine, |.S.A. Most all of these companies including

Squibb, Pfizer, and Sivan had regional offices in S50 Paulo. Many had

offices in Belo Horizonte.

These representatives generally were selling mineral salts, grub and
tick pesticides, vaccines, and medicines. Thus, In Table 3.7 it is not

surprising that commercial agents were cited much more frequently as

sources of iInformation for mineral salts and tick spray than for silo and
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forage grass plot. Approximately 10 percent of the farmers mentioned
the commerciai agents as information sources for silo and forage grass

plot.

Miscellancous sources

Farmers also rcported securing information about dairy innovations
from the following sources: agricultural fairs, commercial stores and
cooperatives, meetings about the practices, and agricultural schools.

According to Table 3.7 an average of 38 percent of the farmers in
Conceigﬁb and an average of 18 percent in Trés CorafSES mentioned fairs
as information sources for the four innovations. The nearest fair for
farmers In Conceing was the Caxamb{i fair which had been held annually
for about 20 years. Tré&s Coracoes held its first fair in 1966; prior
to that, farmers would most frequently attend the fairs in Lavras or
Caxambl. Seventy-two percent of the U6 respondents in Trés CoragSEs
reported attending the Trés Coraqaés fair in 1966. Attendance at
fairs in Lavras and Caxambl is summarized in Table 3.18. Figure
3.9 indicates various ways in which a fair can Influence farmers to
adopt improved farming practices.

Commercial stores and cooperatives were the socurces for purchasing
many of the inputs for dairy farming so it is natural that farmers would
also cite these as sources of Information. As In the case of commercial
agents, the stores and cooperatives were more frequently cited as
Information sources for products such as mineral salts and tick spray
than for practices such as using a silo or using a forage grass plot
(see Table 3.7). Respondents reported visiting a store or cooperative

an average of 25 times per year.
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TABLE 3.18 Attendance at Agrncultural Fairs by Farmers in Concel a0
do Rio Verde and Trés Coracoes

In percent of farmers. Respondents also reported infrequent attendance at

fairs in Alfenas, Pouso Alegre, Belo Horizonte, Varginha, Cruzeiro,
Sao Paulo, Uberaba, Sete Lagoas, and ltajuba,

Number of times Caxambu fair Lavras fair
attended fair in ——— st s
last nine years CRV TC CRV  TC
O v v v v e s e e e e 15 72 89 72
1=3 o s e e e e e e e e e e .. 51 15 11 214
b=6 . . . o s s e e e e e, 9 L - 2
759 « o e e e e e e e e e 43 9 - 2

- Represents zero. CRV Concei?Sb do Rio Verde (N = 97).
TC Trés CnraFGés (N = 46).

An average of 15 percent of the respondents in Conceiqﬁb and 18

percent of the respondents in Tres Cora§5es reported obtaining information

at special meetings concerning the four different practices. It was
not possible to obtain specific information on the nature of these
meetings. Sometimes the extension agent would hold small group
meetings at which he would demonstrate either how to use a practice
or the results of a practice. One farmer in Conce1936 recalled a
meeting held in 1959 in Caxamby during which a high official in the
state department of agriculture discussed new dairy farming practices.
Approximately 12 percent of the farmers in Conceiggb énd 7 percent
of the respondents in Trés CoragSés mentioned agricultural schools as
sources of information ahout dairy farming practices. Seven percent of
the respondents in Concei?gb reported attending an agricultural school
as students while none so reported in Trés CoraQSEs. Thus some
respondents may have obtained Innovation information while they were

students; others must have obtained information through visits to
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agricultural schools. The nearest agricultural! college was located at

Lavras, about 45 miles from Tres Coragﬁbs.

Farmer interaction

The most frequently cited sources of Information about new practices
were other farmers, as indicated in Table 3.7. In this table sources
were divided into three categories according to whether they lived In
the same neighborhood as the respondent, in the same township, or outside
the township. In Conceing an average of 73 percent of the farmers
clited other farmers in the same neighborhood as general sources of
information about the four innovations included in Table 3.7; an
average of 71 percent of the farmers cited other farmars in the same
township; and an average of 61 percentcited farmers outside the township.
The fact that therc was a relatively high percentage of farmers who
cited farmers outside the community suggests that Concei$3b did not
meet the desideratum that the community have well-defined soclal
boundaries with minimal social communication across the boundaries.

This situation may have created problems for the simulation since
SIND! 2 was not designed to handle interpersonal communication of
innovation Information across the boundaries of the simulated population.

3.22 (see pagel06) a much smaller

However, as will be seen in Table
proportion of adopters, an average of 11 percent, cited farmers outside
the township as the most influential source.

Two types of sociometric relationships were deemed to be important
for the communication of innovation information from adopters to
nonadopters: a respondent's interaction, even though infrequent, with

community ""opinion leaders,'" and a respondent's interaction with his
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circle of ""discuscion partners." An "opinion leader' Is a member of a
community vho is frequently named by'other members of the community as
a credible source for advice and information about certain matters.
Opinion leaders are likely to play an important role in the diffusion
process because they are usually among the carly adopters in the community,
and, by definition, they are above average in the magnitude and domain
of thelr influence. ''Discussion partners' are those individuals with
whom an individual most frequently discusses matters related to a
particular enterprise (c.g. dairy farming). Discussion partners
play an important role in an individuel's decision-making procecs
simply because he interacts frequently with them and they are likely
to be an important reference group to him.

The Phase 2.8 questionnaire contained two questions designed to
obtain data on these two types of sociometric relationships:

1. Who is this region is most listened to or imitated when it

comes to matters related to dairy cattle? Who else is listened

to or imitated?

2, Can you give me the names of those persons with whom you

usually discuss matters related to dairy cattle, such as problems

of work in general, new methods for raising dairy cattle, and so

forth? Are there other persons with whom you converse about
these matters less frequently?8

8Fleld experience with these two sociometric questions suggests
that they should have been asked in reverse order. VWhen the questions
were asked in the order given above, the respondents quickly listed
several names, in answer to the first question about opinion leaders.
When the second question was asked, in many cases either the respondent
was reluctant to answer as if he were thinking, "How many more names
do | have to give?'' or the respondent repeated the names he had given
to the first question. Altnough these answers may have accurately
reflected the situation, the author fcels that in future questionnaires
he would first ask for a list of the respondent's discussion partners
and then ask him to '"nominate' opinion leaders.
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After the complete list of names was given, the interviewer asked the

following questions about each name:

(a) What relation is he to you?

(b) Where does he work?

(c) What is his occupation?

(d) How many times do you see himi

(e) How many times do you discuss matters related to dairy cattle?

) Ladder scale of credibility: At the top of the ladder is a

man in all of whose opinions you have confidence, that is to say,
If he gives you ten picces of advice about dairy cattle you would
follow all. At the bottom of the ladder is a man in whose
(meddlesome) Jquestlons you have no confidence, that is to say,
If he gives you ten pieces of advice about dally cattle, you would
follow none. On rung five is a man whose advice about dairy
cattie you would follow more or less half of the time. How,
pleasc locate on the different rungs of the ladder the names
vhich you cited above.

The two primary questions led to threc types of sociometric choices:

individuals named solely as opinion leaders; individuals named as both

opinion leaders and discussion partners; and individuals named solely

as discussion partners.
The 97 respondents in Conceiﬁab made 472 sociometric choices or

an average of 4.9 choices per respondent. These choices include 189

opinion leaders (40 percent), 143 opinion—leader/discusslon-partners

(30 percent), and 140 discussion partners (30 percent). Thirty-nine

percent of the choices resided in the same neighborhood as the respondents,

50 percent in the same township (but outside the neighborhood), and

11 percent in another township. Table 3.19 shows that, as would be

expected, respondents talked more frequently with the discussion

partners they named than with opinion leaders. Table 3.20 indicates

that the individuals named as both opinion leaders and discussion

partners tended to be given the highest credibllity rating.

The 46 respondents in Trés Coraqaés made 212 sociometric choices

or an average of 4.6 choices per respondent. These choices included
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TABLE 3.19 Median Test for Frequency of Discussion with Scciometric
Choice Types in Conceicio do Rio Verde

In percent of citations.

Sociometric choice type
(Citations by 97 farmers)

Opinion-

Frequency of leader/
discussion with Opinicn discussion- Discussion
sociometric choice leaders partners partners
type N = 189 N = 143 N = 140
More than 2-3 times per month. . . 14 L6 65
2-3 times per month or less . . . 86 54 35
Total. « « v v v v v v v 0 e e 100 100 100

%2 = 93.7; p<0.00l.

TABLE 3.20 Median Test for Credibility Ratings of Sociomctric Choice
Types in Conceigab do Rio Verde

In percent of citations.

Sociometric choice type
_(Citations by 97 farmers)

Opinion-

leader/
Credibility rating Opinion discussion- Discussion
on a ladder scale leaders partners partners
ranging from 0 to 10 N =189 N = 143 N = 140
Higher than 9 (i.e. 10) . . . 35 49 29
G or less v v v v o4 40w e 65 51 71
Total v v v v e e e 100 100 100

.Xz = ]3.1; p<0.001

70 opinion leaders (33 percent), 79 opinion-lecaders discussion-partners
(37 percent), and 63 discussion partners (30 percent). Seventy-flve

percent of the choices resided in the same nelghborhood community as the
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respondents, 19 percent in the same township, and 6 percent in another
township. The findings on frequency of discussion and credibility as
a function of sociometric types for Trés CoradSbs are similar to those

for Conceing as reported in Tables 3.19 and 3.20.

Innovation Decision-making

Rural sociologists have divided the innovation decision-making
process into five stages: awareness, interest, evaluation, trial, and
adOption.9 Mason (1964) hus criticized this conceptualization as being
too rigid. In his research he found cases in which there was no trial
stage, cases in which the process of evaluation began at first awarencss,
and cases in which information seeking (part of the interest stage) also
occurred throughout the decision-making process -- even after a decision
had been made. Rogers and Shoemaker (in press) have suggested a set of
four overlapping ""functions' or subprocesses. This latter conceptualiza-
tion is linked more closely to current theories in social psychology.

The four functions are:

Knowledge: the individual becomes aware of the innovation but is
not yet motivated to consciously seek additional information.

Persuasion: the individual purposively seeks information about
the innovation and begins to develop a favorable or unfavorable
opinion toward the new idea.

Decision: the individual chooses among alternative actions -- the
simplest choice being adoption or rejection.

Confirmation: the individual seeks to reduce post-decision
""dissonance" by seeking more information to support his d?sision
and/or by "proselytizing' others to adopt the innovation.

The Phase 2.8 questionnaire included several questions designed to

9For a full discussion see Rogers (1962, pp. 81-86).

loFor a fuller discussion of dissonance reducing behaviors see
Festinger (1957).
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obtain data on the communication channely from which respondents received

information during the decision-making about the four practices.

3.21 summarizes the percentages of farmers citing different sources

TABLE 3.21

Table

First Source of Information for Four Dairy lnnovations as

Cited by Farmers in Conceicdo do Rio Verde and Trés Coraddes
Y ,

in percent of farmers citing Tirst source.

Foragc

grass Mineral Tick

Silo plot salt spray

General source CRY TC CRY TC CRV TC CRV  TC
Farmers in same neighborhood 29 36 15 30 1229 35 39
Farmers in same township . 29 9 18 9 9 22 9
Farmers outside township . 20 S 30 7 5 h 1 9
Magazine article or ad. ] - 2 | 2 ] -
Newspaper article or ad. 1 - 2 - 1 - - -
Folders and brochures . . . 2 7 2 5 2 4 - -
Radio programs . - - 2 - 2 - | -
Fairs . . . . . . .. .. - - 2 - - - -
Technical expertsa . 3 N 3 28 2 - 2
Store or cooperative . - - - - 1 4 9
Commercial agent . - - - - 35 13 ] 2
Special meetings . ] h 3 2 - - - -
Agricultu?al school . . 7 - 8 - 2 - 2 -
ACAR agent . . . . . . - 18 - 15 - 13 - 9
Father's farm . . . . . .. ] 2 2 8 2 10 2
Other . . . . .. ... 2 2 3 - 2 - 1 2
Doesn't know . . . . . . . . L 2 8 2 12 1 12 15

- Represents zero. CRV
TC Trés Corag®es (N = 46).

®From organlzations other than ACAR.

Conceigﬁb do Rio Verde (N = 97).
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TABLE 3,22 Most Influential Sourcc for Four Dairy Innovations as Cited
by Farmers in Conceic80o do Rio Verde and Trés Coragoes

In percent of farmers citing most influential source except for first row
of figures.

Forage

grass Mineral Tick
Most Silo plot salt spray
Influential .
source CRV TC CRV TC CRV TC CRV TC

Total number of adopters® 62 28 67 36 78 33 74 31

Farmers in same nelghborhood Ly 43 28 42 18 21 39 L2
Farmers in same township . . 28 11 26 11 15 12 25 10
Farmers outside township . . 8 3 22 3 3 - 11 6
Magazine article or ad. . . 6 - L - 5 3 ] -
Newspaper article or ad. . . - - 1 - - - ] -
Folders and brochures . . . - 6 - - 1 6 - 3
Radio programs . . . . . . . - - ] - - - - -
Fairs . . . v v v v v o 4 3 - - - 1 - ] -
Technical cxpertsb e 3 15 3 22 3 - 3
Store or cooperative . . - - - - 6 3 10
Commercial agent . . . . . , - - - - 33 2] 3 -
Special meetings . 2 - 3 - - - - -
Agricultural school 6 - 6 - 3 - 3 -
ACAR agent . . . . . . . .. - 18 ] 19 - 2] - 22
Father's farm . . . . . . . - 3 3 3 8 6 1 3
Other . . . . .« v v .. 1 - 1 - ] - 3 -
- Represents zero. CRV  Conceicdo do Rio Verde (N = 97).

TC Trés Coragaés (N = 46).

INumber of adopters able to specify most influential source. Includes in
some cases farmers who plan to adopt in the near future.

bFrom organizations other than ACAR.

as their first source of information about the four different practices.

Other sources of information utilized during the knowledge and persuasion
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processes have already been summarized In Table 3.7. Table 3.22
shows the percentage of adopters who named each source as being the
most influential source during the persuasion and decision processes
for the four practices.

Some points can be made about the data in Tables 3.7, 3.21 and
3.22, Extension agents were important sources of information and
influence In the community in which they worked, in this casc Trés
Corag@es. Farmers themselves, while important sources in both
communities, played a more important role In Conccing because of the
absence of formal extension agents.

In addition to being asked about general sources of information,
the respondents were asked to name specific sources of information
(e.g. the name of another farmer, a particular magazine or newspaper,

a particular extension agent, or a particular agricultural fair.) The
specific first sources were compared with the specific most influential
sources. In 42 percent of the 401 citations of the most influential
source, which were tabulated in Table 3.22, the specific first source
was the same as the specific most influential source.

The aata which has been presented above on the various sources
of information and influence does not reveal very much about the
process of innovation decision-making. During the field observation
an attempt was made to obtain 'decision-protocols' by tape recording
loosely structured interviews. The results were not totally successful
because there was not enough time to perfect the technique. Nevertheless
the few "decision-protocols'' which were obtained did reveal some factors
which the farmers felt were important in their decisions to adopt

certain of the practices but which did not come out in the formal
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questionnaires. However, in most cases the factors which caused delay
from {irst knowledge to final adoption were not made explicit. More
experimentation with techniques for obtaining decision protocols is
needed. An abridged decision protocol for a typical dairy farmer in

Conceigdo is found in Appendix B.

Diffusion System Output: Innovation Adoption

and Changes in Productivity

in this chapter we have discusscd the characteristics and structure
of Conceigio do Rio Verde as a diffusion system, Conceigdo has also
been compared with Trés Coraqoes, a diffusion system in which formal
extension agents played important roles in the diffusion process. In
the following two sections we shall consider the output of the
diffusion system vicwed as a communication system and the output of the
diffusion system viewed as an economic system.

Communication system output:
innovation adoption

The output of a diffusion system viewed as a communication system
can be measured in terms of the adoption levels reached in the system

P~

for the various innovations. The adoption levels reached in Concei$ao
and Trés Cora§365 for 13 dairy practices are given in Table 3.23.
Table 3.24 contains data on the diffusion of practices among dairy
farmers in the Phase || communities. Comparison of the adoption
levels for innovations common to both Tables 3.23 and 3.24 indicates
that Concelggo had achieved higher adoption levels for various dairy

innovations than had the average Phase |1 community.

The adoption levels found in Trés Cora*Sés for the 59 farmers
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TABLE 3.23 Dairy Innovation Adoption in Conceiéﬁb do Rio Verde and

Trés Coracoes

The fligures represent percent of farmers who were regularly using the

dairy practice in 1967, except as indicated.

- Represents zero.

Conceicdo do Tres
Rio Verde Coraggés
Dairy innovation H = 97 N = L6
Grub control . . . . . . . . . . . - 100 91
Vaccination against
"vearling disease'" . . . . . . 95 100
Tick spray v v v v v v v v e e v 81 71
(Aware) « « v v v 0 e e e e (96) (93)
(Discontinued) . . . . . . . . . (2) (-
Feed rations . v v v v v o v o v & 76 72
Vaccination against
hoof and mouth discase . . . . 7h 76
Forage grass plot 7k 81
(Aware) .« v v v v v e e e e e (94) (98)
(Discontinued) . + « « v « « . . (n (2)
Hineral salts « v v v v v v v « 4 & 72 65
(Aware) « v v v v v v e e e e (95) (96)
(Discontinued) . . . . . . . .. (14) (9)
: Si]o L L] L] L] L] 1] . . L ] . . L] L] . L] 65 50
(Aware) « v v v v e e e e e e (99) (98)
(Discontinued) . . . . . . . .. ) ( -) ( 2)
Umbilical cord treatment at birth . 59 48
Two milkings per day . . . . . . . 57 30
Worm contiol . v v « v v v 0 v e . 54 57
Vaccination against brucellosis . . 25 30
Records of milk production . . . . 12 11

interviewed in 1966 during Phase Il may also be compared with the adoption

levels found for the 46 farmers interviewed in Phase 2.8 in 1967.

Thirty-one of the 46 farmers interviewed in Phase 2.8 had been Interviewed

in Phase |l. The adoption levels found in the Phase 2.8 data are
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DAIRY INNOVATIONS - Percent of dairy farmers using innovation in July, 1966

Forage grass plot. . . 68 53 76 87 37 25 63 54 33 57 58 L4i 58 13 11 16 31 52 L7
Mineral salts . . . . 48 46 56 26 58 67 50 69 89 26 4o 33 68 26 25 41 53 65 78
Vaccination® . . . . . 74 59 53 3 82 L2 66 17 46 35 k2 68 9 15 27 59 13 55
Si1o « « « « « « « . . 10 48 2 87 2 2 8 3 5 4

Worm medicine . . . . 65 29 18 29 70 15 57 67 22 35 17 7 18 33
Purebred bull . . . . 70 38 56 20 69 46 67 O 15 6 10 14 39
Umbilical cord treat. 39 31 55 25 60 58 26 15 19
Grub/tick control . . 12 84 2 29 50 - 66 21 28 9 22 -
Forage chopper w/motor 48 23 14 35 24

- Represents zero. A blank space indicates that the innovation was not included in the, survey for that
particular community. See Figure 3.1 for location of tcwnships in Minas Gerais. Against hoof
and mouth disease.

60l
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consistently higher == in fact much higher than wou}d have been expected
from just a one year time lapse. Although part of the difference may
be attributed to the different samples, the differences raise questions
about the reliability of the adoption data. The problem of data
reliability will be discussed later.

A table of adoption levels represents a snapshot of the state
of a diffusion system at one point in time. However, the diffusion
researcher may be more interested in the path by which the system
arrived at thot stale than in a point-in-time adoption level. A
cumulative adoption curve shows the cumulative spread of an innovation
through a social system over time and also serves to indicate the
rate of diffusion. These curves are usually based on the respondent's
recall of when he adopted the various innovations. This recall data
may be subject to considerable error. Drawing a best-fit curve
through the data points plotted as cumulative adoption levels helps
to smooth out some of the inaccuracies introduced by using recall
data.

Figure 3.10 is a plot of the cumulative adoption curves for
tick spra?, mineral salts, and forage grass plots in Conceig”b do
Rio Verde. This figure also plots, as a function of time, the
cumulative percent of farmers operating dairy farms. It can be seen
that approximately 65 percent of the 97 farmers interviewed in 1967
owned dairy cows In 1952, The remaining 35 percent became dairy
farmers after 1952, The curve of the cumulative number of new dairy
farmers owning dairy cattle can effect the interpretation of the
cumulative adoption. If it is assumed that the 63 farmers (65 percent

of 97) who were dairy farmers in 1952 and were Interviewed in 1967
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112

-

were a representative sample of the dairy férmcrs in the social system
in 1952 (probably not a very goud assumpilon), then the cumulative
curve for tick spray, as an example, suggests that 40 percent (25
percent divided by 65 percent) of the dairy farmers in the community

in 1952 were using tick spray, not 25 purcent as a glarce at the

curve would imply.

Figure 3.11 illustrates two ways to plot the cumulative spread
of an innovation. One curve represents the cumulative number of
decision-makers who have adopted the innovation. The other curve
represents the cumulative amount of production facilities to which
the innovation has been applied. In the casc of silo diffusion, this
curve represents the cumulative numbers of cows wihich reccive feed
from silos during the dry season. Usually, the cumulative curve for
production facilities riscs faster than the cumulative curve for
decision-makers who have adopted the innovation. This deviation
occurs for two reasons. First, in any community the production
facilities are likely to be unequally distributed among the
members of the community. This phenomenon is best illustrated in
the %orm of the Lorenz curves as shown in Figure 3.5. Second,
diffusion research has shown that the decision-makers for larger,
wealthier production units are likely to adopt Innovations earlier than
decision-makers for smaller, less wealthy production units. The
greater the extent of these two phenomena, the greater the maximum
deviation betw.en the two types of cumulative distribution curves. The
data on the Jiffusion of silos in Figure 3.11 show that at the time of

data coilection In 1967, 65 percent of the farmers had adopted the silo.
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Figure 3.11 Silo diffusion in Conceigﬁb do Rio Verde: cumulative
percent of farmers using silos and cumulative percent of dairy cows
being fed from silos.
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These farmers owned 78 percent of th? dairy cows }n Conceigﬁb. It is
interesting to note that at least for silo diffusion in Conceigﬁb, the
largest dairy farmers were not among the very earliest adopters. This
fact can be noted in the two cumulative diffusion curves which show
very little divergence at the beginning. |t appears that the earliest
adopters were farmers who owned dairy herdc of average size,

The sociologist is usually more interested in the curve which shows
the cumulative percent of decision-makers who adopt an innovation. He
is interested in the basic process of diffusion among people which
results both from their exposure to messages carried by the mass media
and interpersonal communication channels as well as from individual
decision-making processes. The cumulative adoption curve best summarizesthe
progress of this overall diffusion process. The eccnomist, on the other
hand, is usually more interested in the cumulative curve which shows the
percent of production facilities which have been converted to a more
modern technology. |t Is this curve which directly measures £he

increase In productive capacity of an economic system.

Economic-system output:
changes in productivity

The output of a diffusion system viewed as an economic system can
be measured in terms of the changes in productivity that occur as
improved practices become more widely diffused. Although data on changes
in productivity over time are not directly relevant to simulating the
diffusion process as such, the data would be of interest if a simulation

model of this type were to be incorporated into a larger econometric

model,
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Monthly data on raw milk purchased by one of the larger milk
processing plants in Conceisﬁb were obtained for the period from January,
1958, to August, 1967. The data which were normalized to liters per
farm per month arc graphed in Figure 3.12., |t appears that there has
been little change in the cycle of peaks and depressions in mi ll produc-
tion which occur over this ten year period as a result of the cycle of
wet and dry seasons. The average production per month, averaged over
nine years, is graphed in Figure 3.13. The nine year mean low was 71
percent of the nine year mean high which is equivalent to a 29 percent
decline in milk production during the dry season. The decilne in mi Tk
production during the dry season can also be calculated from the data
given in Table 3.4, In Conceiggb mi tk production during the dry season
declined to 89 percent of the wet season milk production; in Trés
CoraqSes, to 71 percent of the wet season mi 1k production; and in the
Phase || communities, to 69 percent of the wet season production. It
appears that the percentage drop in milk production which was based
on the Phase 2.8 data does not agree with the drop in milk production
which was based on the data collected from the milk processing plant.

The reasén seems to be that Conceiqu had several large dairy farms which
had only a small drop in milk production during the dry season but which
did not sell their milk to the particular milk processing plant from which
the author collected his milk production figures. Of the 97 farmers who
were interviewed in Conceing, 32 reported that they were selling their
milk to this particular milk processing plant. These 32 farms averaged
135 liters per day during the wet season and 102 liters per day during

the dry season. These averages are lower than the averages given in Table

3.4, Thus, for these 32 farmers, dry season milk production fell off to 76
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percent of the wet season milk production. This lster figure is closer
to the drop in milk production calculated from the data for milk produc-
tion of the milk processing plant. As compared to the large sample,
these 32 farmers showed no significant differences in terms of their
adoption of the various innovations. Thus, in spite of the conflicting
evidence, one concludes that some duiry farmers in Conceiggb have made
some progress toward smoothing out the dips and peaks which occur in
milk production during the dry and wet scasons.

Although the farmers in Conceifﬁo have not succceded in complately
leveling milk production during the year, they have demonstrated
higher average yearly milk production per cow than the dairy farmers
in the Phase Il communities. As reported In Table 3.4 the average
milk production per cow pcr year in Conceigdo is 1240 liters as compared
to 1180 liters in Trés CoragBes and 790 liters in the Phase 1l communities.
Thus the average cow in Concei;ﬁo produces 57 percent more milk per
year than does the average cow in the Phase |1 communities. Part of
this higher productivity is explained by the fact that the average
cow In Concei@Sb lactates approximately 245 days out of the year,

17 percent longer than does the average cow in the Phase |l communities,
which lactates 210 days out of the year. Therefore the additional
preductivity of the cows in Concei;56 must be attributed to the greater
use of improved dairy practices.

Further evidence that the adoption of improved dairy practices has
contributed to Increased milk production (at least for some of the farmers)
comes from the Phase 2.8 data. When the dairy farmers in Concei¢do were
asked whether they thought that the average milk production per cow

had increased, remalned the same, or decreased during the previous
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two years, 48 percent thought that it had Increased, 35 percent thought
that it had remained the same, and 17 percent thought that it had decreased.
These figures suggest that there has becn at least some overall increase

in milk productivity during the last two years.



CHAPTER 1V
SINDI 2: EXPERIMENTAL SIMULATICN KUNS

SINDI 2, a general diffusion simulation model, was applied to the
diffusion of silos among the dairy farmars in Concciq3b do Kio Verde.
This chopter discusses (a) the procedures which were used to specify
the values of the parameters, attributes, and excgencous variables
required for the simulation runs; (b) the "best-fit" solution resulting
from these runs and the valucs of the tuning paramaters associated
with thot solution; (c) results of a series of censitivity checking
runs; (d) a "what I run to see the effect of doubling the quantity
of mass media messages about silos; and (e) an attempt to predict
diffusion of forage grass plots using the same tuning parameter
values as were used in the 'best-fit" silo run.

The decision to simulate silo diffusion for most of the experi-
mental rdns was made for several reasons. First, content analysis of
the mass media to determine the frequency of innovation messages was
carried out for only four of the thirteen innovations for which time-
of-adoption data had been collected during the field interviewing.

This narrowed the field to fouf innovations: slilo, forage grass plot,
mineral salts, and tick spray. Tick spray was eliminated as a cholce

for two reasons: first, the innovation had been diffusing for a relatively
long time == 10 percent reported first hearing about it on their fathers'

farms and.40 percent were using the Innovation In 1957; second, some

120
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of tle largest farmers said that they were not using the inncvation

because a Bath application was better than using a spray applicator.

The question concerniné tick spray was poorly wordad. Instead of referring
to the method of application, in this case spray, the questionaire

should have referred to the use of tick pesticide in general. The
diffusion of mineral salts was also eliminated as a process to be simulﬁted,
first becausc mineral salts appeared to have been di{fusing for quite a

few years -~ 8 pearcent of the farmers had learned about mineral salts

on their fathers' farms and 30 perccent were using the innovation in

1957; second, a rclatively high percentage of the farmers (35 percent)
reported that commercial agents had been the most influential source.

SINDI 2 did not have provisions for simulating influence from external
commercial agents or extension agents. This narrowed the field to a

choice between simulating the diffusion of silos and the diffusion of
forage grass plots, both of which were moderately similar in terms of the
length of time that they had been diffusing.

The choice to simulate the diffusion'of s1los was made because the
adoption times for silos exhibited a much higher multiple correlation
with va;lous independent variables (R = 0.78) than did thz adoption
times for forage grass plots (R = 0.53). Part of the reason for the
difference in the multiple correlation coefficients may have been that
th~ time-of-adoption measure was more rellable In the case of silos
than in the case of forage grass plots. When the author returned to the
research site for further fleld observation after the formal Interviewing
had been concluded, he learned that some of the farmers condsidered
sugar cane to be a forage grass. Many farmers had been using sugar

cane for a number of years as a feed supplement during the dry season.
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Unfortunately, the Phase 2.8 questionnaire did not make it clear that

the term ""forage grass' was meant to refer to the variety of special
grasses (e.g., Pangola, Napier, Gurtemale, ctc.) which had been develcped
especlally for forage. Consequently, some formers may have confused

the adoption of forage grass with the adoption of sugar canc; or clse,
the exact transiticn date from sugar cenc to forage grass may have been
difficult to remember because the two practices are so similar, Also,

it may have been easier to remember the adoption dote for a silo than

the adoption date for a forage arass plot simply because the construction
of a silo represented a much larger cepital investment for most farmers
than the planting of a forage grass plot. Wiatever the reasons, the
point is that the adoption of forage grass did not correletz nearly as
well with a number of independent variables os did the adoption of the
silo, Thus the silo difiusion was choscn as the process to be s¢imulated
initially. Forage grass diffusion was simulated in a follow-up series

of runs using parameters that had been evaluated in silo diffusien

runs.

~ 8

Input Data for the Simulation of Silo Diffusion

There are two main classes of variables in a simulation model:
externally defined variables (and parameters) and Internally determined
variables. The values of the externally defined variables must be
specified by the researcher and are independent of the processing of the
model during any given simulation run. SINDI 2 has four types of
externally defined variables and parameters: sizing parameters, fixed
attributes of entities, exugenecous variables, and tuning parameters,

Sizing parameters specify the popuieation size of each entity type
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included In the simulation model. These paramete}s "dimension'' the
structure of the simulation model. They are the arguments of the
attributes and state variables which appear In the DIMENSION statements
or in COMMON statements, which serve to dimension and/or rescrve common
blocks for the arrays of FORTRAN programs. Examples would be the

total number of simulated individuals and total number of mass media
channels.,

Fixed entity attributes refer to the characteristics of entities
which the rescarcher has specified should remain corstant during the
course of a simulation run but which can affect how the entities
themselves interact during the simulation run. Examples might include
sex, socio-economic status, and educational background of a simulated
individual,

The exogeneous varlables usually refer to inputs to the madel which
change over time independently of the behavior of the model's internally
determined variables. These changes in the values cof the exogenecus
variables must be specified by the researcher. In SINDI 2 the quantity
of innovation informetion carried by each mass media channel is treated
as an exégeneous variable.

Finally, the tuning parameters arec the empirical constants which
appear in the various equations or relationships hetween the variables
of the model. An example from SIND! 2 Is CMAGNVW, a parameter in the
relationship which specifics the amount of influence on an individual
resulting from his exposure to a quantity of Innovation information
carried by the print media.

Internally determined variables are also referred to-as "state"

or "status' varlables. These are the variables of a model which change
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as a result of processing the model over time. Séatc variabies which
the researcher considers to represent the "output' of the system he is
modeling arc sometimes called "endogencous'' variables. An axample of
an endogencous state variable in SINDI 2 1s ADOPTR which has a value of
1.0 or 0.0 depending onwhether the individual is an adopter of the
innovation or not. At the beginning of a simulation run each state
variable In a model must be initialized to some value. In SINDI 2

the state variables are initialized in statemants A-30 to A-h6 of the

FORTRAN program,

Model sizing parameters

The model sizing parameters for SINDI 2 include the number of time
periods ineach simulation run, the number of time perinds per year, the
number of print media channels, the number of eleclronic madia chonncls
the number of local crganizations, the number of individual subjects in
the simulated population, and the number of sociometric dyads among the
individual subjects.

Each simulation run lasted 36 time periods. A time period was
set equal to six months. A six-month time period was considered to
be an adequate increment since the empirical data for adoption times
was collected In terms of year of adoption. The starting time of the
simulation was set at the beginning of 1957, and thus the simulation
ran until the end of 1974, or a sinulated time period of 18 years.

A total of 12 magazine and newspaper channels were Included in
the simulation. These Included the first 7 magazines listed in

Table 3.12 and all five newspaper channels listed in Table 3.10. The

fleld researéh indicated that only one radio program, the Farmer's Hour,
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carried any signhificant amount of Information about dairy Innovations.

3

This was the only electroéic channel included in Ehe simulation. The
local farm cooperative was the only‘local organization included in the
. simulation.

A total of 88 individuals were included in the simulation, even
though most of the empirical data reported in Chapter Ill were based on
an N of 97 for Concc?g36 do Rio Verde. The criterion for selecting
the individuals to be included in the simulation was that they were
members of the community through which the innovation was diffusing.
Again, a community is defined as a group of individuals who interact
more frequently among themselves than with outsiders. Thus, dropped
from the simulated population were those individuals who named more than
half their sociometric choices outside the final gfoup of 88 individuals
making up the simulation community and who in turn were not named by
more than one other jndividual within the community.

The final sizing parameter specified for the standard simulation
runs was the number of sociometric choice dyads existing in the simulatec
population. In this case, the 88 individuals included in the simulation
made a total of 426 nominations for either community opinion leaders or
specific%aiscussion partners. Thirty of these nominations, usually for
opinion leaders, included individuals with whom the respondents making
the nominations never discussed matters related to daify farming.

Dyads involving these people were eliminated from the simulation with no
effect on the outcome of a simulation run. This left 396 dyadic
relationships with a greater-than-zero discussion probability, at least
as perceived by the 'namer.! Of these, 72 dyadic relationships were

with individuals not included in the simulated population of 88.
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SINDI 2 does not have provision for modeling the flow of influence from
individuals outside the population. .Thus, these 72 dyads (18.2 percent of
the total 396 dyads) could not be included, and the number of dyads inclu-
ded in the simulation was set equal to 324 (396 minus 72). The distribu-
tion of the 324 nominations to individuals within the simulated populaticn
and the distribution of the 72 nominations for irdividuals outside the
simulated population are summarized in Table 4.1. Table 4.2 contains a.
detailed summary of the number of sociometric nominations each of the
simulated individuals received. This latter information may be used in
conjunction with the detailed summary of simulated output which appears
later in the chapter,

A further word must be said about the sources of interpersonal influ-
ence that were outside the simulated population. The research plan had
called for interviews with a complete census of the dairy farmers living in
Conceigao. Twenty-cight of the 41 farmers who received nominations but were
not interviewed lived within the township boundaries but were not included in
the simulated population; the remaining 13 farmers owned farms outside the
township boundaries. |t was known at the time of the interviewing that
there were approximately 150 dairy farmers living in ConceigSo. Resources
permitted interviewing those individuals living closest to the town
center. Thus some of the 28 farmers not interviewed may have lived in
the outlying areas of the township (the northern area was about a two
hours' jeep ride from the township center). Had a second round of
interviewing been possible, a special effort would have been made to
interview those individuals receiving two or more sociometric cholces.

It was learned during the field observation that the farmer who received
the eight sociometric choices had retired from dairy farming within the

year and had given his farm to his sons. There was one other important

~
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TABLE 4.1 Oistribgtion-bf Sociometric Nominations by Farmers in
Concei%db do Ric Verdc

The right=hand two colunns are freguency distributions. The figures
represent the number of farmers included in the similated population ard
the nurber of farmers outside the simulated population who received the
number of nominations specified in the left-hand column.

Simulated Others

NHominations population nominzted
received N = 88 N = 4]
0 . . .. 29 -

] . . . 16 26

2 .. . . . 18 8

3 Coe 5 L

Ly, . . . C o 5 |

5 e . . . e 5 -

6 . e . ] ]

7 - . . . . - -

8 e 0 . . . - ]

9 . . e e PR - -

10 . . . e e e e ! -
12 . AN 5 . ' -
13 . . . . ] -
14 . e ] -
15 . . ] -
2% 1 | -
26 . e e e e e e e e e e ] -
L T ] -
ShoL . s e | -
Total nominations received . . . 324 72

- Represents zero.

influential individual (Number 652) in this group of interyiewcd farmars
receiving nominations. Although this farmer received only one nomination
as a current discussion partner on dairy férming matters, he recelved
twelve nominations from respondents in Concelggb (N = 87) as a specific
first source of information about silos and six nominations as the most
influential source in decisions to adopt silos. No other individual
recelved anywhere near as many nominations as an opinion leader for the

specific four innovations for which this data was secured, In his case
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TABLE 4.2 Sociometric Choices Received by Respondents in Conceicdo de
Rio Verde

Twenty-nine of the &8 respondents who were included in the simulated popuL-
lation received no sociomettic choices and are not listed below, Socio-
metric choices include nominations as opinion leaders and/or discussion nart-
ners.

Sociometric Socionetric
Respondent choices Respondent choices
number reccived number reccived
506 14 Bk . . .. L L. L
507 2 549 . . . . L. . 3
508 2 550 . 2
509 5 552 . 4
510 ] 553 . ]
512 . . . ] 56h . .. .. L L. 4
513 ... .. ] 555 . . o . o L oL, 3
516 . . . .. ] 566 , ., 2
517 6 557 . . . 2
518 1 560 . |
519 . .. ] 561 . 21
523 . . . 3 562 . . . . . .. 4
LY B 5 56h . . . . L. L. 54
525 . . . .. 2 565 . . .. L L L 5
526 . . . . .. 26 566 . . . . ... .. |
527 . . . .. 3 567 . . . . . . ... 4
528 . [ /2 2
B30 . . . .. ... 3 572 . . . . . . ... 2
531 . . . . . . .. 13 575 . . o o . oL 15
632 . . . .. ... 1 579 . . . . .. .., 2
B33 . . . . .. ] 580 . . . .. ... 12
534 .. .. .. .. 2 585 . . . . . ..., 2
535 . . .. .. . 5 586 . . . . . . ... 2
536 . . e e e 2 589 . . . ... .. 2
538 . .. . ... ] 590 . . . . .. ... 2
539 . . . . . ... 1 586 . . . . ... 10
50 ., .. .. .. ] 597 . . . . . oL 2
56y . .. L L L, ] 598 . . . . L ... 2
5h2 . .. L. ... 2 601 . . ... .. 5
543 . . . ... .. 1

it was learned that he had retlred from dairy farming five years before
(1962) and had divided his very large farm among his two sons and two
sons-in-law, each of whom received a fair number of general sociometric

nominations himself. The fact that he was no longer operating a dairy
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farm probably accounted fo; his recciving only oné nomination as a
current diccussion partner.

In summary then, there are threce types of influential individuals
who werc not included in the simulated pepulation: first, individuals
who were influcntial members of the community during an earlier
period but who were no longer influential at the time of data collection
because they had retired, moved away, or died; second, individuals
who were currently influential members of the community at the time of
data collection but who were not interviewed and thus were not included
in the simulated population; and third, members of other communities
who from time to time influenced members of the simulated community.

It is important to remember these omissions of interpersonal Influence

when considering the validity of the simulation model.

Attribute values for sociomztric dyads

Associated with each sociometric dyad in SINDI 2 are four attributes:
the identification code of the '‘namer''; the identification code of the
"named''; the daily probability of a discussion taking place between
them about work-related matters; and the credibility of the person
named. Chapter |1l contains wording of the sociometric questions used
to obtain a list of opinion leaders and discussion partners for each
respondent, the frequency of discussion with each partner, and his
credibility. The following response categories and thelr associated
daily probabilities of discussion were used to code the responses to

the question about frequency of discussion:
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Daily probability

Response category of discussion
Never. . . . . . « . v o .. ¢.600
1-3 times per year . . . G.005
b=-7 tiwes per year . . .o . €.015
8-11 times per year . . . . 0.020
1 time per month . . . . . 0.030
2-3 times per month . . . . 0.¢80
1 time per week . . . . . . 0.140
2-4 timcs par week . . . .. 0.430
5-7 times per week . . . . . 0.860

Attribute values for individuals

SINDI 2 requires as input dato values for the various attributes
associated with each simitated individual,

Year individual entered community. SINDI 2 requircs as input for

each individual the time when he cntered the community end the time when
he started hie work operation, in this case when he becan dairy faring.
These dates affect the running of the simulation cnly if either occurred
after the starting time of the simulation. The first bit of information
was secured by asking the respondent: ''How long have you lived in this
community?"' The answer was coded as the year of entry into the community.
Twenty of the 88 simulated subjects had migrated into the social system
after 1957, the starting time of the simulation. Ten of these individuals
were '"external adopters,'" individuals who had adopted the silo someplace
outside the community and then migrated into the community bringing the
use of the practice with them. SINDI 2 preset these Individuals as
adopters and did not allow them to begin Influencing other members of

the community until they had entered the community. In the cases of the
remalning ten individuals who had not adopted the innovalions prior to
migrating into the community, SINDI 2 allowed them to be subjJect to

influence from the mass media from the start of the simulation but did
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rot allow them to be influenced by interaction with members of the

community until they had actually migrated into the community.

Year individuai started dairy Ckgfﬁlugl. The information e¢hout the

time when the individual starged bis work operation was cecured by
asking: "How many years have you bacn a dairy farter?" A tota! of 22
farmers became dairy farm;rs atter the storting time of the simulation
in 1857. Chbviously, these iadividuals would not adept the use of

the silo until after they had becom=» dairy farmers. SINDI 2 allcwed
these formers to receive persuasive communications sbout adopting a
silo for some specificd time prior to actually starting their cairy
farming operation. For these specific runs, the pereussion period weas
set equal to two years. [t was assumed thot during the persuasion
period perspective dairy farmers would be looking inte the various
activities associated with dairy farming. Prior to this ''persuasion
period," information about innovations associated with a work operation
in which they were not engaged would not bc very salient to them and
thus would not have much effect on them. SINDI 2 did not allow the
farmers to adopt the innovations until after the start of thelr work
operations even though in some cases the amount of influence received
before the end of the persuasion period might have exceeded that

individual's resistance factor.

Mass media exposure probabilities. SINDI 2 also requires of each

individual his exposure probabilities to the various mass media chanrels.
For the agricultural page in newspapers the Individual exposure probabil-
ities were obtained by asking the following question and assigning the

probabilities to the responses as Indicated:
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Do you read the agricultural page in the newspapers? How freou.ntly?
(a) Estado de Minas (Belo Horizonte), (b) Correio da o hE (Rio

de Janeiro), (¢) Fstado de Sfo Faulo (Sto Pavio), (dy~ uOlI 1
do Brazil (Ric de Janeciro), (e) olher newspapers.

Exposure
Response rategory probability
Never, o o v v 0 v v e e e e e e 0.00
Rarely . . o . o o oo . v 0 ... 0.05
Occastonally . . . . . . . . . . . 0.10
One third of the issues . ., . . , 0.30
Half the issues . . . . . . . . . 0.50
Most weeks « . o . . . . . . . . 0.80
Euch week . . o . .« « « o o . 0.99

In the case of magezines, the individual cxposure prebebilities werc
obtained by asking:

In the past year did you read the magozines? How frequently?
(a) 0 Ruralista, (b) Revista doc Criadores, (c) Coop reotia,
(d) ETIBT“?"WYCLnd T(6)70 Diricente Rural, (f) A Realidade
Rur“]‘_zg, f":5<u< uﬂlI(O]ﬂ (h) lolrtnm‘d( ﬁfﬁh,—T D

Tolelim do Hoat

L ot !Ull(U]ldIu] e A1 1SS,

Exposure,

Response category probability’
Never. . . « . . v ¢ v v « v o & 0.0
Rarely . . . . « « .« « « . . 0.1
One third of the issues . . . . 0.3
Half of the issues . . . . . . . 0.5
Most issues . . . « « . .« . . 0.7
Each issue . . « . . « « . 0.9

Meeting attendance. SINDI 2 also requires the individual probabili-

ties of attending any given meeting of each local otganization. For

]The exposure probabilities associated with each responsc category
were coded with only cne digit in order to save columns on the [BM
card. Hence there is a discrepancy with the probabilities for newspapers
which were coded with two digits. Next time the author would keep these
mecasures consistent with each other.

After the author had completed the field rescarch, he care across a
discussion by Corlett and Oshorne (1966) on the disign of items to
obtain media exposure probubiltities. Certain aspects of the items used
in the Phase 2.8 questirnnairve are close to the item design reccrmended
by Corlett and Osborne.
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this series of runs only one local organization w;s Included in the
simulation, the farm cooperative. FEach respondent was asked: '"'How
many meetings of the Cooperative did you attend last vear?' A person’y
probability for attending any given meeting during the past year was
calculated by dividing the number of meetings he reported attending

by twelve, the total number of meet ings assumed to have been held
during the year. |If the respondent reported atterding more than twelve

meetings, he was given a probability of 1.0,

Empirical adoption times. SINDI 2 requires as input an empirical

adoption time for each subject. This allows the simulated output to be
tuned to the real-world output thus providing values for the empirical
constants and a partial validation of the model. The cumulative adoption
curve for silo diffusion appearing in Figure 3.11 indicates that at the
time of data collection in July, 1967, 65 percert of the dairy farmers
in Conceiqu were using a silo (N = 97). The 35 percent who had not
yet adopted were assigned arbitrary future adoption times based on their
response to the series of questions:
Are you tTamiliar with the silo? MHave you used a silo? |If not,
which of the following situations describes best your plans with

respect Lo a silo?

Percent of farmers Expected future
Response category N =97 year of adoption

POTENTIAL ADOPTER: Does not
have a silo but plans to
construct one . . . . . . . . . 19 1968.5

KNOWER: Knows about a silo
but has not yet decided

touseone . . ... .. ... 5 1971.5
NONKNOWER: Does not know _

about silo . . . . . .. ... - -
REJECTOR: Never used a

silo and does not plan to 2

construct one . . . . . . . . . 11 . 1975.25
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Innovation [pscstaqu_fgctnr, SINGY 2 comverts individuals from o

adopters to adupters when the cunulative influcnce to which they have
becn exposcd cxceeds the magnitnde of their Tnnovation resistance
factor. The influeace cffect is an internal simulation variable which
changes curing the course of the simulation as a result of vxposure to
innovation messages carricd by the moss media and as @ result of
interaction with adepters in the comaunity. The innovaticn resistance
factor, on the other hand, is an externally defined attribute of cach
simulated individual. It is expected that this resistance will depend
on the varicty. of factors which an individual takes into account
eithar consciously or unconsciously when he processes information fron
his environment about the innovation and decides if and when he will
adont the innovation. Lunped into this unidimencional attribute are
all the factors which are likely to effect the diffusion process but
which are not explicitly taken into account by the simulation model
itself. That the measure is unidimensional is a major assumption in
itself. Past diffusion research has shown that an individual's
resistance to adopting an innovation may be a function of his demo-

graphic background (age, education, etc.), his attitudes toward change in

2Assigning an adoption time to this group seems inconsistent vith
the group's description. However, assigning some value ailows these
individuals to be included in the regression analysis which predicts
the resistance factor. Assignment of any value beyond 1971.5 places
this group at the far end of the adoption scale and thus gives them
appropriate scores relative to the other adopters in the regression
analysis. The particular value of 1975.25 was chosen because simulated
individuals who had not adopted by the end of the simulation run in
1975.0 were also arbitrarily aszigned an adoption time ol 1975.25.
Thus individual subjects who were both potentisl real-world nonadopters
(i.e. "rejectors') ond sinulated nonadopters would meke the maximum
possible contribution to the crosg-product term in the correlation between
simulated adoption timcs and real-world udopti~o times.  This vould
increase the correlation coefficient which is e it should be since the
simulation would have correctly predicted the real-world behavior.



135

ganeral and to the specific innovation in partic&lar, his attitude toward
risk, hls motiveticn toward making the changes in hls behavior required
by the adopticir of the innovation, and the economic resources at his
disposal. |f we accept the notion of an underlying psychclegicel treit
called "resistance-to-innovating'' == or mare specifically "resistance~
to-adopting-X," because logically individuals have different resistance:
to adopting different innovations -- then the next question is how do we
measure this trait, First, It is assumed that the trait is unidimension=l
and that individuals manifest different degrces of this traiv which can
be measured on a ratio scale of arbitrary units. Second, it is assumed
that the variance observed in the real-world adoption times for the

silo resulted from the variance in individuals' "resistance-to-adopting: X"
and from the variance In the time and degree of individuals' exposure

to irnovation messager fiom both the mass nedia and edopters in the
community. The "resistance-to-adopting-X" then Is a function of a
variety of variables not directly accounted for in the simulaticr model
of the communication process. One procedure for obtaining a measure of
the resistonce factor is to perform a multiple regression analysis of
year of gllo adoption, the dependent varieble, using only the independert
variables postulated to be related to the rasistance factor. 7The measure
of the resistance factor should be at least to within a linear trans-
formation of the underlying ratio scale, In the same sense that the
Centigrade scale of relative temperature is a linear transformation of
the Kelvin scale of absolute temperature. In other words, the communica-
tion variables, the effects of which are modeled by SINDI 2, are

excluded from the multiple regression analysis. After the coefficients

In the multiple regression equation have been determined, the predicted
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value of the year of silo adeption for each individual is computed.
This predicted value 1s taken as the best estimate of the resistance
factor to Qithln a lirzar transformation,

The mul*iple regression analysis was performed staiting with 15
independent variables. Seventy-fiva subjects ware includes in tha
analysis; 22 of the 97 subjects were dropped from the nultiple rearession
analysls because they had been dairy farmers less than ten years at the
time of data collection. After a step-wice deletion of the less
sigrificant variables, six variables rcmainad which zccounted for 54
percent of the variance in the year of silo adontion, The six
variables (variables 2 to 7) which contributed mest significantly to
the multiple regression were (2) number of dalry farn workors (loglo).
(3) daily milk production (lcg!o), (h) nutber of loctoting cows por
worker, (5) income, (6) pasture arca (]CQIO)’ and (7) motivation.

""Income'’ was meesured in terms of an ordinal scale of eight incore
breckets. ''Motivation'" is an index constructed from responses to the
following two questions: ‘''What do you plag to do in retation to dairy
farming in the next two yecars? How important is it to you, in relaticn
to your other plans which you have for your farms, to increase your
milk production in the next two years?' The other variables are self-
explanatory. The logarithmic transformation wes used when [t ylelded
a higher zero-order correlation than the untransformed variable, This
generally occurs when the range of an untransformed variable extends
over several magnitudes,

The zero-order correlations with the dependent variable and the

beta weights, significance levels, and the fifth-order partial correla-

tions are glven for the six variables in Table 4.3. Five of the six



TABLE 4.3 Multipie Correlation Aralvsis of Year of Silo Adootion (N = 75%)

1

The necetive correlations imply that the s Multiple-partial
higher a farmer scored on an independent " Myltiple correlation cerrelation
variable then the earlier was likely to
have been his year of adoption. 192...7 128...11 2 I 1532 748 1)
Zero- 5 3 2 ? b
order P°=0.54 £=2.73 R°=0.43 P=0.56 R“=0.61 R=0.78 R‘=0.32 £=0.56
Var. Independent corre-~
No. variables lation Beta Sig. Par. Beta Sig. Par. Beta Sic. Par. © Beta Sig. Par.
z Viorkers (log,o) e e e e -0.47 ¢.31 C.002 0.37 0.73 9.004 0.35 0.75 €.C03 0.35
3 Mitk production (loglo) - -0.56 -0.%¢ 0.003 -0.35 -0.65 0.025 -9.28 -0.70 0.G2i -C.28
3 Lactating cows per worker . -0.04 0.45 0.003 0.35 J9.35 0.053 0.28 C.B5 0.013 0.22
5 Ingeme . . . o . e e . e -95.53 -0.32 0.008 -0.32 -0.25 0.035 -0.26 -0.27 0.030 -0.26
5 Pasture area (10910) e -0.51 -C.356 0.011 -C.30 -0.33 02.017 -C.23 -0.38 0.014 -0.29
7 Motivation . . . . . . . . ~0.40 -0.20 0.024 -0.27 -0.17 0.055 -0.2¢ -0.2) 0.048 -C.2k
8 Agricultural pages (in
rowspapers) read per
month . . . . . . . . .. -0.592 -0.L0 «0.001 -C.41 -0.26 0.009 -0.32
9 Agricultural magazines
read per month . . . . . -0.50 -0.25 0.018 -¢.23 -0.16 0.357 -0.11
10 Cooperative reetines
attended in past year . . -0.34 -0.12 3.227 -0.14 0.02 90.835 (.02
11 figrizultural radio
programs listened to
per week . . . . . . . . -0.30 -0.1C 0.253 -c.13 -9.68 0.333 -0.12

qcxcludes 22 respondents who had been dairy farmers less than ten years.

-] .
fetween residuals.

Lfl



138

variables have significant zero-order corrclation; In the expected
direction. Generally, the correlations indicate that the larger the
farm operation as measured by varitables 2, 3, 5 and 6 and the higher

the farmer's motivation as measured by variable 7, then the earlier

was his year of silo adoption or, in other words, the lower his
resistance-to-adopting the silo. Variable 4, lactating cows per worker,
did not show a significant zero-order correlation with the dependent
variable,

In the multiple correlation analysis the situation changes somcwhat,
Surprisingly therc is now a very strong positive partial correlation
bztween the number of dairy farm worke s and the year of silo adoption,
This suggests that when the other variables which serve as indices for
the scale of farm operations have been taken into occount, marely having
relatively more workers around the farm indicates a traditional outlock
on farming which inhibits innovation. Another shift from the zero-order
case is that variable 4, the number of lactating cows per worker, also
shows a strong, positive correlation with year of silo adoption. This
makes sense in that the adoption of a silo requires additional labor to
harvest, prepare, and distribute the silage to the feed troughs during
the dry season (see Table 3.6). Thus the more dairy cows that the
average worker must tend to, the more hard pressed he would be to take
on the additional chores of silage preparation and distribution. A
farm with a relatively high number of cows per worker indicates a labor
deficiency, a sltuation which is likely to make the farm owner more
resistant to adopting a practice requiring additional labor.
| The next step toward arriving at a value for each individual's

resistance foactor using the multiple regression equation is to predict
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the year of silo adoption for the 88 subjects tc.be included in the
simulated ﬁopulation. This predicted value is denoted as REGRM, which
stands for the REGression Resistance factor based on a straight
Multiple correlation. The regression resistance factor is considered
to be a raw resistance factor measured on an Interval scale which in
itself is a linear transformation of an underlying '"resistance- to-
adopting-X" factor measured on a ratio scale.

However the assumption that a straight multiple regression analysis
can yleld the raw resistance factor requires closer scrutiny, because
the 54 percent of variance in the dependent variable explained by the
six attitudinal-economic variables may not be "pure.'' In other words,
there may be other variables, in particular communication variables
excluded from the multiple correlation, which are corrclated with the
six attitudinal-economic variables and thus may be contributing to the
variance explained.

In particular, a multiple correlation analysis which was performed
with four communication variables, the effécts of which were directly
handled in the SINDI 2 model, accounted for 43 percent of the variance
in the yéar of silo adoption. The four communication variables were
(8) agricultural pages (in newspapers) read per month, (9) agricultural
magazines read per month, (10) cooperative meetings attended in the past
year, and (11) agricultural radio programs listened to per week. |t
was not possible to Include a variable which was an index of the
interpersonal communication with adopters, one of the more important
communication processes modeled by SINDI 2, The beta weights, significance
levels, and partial correlation coefficients for the multinle correlation

(1%8,..11) are reported in Table 4.3. The partial correlations are all
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in the expected direction, i.e., the greater the éxposure to sources
of innovation information, thc earlicr the year of silo adoption, but
not necessarily the lower the resistnnce-to~innovatfng. In fact, it is
belng postulated that variables 8 to 11 cre measures of the flows of
information and influence to the individual, a process independent of
his innovation decision process. (As ¢ first approximation, the
effect of the filtering processes of selective exposure, selective
perception, and sclective retention, which would be assumed to depend
on a personi's resistance~to-innovating, arc ignored.) An individual's
resistance-to~innovating factor, which is postulated to he a function
of variables 2 to 7, affects this latter process.

When a multiple correlation was performed using all 10 variables,
61 percent of the variance in the year of silo adeption wes explained
(see Table 4.3). Figure 4.1 shows that 35.5 percent of the veriance
explained in the dependent variabie is common to both the attitudinal-
economic variables and the communication variables. This is not
surprising since, for example, farmers with large Incomes are more
likely to be readers of the print medie than are farmers with smaller
incomes.. The attitudinal-economic variables acting alone explain 18
percent of the variance while the communication variabies acting alone
explain 8 percent of the variance. Both sets of variables 'work
together' to account for the remaining 35.5 percent of the variance
explainéd.

This common variance weakens the validity of the procedure outlined
above of placing individuals along an interval scale using a straight
multiple regression prediction equation. Since it cannot be assumed

that 54 percent of the variance is explained solely by the attitudinal~
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Figure 4.1

Multiple Correlation: Variance Explained for the
Dependent Variable == Year of Silo Adoption

Year of
silo adoption

Attitudinal and
economic variables

Vorkers (10910) (+)

Milk production (loglo) (=)
Lactating cows per worker (+)
fncome (=)

Pasture area (log]o) (-)
Motivation (=)

Communication
variables

Agricultural pages (in news-
papers) read per month (-)

Agricultural magazines
read per month (-)

Cooperative meetings
attended in past
year (-)

Agricultural radio
progroms listened to
per weck (-)
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cconomic variables, it cannct be assumed that these variahles are
contributing solely to an underlying resistance factor., |t mey be,
for example, that high incomc allows the farmer to subscribe for and
read more agricultural magazines resulting in his exposure wc & higher
volume of persuasive messeg:s than the low income farmer, |t may not
simply be a case that high income gives him the cushion of resources
to accept the risk of being an early adopter of & new farming method.
Both explanations probably play a role in the real-world procees.
This suggests that a procedure must be found to partition the 35.5
percent common variance between the attitudinal-economic variables and
the communication variables. But hew con this be done? Thare is no
thcoretical basis for making such a partition. The most logical basis
seemed to be to partition the common variance proportienal to the ratic
of the purely explained variances, i.e. 0.18:0,08.

The following procedure was adopted in order to do this. First,
a multiple-partial correlation analysis was performed in order to partial
out the entire contribution of the communication variables to both the
variance qf the dependent variable and the variances of the attitudinal-
economic variables (see Blalock, 1960, p. 350). Then & multiple correla-
tion analysis of the residuals of each of the six Independent variables
was utilized to arrive at predicted values for the dependent variable
.residuals. These predicted values were designated as REGRMP (raw
REGression Resistance predicted from Multiple-Partial correlation). As
indicated in Table 4.3, the zero-order correlation between the multiple-
partial regression resistance (REGRMP) and the residual of silo adoption
ylelds an R of 0.56 and an RZ of 0.32. Thus the variance explained in

a zero-order correlation between the multiple-partial regression
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resistance (REGRMP) and the original scores for year of silo adoption
would be 0.18. This result is calculated from the areas shown in

Figure h.ll 0.32:1.00 = 0.18:0.565. The value of 0.565 is thc variance
remaining in the dependent variable after removal of the contribution
from the communication variables.

The next step in the procedure was to linearly transform the
multiple-partial regression resistance (REGRMP) to a new distribution,
TREGRMP, having the same mean and variance as REGRM. The transformed
miltiple-partial regression resistance (TREGRMP) and the straight
regression resistance (REGRM) accounted for 18.0 and 53.5 percent of
the variance In year of silo adoption respectively. These two distributions
provided the basis for constructing a new distribution, the raw
resistance distribution (REGRMIX), which behaved as i1 it partitioned
the variance common to the attitudinal-cconomic variables and the
communication variables in the desired ratio of 0.18:0.08. Thus the
raw resistance distribution (REGRMIX) should account for k2.7 percent
of the variance in silo adoption (see Table 4.4). It can be shown if
two distributions, M and MP, with the same means and variances are
averaged together in the ratio f:(1 - f) to form a third distribution,
MIX, then the correlation of MIX with a fourth distribution Y will be
given as:

g = (0= Al + Fory

Solving for f in the formula above yields:

™Mix T up

r

f=

- r

M MP

These three correlation coefficients nceded to calculate the mi X
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fraction, T, arc ogiven in Table h. L. Solving fur‘f yielded o value

of 0.75. Therefore, in computing the vow resistance distribution
(REGRIMIX), the weighting vaiues for tiw transfarmed maltiple-partiai
regression distribution (TREGEMP) and ithe straiyht regrescion resistance
(REGRM) were 0.25 and 0.75 respectively. Yhe resulting distributlon
REGRMIX vias uscd as the r.w regressicn resistance factor required for
each simulated individual in SINDI 2.

It should alsc be noted that Tables 4.3 and fh. 4 include the multiple
regression analysis of year of silo adoption when all 11 indapendent
variables are included in the analysis., This is a standard type of
analysis which is reported in the diffusion literature., This "lineor
regression model of innovetion diffusion' (LRAID) takes into eaccount
the important attitudinel, economnic, end comiunicetion varichias in
seeking to explain the variance in the dependent variable, year of
silo adoption. It is this linear rearession model of innovation diffusion
against which the performance of SIKDI 2 can be mecasured later in our
discussion.

Table 4.5 summarizes how the 47 respondents were utilized in both

the multiple correlation analysis and as simulated subjects.

Exogeneous variables: mass media messages

Subroutine INPUTM reads the '"quantity" of innovation messages carried
by each of the mass media channels. Quantity of informaticon was measured
in square inches of print for the print media and In minutes of program
time for the electronic media. These in themselves are very crude
measures. They do not take into account a host of other mcssage

variables that are known to be related to persuasiveness of a message.
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TABLE 4.4 Explained Variances in the Year of Silo Adoption by the
Linear Regression Modei of tunovation Diffusion (LRMID),
the Multiple Regressiza Distribution (REGRM) , the kaw
Resictance Distribution (REGRMIX), and the Transformed
Multiple-Partial Regression Distribution (TREGRMP) for

H of 75
Form of

multiple Variance Lorrclation
correlation Distribution explained cocfficient

2
r r

1.000
-t o 1.000
1%2,..01 LRMID 0.613 0.783
V2.7 REGRM 0.535 0.732
Comb | ned REGRMIX 0.427 0.654
1%2,,.7(8...11) TREGRMP 0.180 0.424
0.000 0.000

Nevertheless these measures were considered to be at about the same level of
detall as other measures Included in the simulation. Ideally, the way

to collect the data needed to specify the message Inputs for the simulution
would have been to content analyze all 13 of the mass media channels

for the past ten years In order to measure the quantity of information
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TABLE N5 Utilization of Respondents in the Standord Simulation Rune
for the Diffusion of Silos versvs UtTlization ol feepondents
In the Hultiple Regression Analysie Predicting Rkeictance
to Silo Adoption

- P - -t e ar—e

Dropped from
simulaticn
becouan
responc. nts
wero not

Utilizetion of pari of
Respondents in Used as Preset compunily
Multiple fully as Preset as  comnuni-
Regression simulated "inno- "external cation
Analysis individuals  vators' adopters'  network Totals

Included in
regression
anaslysis « . . . . .. 56 y 6 9 75

Dropped from analysis
beceuse responderis
had been dairy
farmers less than
ten years . . . . . . 1 - l - 19

Dropped from regression
analysis becaune
respondents adopted
prior to 1952 (i.e.
they were deviant cases) - Z - - 2

Dropped because rcspondents
gave no response on year
of adoption . . . . . ] - - - 1

Total . . . . ... 72 6 10 9 97

- Represents zero,

concerning the silo which was carried by each channel. The author did
not have the resources to carry out this task. However, in the time
available it was possible to locate and content analyze 21 Issues of

Revista dos Criadores, 17 issues of Coopercotia, 26 issues of 0 Dirlgente

Rural, and 28 issues of A kealidade Rural. The summary of the results

of this content analysis appears in Table 4.6. A summary of the message
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input data for the simulation runs appcars in Table 4.7. Empirical

values (underiined) were entered for Revista dos Criadores, Coopercotia,

0 Dirigente Rural, and A Pealidode Rural for those periods in which

data from the content analysis were available. Otherwise, values
based on the average-per-period values in the last column of Table h.6
werc used as input data. The values were modifled by a monctonically
increasing step function under the assumption that the media probably
were carrying increasingly more information aobout silos as time went

L4
by. Sltios e Fazcndas and Selecfies Agricolas were considered to yive

about the same emphasis to dairy farming as did Coopcrcutia, a mogezine

less oriented to dairy farming than Reviste dos Criadores, 0 Diricente

,
Rural, and A Realidade Rural. Thus Sitics e Farendas and Selecin o

Agricolas werc assigned approximately the same input valuves as (ovopercotin.
0 Ruralista is a biweekly agriculturel newspaper vhich staited
publication in 1963, The one issue which the author saw had eight
pages. The agricultural magazines cited above averaged 70 to 100
pages per issue. In one sense, 0 Ruralista is similar to the special
agricultural sections carried by some of the metropolitan newspapers.
UnfortunStely, the author did not have time to locate and content
analyze these newspaper channels, and thus the input values for the
messages carried by these channels had to be rather arbitrarily
Psslgned. The author had little information about the extent of the
agricultural coverage by the four main newspapers most frequently read
by the farmers in Conceigdo. He did see one agricultural supplement

of the Estado de Minas published in Belo Ho.lzonte, [t also contained

elght pages devoted to agricultural matters. |t was teported by one of

the Interviewers that one of the newspapers from Rio de Janeiro did not
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TABLE h.6  Quantity of lnformaiion about Silo Usage appearing in Four
Agricultural Magazines

Average quantity

Humber of Average quantity  of information per

Issues per issue six-morih peorion

Magazine analyzed (square inches) (square inches)
Revista dos Criadores . . 21 54 32h
Coopercotio . . . . . . . 17 & Ls
0 Dirigente Rural o . . . 26 22 130
A Reelidade Rural . . . . 28 28 1407

a . : . o . .
A Realidalde Burail averaged only & issucs pear cix-month period; the othar

threo avereged G issues per period.

—— — —

have an agricultural section as such. 0Only an cconomic-business vection
which also carried information on agricultural matters. The author was
unable to verity this.

In spite of these uncertainties, there is somz evidence that the
agricultural pages in newspapers were carrying information about silos.
The data In Table 3.7 indicate that almost as many farmcrs (46 percent)
reported obtaining information about silos from newspapers as reported
obtaining information from magazines (49 pcrcent). Also readership
of the agricultural pages correlated even more strongly (-0.59) with
the year of silo adoption than did agricultural magazine readership
(-0.50). This was particularly true in the multiple correlations
(see Table 4,3). These correlations do not necessarily prove that the
newspaper channels were carrying Innovation information which influenced
farmers to adopt these Innovations. It could be that newspaper readership

Is an Index of a complex of Intellectual and motivational characteristics
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TABLE 4.7 Quantity of Actual and Estimated Inférmation about Silos
Carried by the Print Media for Cach Simulated Tiwe Period

mmn e et A 45 Seamant, L P——

In square inches of space devoted to silos. The underlined figures
represent cmpirical data gathered by means of a coment analysis of the
channels. The remaining figures are estimales and extrapolations.
Sitios
e
Fazen—
das
and
Revista 0 A Sele-
dos Diri-  Reali- es. o
Cria- ~ Cooper-. Ebnte dade Agri-. nggl;) News=
Year _q_orcsd cotias  Rural Rural” Eﬁlﬁﬁf ista papersc
1957 300 20 100 0 25 0 1540
300 20 100 0 25 0 140
1958 300 20 110 50 25 0 150
300 20 110 50 25 0 140
1959 300 20 110 75 75 0 140
300 20 110 75 25 0 140
1960 300 30 120 100 25 0 140
300 30 120 100 75 o 150
1961 300 30 120 120 25 0 1h
300 30 120 120 25 0 146
1962 325 30 120 130 30 0 150
325 30 120 130 30 0 150
1963 ] 30 130 140 30 80 150
480 30 130 375 30 80 150
1964 325 Lo 130 - 90 30 90 150
325 Lo 130 70 30 90 150
1965 172 0 193 230 30 100 150
325 138 0 37 30 100 150
1966 325 R 172 0 30 110 150
325 Lo 0 ] 30 110 150
1967 485 10 19% 140 35 120 160
325 To 0 4] 35 . 120 160
1968 325 Lo 130 140 35 120 160
325 Lo 130 140 35 120 160
1969 325 Lo 130 140 35 120 160
325 Lo 130 140 35 120 160
1970 325 Lo 130 140 35 120 160
325 Lo 130 140 35 120 160
1971 325 Lo 130 140 35 120 160
325 ho 130 140 35 120 160
1972 350 Lo 140 160 Lo 120 170
350 Lo 140 160 ho 120 170
1973 350 Lo 140 160 Lo 120 170
350 ho 140 160 Lo 120 170
1974 350 ho 140 160 ho 120 170
350 Lo 140 160 Lo 120 170
aMonthly magazine. bBiweekly agricultural newspaper started in 1963.

c .
Aaricultural paues in newspapers.
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that are associated with innovativencss. Hevertheless, the correlalions do
not damage the case that the newspaper channels probably were carrying
innovation information. On this basis, then, each newspaper channel was
assigned a message input value equivalent to the average message input
value for the four magazine channels: 160 square inches of informaiion
per six-month period. 0 Ruraliste, being biwceekly, was assigned somewhat
lower message input values. l

The data available on information carricd by the one agricultural

radio program Farmer's Hour was also vzry sketchy. The program

manager reported that the slation did not save old radio scripts. He
estimated that approximately 70 shoit advisories on the benefits of
using a silo had been made during the last year. The sample script
included in Appendix A indicates that such an advisory might last
approximately one-half minute. Thus the quantity of information that

was broadcast over the Farmer's Hour during the first six-month time

period of 1967 was estimated to be about 20 minutes worth. The rest
of the time periods were assigned values which ranged from 10 minutes

in 1957 to 25 minutes in 1974,

Exogeneous variables: meetings of local arganizations

SINDI 2 also required as input the number of meetings held by each
local organization during a given time period. This data was not
specifically obtained during the research. Furthermore, there were
' complications because the yeneral agricultural cooperative in ConceigSB
do Rio Verde had been disbanded and a new dairy cooperative had been
formed. These events had taken place within the year prior to the

collection of the field data (in 1966). The Phase 2.8 questionnaire
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did make a distinction between the old and the new cooperative in asking
about attendance at cooperative meetings. However, for purposes of

the simulation the old cooperative and the new cooperative were treated
as one continuous organization. VWhen asked about attendance at the
cooperative meetings during thc past year,‘four respondents reported
attendance at more than 12 meetings. However, some of thc meetings may
have been mectings held among a few members for the purpose of planning
the new cooperative. An arbitrary value of six meetings per period

was chosen for ten periods surrounding the time of the formation of the
new cooperative and four meetinygs per year for the rest of the time

periods.

Tuning parameters

There are eight '"‘tuning' parameters included 1n the simulation
model. These can also be thought of as the empirical constants in the
model which must be evaluated by applying the model to real-world data.
In any brench of science an investigator may postulate a set of relation-
ships about some phenomenon and then evaluate the constants In the
expressions by ''curve-fitting' his expressions to the real-world case.

The method for tuning the output of SINDI 2 to the real-world data
was to adjust the paramcters in order to obtain first the best fit
between the simulated cumulative adoption curve and the real-world
cumulative adoption curve (i.e. agreement at the macro or aggregate
level) as measured by the Kolmogorov-Smirnov two-sample test, and second
the best correlation between the simulated times of adoption and the
empirical tlmes of adoption for Individual subjects (i.e. agreement at

the micro level).
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Two parameters, RISTMN and RISTSD, specified the shape of the
"resistance-to-adopting-X" distribution, X in this case being a silo.
The objective in choosing these two paramncters was to transform the
distribution of the raw resistence factor to the resistance factor used
in the simulation. The raw resistance factor was scaled as an interval
scale SINDI 2 rcquires that the resistance factor be scaled as a ratio
scale; in other words, a resistance of 40 is assumed to be twice the
resistance of 20 -~ a characteristic only valid for a ratio scale.

Since the units of resistance are arbitrary, the mean of the resistance
distribution, RISTMN, was arbitrarily chosen to be 50. The valu: of
the standard deviation, RISTSD, would be selected so that a few
simulatea individuals would have a low resistance,

It was also necessary to consider values for the Tour influence
parameters: CMAGHW, CRADTV, CHMLORG, CNEHBR. These porameters specified
the degree to which an individual's resistance is overcome as a result
of his exposure to units of innovation messages curried by the print
media and the electronic media and to discussions with adopters
encountered at meetings of local organizations and individually. The
data in Tables 3.8, 3.21, and 3.22 suggested that word-of-mouth discussions
seemed to be the most important influencing process in the diffusion of
silos in Conceing. It was decided that the value of CNEHBR should be
initially chosen so that pairwise discussions would account for
approximately 75 percent of the total influence effect from all
channels on the simulated population. Since print media exposure
contributed strongly to the multiple regression analysis of silo adoption,
it was felt that‘for the initial simulation run CHMAGNW should be chosen

so that the Influence effect of the print nmedlia contributed about 20
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percent of the total influence effect. Finally, the data seemed to
suggest that exposure to radio programs and attendance at cooperative
meetIngs played a less important role in the influence process. Thus

it was felt that CRADTV and CMLORG should be chosen so that these two
channels together accounted for only about § percent of the total effect.
In subsequent runs the values of the influence parameters would be
altered In crder to obtain the best-fit sct of parameters.

The final two tuning parameters, CINFLU and CINERT, are empirical
constants in the relationships which express the degree to which an
individual Is Ir.fluenced by his interaction with sociometric choice
partners. CINFLU scales the raw frequency of interaction to an
"effective' frequency of interaction. In a serles of tuning runs
CINFLU was varled from 0.u to 1.0. CINERT determines the extent to
which the influence effect from an individual's interaction with
adopters among his circle of sociometric choice partners is reduced
as a result of his interaction with nonadopters among his partners,

In a series of simulation runs CINERT was al-lowed to vary from 0.0 to 0.5.

The “'Best-fit" Simulation Run for Silo Diffusion

Two méjor criteria were used to determine the "best-fit' simulation
run. Fiest, at the aggregate level, the simulated cumulative adoptiun
curve was compared with the real-world cumulative adoption using the
Kolmogorov-Smirnov two-sample test for goodness-of-fit. Second, at
the micro level, the correlation between the simulated adoption times
and the real-world adoption times was examined. Since there are two
criteria to be maximized, the best-fit aggregate solution and the

highest correlation, it usually is not possible to find a single



solution which will satizfy both criteria. One can elther choose a
simulation run which will maximize one criterion while stil) scoring
acceptably well on the other criterion and vice versa, or onc can choose
a simulation run which is a compromise between maximizing one or the
other criterion.

fn the application of SINDI 2 to the diffusion of silos among 88
dairy farmers in Conceiqﬂé do Rio Verde the best-Tit simulation run
was selected which gave the highest correlaticn at the micro lavel while
still performing satisfactorily at the aggregate level., The best-fit
run was achieved with the tuning parameters set at the following values:
the mean of the simulation resistance distribution (RISTMN) was set at
50 units of resistance to silo adoption while the standard Jeviation
of this distribution (RISTSD) was set at 31 resistance units. As for
the in%luenca paramcters, CMAGNW was set to 0.0071 influence units per
square Inch of print media; CRADTV, to 0.01! influence units per minute
of the electronic media; CMLORG, to 0.0093 influencc units per Interaction
with adopters at meetings of local organizations; and CNEHBR, to 1.12
influence units per interaction raised to the power of CINFLU. CINFLU,
the power .to which the raw frequency of interpersonal Interaction was
raised, took on a value of 0.25 (a pure number); CINERT,which determines
the degree of negative influence from interaction with nonadopters
also took on a value of 0.25 (a pure numher).

Another Important characteristic of the best-fit run was that
the credibility variable (CREDIBIJ),which appears in the sociometric
influence equations (A-34 and Indirectly A-85), was preset to have the
same value (0.82) for all sociometric inieractions. This value of

0.82 represented the average of the empirical values of the ladder
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ratings (divided by '0) giwen by the respondents for the discussion
partners and opinion leaders which they named. Using the same value for
the credibility variable resulted in a higher correlation at the micro
level than using the empirical values given by the respondents. This result
will be further discussed in the following section on sensitivity

testing.

At the aggregate level Figuire 4.2 presents a visual comparison
between the simulated cumulative adoption curve and the real-world
cumulative adoption curves.3 Application of the Kolmogorov-Smirnov
two-sample test for goodness-of-fit between the two distributions
(M = 88) yielded a value of 0.62 for the probability that the two
distributions came from the same population. Since the simulated
adoption times of the innovators and external adopters were set by

SINDI 2 to be equal to their empirical adoption times, the two "samples'

3Figures 4,2, 4.5, and 4.7 were produced directly by the computer on
the line printer. Each figure contains a simulated cumulative adoption
curve represented by O's and an empirical adoptiocn curve represented
by X's. For those points at which the two plots coincide, only the
symbol 0 is printed. A line was drawn through each set of symbols to
represent the cumulative curve. The step-like appearance of each curve
results from several factors. First, the resolution of the graph on the
original computer print-out is only to one-sixthk of an inch along the
vertical axis and one~tenth of an inch along the horizontal axis.
Second, the fact that there are 88 discrete subjects will cause discrete
steps to appecar in the cumulative curves. Third, the adoption times
themselves can only take on certain values: the simulated data can
take or mid-half-year values, e.g. 1965.25 or 1959.75, and the empirical
data can take only mid-year values, e.g. 1964.50. Thus the cumulative
adoption curves will only change ordinate values ¢t these respective
sets of abcissa values. Finally, those respondznts who had not
adopted the particular innovation by the time of data collection in
July, 1967, were arbitrarily assigned future years of adoption (e.g.
1968.5, 1971.5, or 1975.25) on what they said that they planned to do.
Al of these factors contribute to the step-like appearance of the
cumulative distribution curves. Rather than draw smooth curves through
the data points, the author drew the graphs in the form of step functions
because the Kolmogorov-Smirrov two-sample test and the calculation of the
area between the two plots was applied to the data in this form,
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/
were not totally independert of one another. When the Innovators and

external adopters were excluded from' the two population ''samples'
(resulting in an N of 72), the corrected Kolmogorov-Smirnov probability
. was equal to 0.49. The uncorrected probability of 0.62 was considered
acceptable because the maximum deviation between the simulated and
empirical curves occurred at a value of 1968.5, the point at which 15
subjects who had not adopted by the time of data collection were
arbitrarily assigned an adoption time because they indicated that they
planned to adopt the innovation in the future. Visual comparison of.
the two curves suggests that if there had been no discontinuity in the
empirical curve it probably would have been possible to achieve a
better fit as measured by the Kolmogorov-Smirnov test.

At the micro level, Table 4.8 presents a comparison between the
performance of SIND! 2 in predicting individual adoption times and the
performance of the general linear regression model of innovation
diffuston (LRMID) which predicted individual adoption times from ten
independent attitudinal, ecconomic, and communication variables (see
Table 4.3). Both models explained approximately 48 percent of the
variance in the empirical adoption times. For an N of 72 the 95
percent confidence limits below and above this value of the explaincd
variance are 0.3) and 0.64, Note that SINDI 2 also performed somewhat
better in predicting adoption times than did the resistance factor which
was derived from a multiple partiai-regression analysis based on only
the attitudinci-~conomic variables. This is important because the
res|str~oe factor accounts for over 60 percent of the variance in the
simulated output from SINDI 2; thus, it appears that SINDI 2 has

added something to the predictive ability of the raw data inputs.
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However, one would have expected SINDI 2 to have performed bettcr than
both resistance factor and the general linear regression model in
predicting individual adoption times, because the simulation mode! not
only took {nto account the variables which were included in the linear
regression model but élso modeled the interpersonal communication
subprocess which was not taken into account by the linear regression
model, One would think that the flow of information and influcnce
through the interpersonal communication network would account for a
signfficant part of the pattern of diffusion in the community. At this
point it Is not clear how much contribution SINDI 2 is making toward
modeling the overall diffusion process. The sensitivity analysis which
is discussed later will throw more light on this question.
TABLE 4.8 Comparison of the Micro Levcl Performance of SINDI 2 and
the General Linear Reqrescion Model of Inrovation

Diffusion (LRMID) for Predicting Individucl Adoption
Times in the Case of Silo Diffusion

Correlations are based on an N of 72 which excludes innovators and
external adopters. ‘'Adeption' refers to the time at which an individual
subject adopted the silo. ‘

Common or

Correlation explained

- coefficient variance

Variables r r2
Best-fit simulation run by SINDI 2

Simulated adoption x real-world adoption 0.695 0.483

Regression resistance x real-world adoption 0.681 0.464

Regression resistance x simulated adoption 0.787 0.619

Linear regression model of innovation diffusion (LRMID)

Predicted adoption x real-world adoption 0.696 0.484




Other results from this best-fit run are worth noting. At the
aggregatc level, the percentage contribution from cach of the four
channels to the total influence effect was as follows:

Percent of

Channel total influence
Magazines and newspapers 23.6
Radio programs 1.4
Local meeting interaction 2.6
Sociometric interaction 72. 4

At the micro level, a detailed summary of the simulated adoption time,
community entry time and dairy operation start-up time (printed if
both occurred later than 1957.0), and the distribution of influence
from four channels are given in Table 4.9 for each Individual subject

included in the simulated population.

Sensitivity Testing

A series of runs was made to determine how the model responded

to changes In the tuning parameters and other input data.

Parameters of the resistance distribution

The mean of the resistance distribution, RISTMN, had been arbitrarily
set at a value of 50 resistance units. All other values of the tuning
parameters were then varied in order to achieve a best-fit of the
simulated output with the real-world data. Thus the value 6f RIS THN
remained unchanged throughout the sensitivity checking.

Changing the value of the standard deviation of the resistance
distribution, RISTSD, had the effect of peaking or flattening the
bell-shaped frequency distribution curve of simulated adoption times.

This effect Is equivalent to changing the rate of the rise of the S-shaped

cumulative adoption curve. During the search for the best-fit run,
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the value of RISTSD was adjusted so as to make the simulated cumulative
adoption curve behave properly at the beginning of the simulation; in
other werds, to avold either too slow or too rapid a bulld-up during

the first several timc periods.

Influence parameters: CHAGNW, CNTHBR, CRADTV, CHMLORG

A series of runs wos made to explore the effect on the simulated
output of changing thc relative proportions of total influence resulting
from print media exposure versus sociometric interaction. The values
of CMAGNW and CNEHBR were varied inversely in order to adjust the percen-
tage contribution of influence from each of the two sources for each run,
The effect on the correlation betwecn the simulated adoption times and
empirical adoption times of different percentage contributions to total
influence from print media expoture and sociometric influence is
plotted in Figure 4.3, The highest values for the variance of empirical
adoption times explained by the simulation occurred in the range between
62 to 75 percent for sociometric influence as a percent of total
influence. In this range the print media contributed approximately 20
to 30 percent of the total influence. The contribution of the other two
sources, electronic media and interaction with adopters at local organ-
ization meetings, was held relatively constant at between L and §
percent of the total influence. These best~fit percentages hold true
for one Innovation In one community. They are likely to he somewhat
different under other circumstances. Nevertheless the influence parameters
assoclated with ++1s best-fit solution should be more stable than the
percentages acinss different situations. The question of the stability

of the best-fit parameters for other Innovations and in other communitles
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Figure 4.3 Variance explained in empirical adoption times
by the simulated adoption times as a function of percent

of soclometric influence. Print media varied from 1.9 to
45.5 percent of the total influence from all sources on the
simulated population. The combined influence Trom the one
agricultural radio program and from interaction with
adopters at the meetings of the local cooperative varied
slightly from 3.5 to 4.7 percent of the total.
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will be discussed further in Chapter V.
For several reasons, no further runs werc made to explore other mixes
of the four influence parameters. In the tirst place, there are many
“possible mixes of the four parameters -- many more than could be conven-
iently explored. Furiher, the multiple rcgression analysis indicated that
exposure to the one agricultural radio program and intcraction with
adopters at the meetings of the local cooperative had only a weak effect
on year of sllo adoption. Therefore these sources were restricted to
have only a very minimum effect in the simulation run.

Sociometric interaction paramcters:
CINFLU and CINERT

In a series of runs, CINFLU, the exponent of raw frequency-of-
interaction term, was varied from 0.0 to 1.6, and CINTRT, the veighting
factor for the inertial effect from talking with nonadopters, was varied
from 0.0 to 0.50. Results of this series of runs are shown in Table
4.10. As indicated the best-fit run occurred when CINFLU equaled
0.25 and CINERT equaled 0.25. Another series of runs in which CINFLU and
CINERT were cach varied slightly in the vicinity of 0.25 was made but no
significant ihprovement in the results was noted over the results for the
values above. When CINFLU was equal to 0.25, an adopter with whom discussions
were held approximately 150 times during a six-month period was only about
3.5 times as Influential as a person with whom dlscugsions were held only
once during a six-month period.

There may be several factors at work which would explain this
result. First, It was noted in Chapter 111 (Table 3.19) that, in general,
individuals interacted less frequently with recognized opinlon leaders

in the community than with their close friends and discussion partners.
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At the same Lime, opinion leaders, particularly those opinion leaders
who were olso mentioned as discussion partners, were given somewhat
higher credibility ratings than individuals who were named solely as
discussion partners (see Table 3.20). Thus it may be that individuals
who were named less frequently had somewhat higher prestige and thus
proportionally greater influence per communication situation than the
Nrun-of-the-mi 11" discussion partner. Second, it may be that when

a potential adopter Interacts very frequently with an adopter he
becomes jaded to the adopter's new situation. Constant interaction

with the same "new' situation makes that particular situation lose its

jmpact and effect. on the other hand, when a potential adopter interacts

with an individual whom he sees less frequently he may be more likely
to inquire about any changes in that person's ¢ltuation since their
last meeting. This Is similar to being asked by a friend whom one has
not seen for a long time, "What's new?'' Further, there 1s also a
tendency to treat people as units regardless of the frequency of
interaction with them. That is to say that a potential adopter may be
Influenced by the fact that, for example, six out of the ten persons
with whom he has had conversations during the preceeding year rel:ied
to his work enterprise have adopted a specific innovation, even though
he may Interact with three of the six adopters much less frequently
than with his other contacts. All of these factors suygesl that the
influence resulting from interactiont with adopters will be neither
totally lauependent of the frequency of interaction nor directly
proportional to it but rather proportional to some power of the raw

frequency, In this casc a power of 0.25.
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TABLE 4.10 Effect of Varying CINFLU and CINERT on the Cemmon Variance
between Empirical Adoption Times and Simulatcd Adoption Times

- —— - . - ot s

The figu.res in the right-hand three columns reprcsent the common variance
between the simulated adoption times avd the empirical adoption {imes.

in the different simulation runs sociometric influence varicd slightly
between 69.2 and 76.1 percent of the total influence on the simulatad
population.

CINERT
CINFLU 0.00 0.25 0.50
0.00 . . . v v v . v v e e 0.436 0.457 0.h46
0.25 . . .« . . .. . . . 0.477 * 0,483 0.l
0.50 e e e e e e e e e 0.473 0.h¢0 0.h49
0.75 e e e e e e e e e e 0.4 0.413 0.413
1.00 C e e e e e e e e e e 0.417 0.356 0,352

* Best-fit run.

@ et e ———

Likewise, the results indicated that it was nccessary to include in
the sociometric interaction equation an inertial term which took into
account interaction with nonadopters. This too can be considered the
result of the tendency to treat people as units and to be infiuenced
by the percentage of one's acquaintances who have adopted the innovation.
Thus, for example, a potential adopter who Interacts with three adopters
and no nonadopters is likely to be influenced to adopt an innovation
more than the person who interacts with three adopters and four

nonadopters.

Reciprocatl sociometric choices

The standard simulation runs were made using the sociometric
dats as collected. In other words, for the sociometric interaction
part of the simulation each Individual could be influenced only by

people whom he named as belonging to his circle of discussion partners
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and opinion leaders. Most of the dyadic relationships in the simulation
were nonreciprocal. Specifically, 79 percent of the 99 dyads in which
the person was named solely as a discussion partner were nonreciprocal;
89 percent of the 106 dyads in which the person was named as both a
discussion partrer and an opinion leader were nonreciprocal; and §7
percent of the 115 dyads in which the person was named sclely as an
opinion leader were nonrecipiocal. The high percentage of nonreciprocal
dyads in the case of opinion leaders is not surprising; however, the
fact that closc to 80 percent of the dyads involving discussion partners
were nonreciprocal Is surprising. One would have expected a inuch

lower percent of nonreciprocal dyads.

To check whether the predictive capability of SINDI 2 would be
improved if the nonreciprocal dyads involving discussion partners werce
made reciprocal, a series of runs was made with three augmented
sociometric input decks. 1In the first input deck all nonreciprocal
dyads with a person named solely as a discussion partner were made
reciprocal. The frequency of discussion was set equal to the frequency
in the oTiginal dyad. A second augmented sociometric input deck was
formed in the same way for all nonreciprocal dyads invo.ving any
person who was named as a disct ision partner even if he was also
named as an opinion leader. A third deck was made in which all
nonreciprocal dyads were made reciprocal. The explalned variances
resulting for each run fell in the range of 0.33 to 0.40. It appears
thét the orlginal sociometric deck did the best job of delineating
the communication network for the flow of innovation information and

Influence.
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Randomized socinmeiric data

In order to determine how much of the explained variance was
accounted for by the communication network as specified in the original
sociometric dezk, three runs were made with three randomized sociomctric
decks. The randomized sociometric decks were constructed by randomly
distributirg the 324 persons mentioned, the variable NAMED, among the
324 dyads. The frequency of discussion remained the same for a
particular dyad; only the person mentioned was changed. The explained
variances for the three runs were 6.42, 0.39, and 0.41, or an avcrage
of 0.4]. The correlation between the adoption times predicted
from the best-¥it simulation run and the empiricaIAadoption times is
significantly greater at the 0.10 ievel of confidence than the
correlation between the adoption times predicted from the third
randomized sociometric rua and the empirical adoption times.h Thus
approximately 15 percent of the total explained variance was accounted
for by the communication network specified by the sociometric interaction
data. Examination of tne simulated cumulative adoption curves for the
runs with randomized sociometric decks indicated that the original
curve had been affected but not greatly. The main effect was a slight
delay in the beginning of the rise followed by a more rapid rise than than
the original curve. This finding adds further confirmation to the
findings reported by other diffusion researchers that an Individual';
place in the communication network of a community can affect the time

at which he becomes an adopter. Coleman, Katz, and Menzel (1966)

hThe correlation between the two sets of simulated adoption times
was 0.910. For the method of testing the statistical difference
between two correlations from the same sample, seec Blalock (1960, p. 311).
4
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reported similar findings in their study of the diffusion of a new drug

among physiclans.

Raw resistance Ffactor (RFOR41IX)

As was discussed carlier in this chapter, the raw resistance
factor distribution (REGRMIX) was formed as a weightcd average of two
other distributions which were based on multiple regression analyses of
the year of silo adoption. One of the base distributions, REGRM, was
made up of the predicted values for the year of silo adoption which
were calculated from a straightforward multiple regression cquation
having attitudinal and economic variables of the individual subjects
as the independent variables. The other base distribution was derived
in a slightly more complicated fashion. First, residuals on the year
of silo adoption were predicted from a multiple-partial regression
equation using the residuals of -the attitudinal and economic variables
as the independent variables after the communication variables had been
partialled out of the analysis. This preliminary distribution of resi-
duals was linearly transformed to a new distribution which had the
same mean and standard deviation as the multiple regression distribution
(REGRM). This new distribution was referred to as the ftransformed
multiple-partial regression distribution (TREGRMP) . As would have been
expected, the transformed multiple-partial regression distribution
(TREGRMP) had @ lower correlation with the empirical adoption
distribution than did the multiple regression distribution(REGRM).

The raw resistance factor distribution (REGRMIX) was formed from an
average of the nultiple regression distribution (REGRM) welighted by f

and the transformed multiple-partial regression distribution (TREGRNMP)
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weighted by (1 - f). The symbol f stands for a pdre fractional nunber
between zero and one. A series of five runs was made in which the
weighting fraction f wus set equal to the values of 0.00, 0.25, 0.50,
0.75, and 1.00. These runs changed the rclative contributions of (he
multiple regression distributio, (RLGRM) and the multiple-partial
regression distribution (TREGRMP) to the raw resistance distribution
(REGRMIX). The results are plotted in Figurc h.4. As was to be
expected, the correlation (as measured by rz) between the regression
resistance factors and the empirical adoption times increased with the
Iincrease in the relative contribution of the multiple regression
distribution REGRM) to the overall raw resistance disiribution (REGRMIX).
The surprising result, shown in Figure 4.4, is that the correlation
bectween the simulated adoption times and the empirical adoption times
remained relatively constant over the different compositions of the

raw resistance factor (REGRMIX). One might have expected the correlation
between the simulated output und the real-world data to have fallen

off proportionally to the decrease in the correlation between the raw
resistance distribution and the empirical adoption times for decreasing
values of the weighting factor f. One might also have expected the
correlation between the regression resistance factors and the simulated
adoption times to have remained relatively constant for the different
values of the weighting factor. In other words, the manner in which the
raw resistance factors were determined should have had no effect on how
SINDI 2 processed these factors in producing the simulated results. It
appears that there may have been a relatively complicated interaction

between the communication subprocess and the resistance subprocess as
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modeled by SINDI 2, The communication varlables,Aparticularly the
mass media exposure variables, can ;ffcct the simutated output In two
ways. In SINDI 2 the mass media exposure variables usually affect the
simulated output through the part of the model which simulates the
flow of information from the mass media to the potential adopters.
However, the mass media exposure variables can also affect the
simulated output through their indirect contribution to predicting the
regression resistance factor. One would expect that the greater the
contribution of the multiple regression distribution (REGRM) to the raw
resistance distribution (REGRMIX), then the larger the effect of the
mass media exposure variables on the simulated output via the resistance
factors in the simulation modcl. It appecars that when the raw resistence
factor (RCGRMIX) is comprised primarily of the multiple-partial regression
distribut}on (TREGRMP), then the mass media variables affect the simulated
output primarily through the communication subprocess which is simulated
by SINDI 2. On the other hand, when the raw resistance distribution
(REGRMIX) is comprised mainly of the multiple regression resistance
(REGRM), then the mass media exposure variables probably affect the
simulated output through both the communication subprocess and the
resistance-to-innovating subprocess but in a nonadditive manner,

Aithough there was relatively little change in the correlation
between the simulated adoption times and the empirical adoption times
for the various compositions of the raw resistance distribution
(REGRMIX) , rtheless It is interesting to note that the correlation
reaches Its maximum value @t a value of f equal to approximately 0.75.
As was discussed earlier In the chapter this value was considered to be

a reasonable weighting factor for partitioning the common variance
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between the attitudinal-cconomic variables and tﬁe communication
variables. This suggests, though not conclusivelf, that at this
particular composition of the raw resistance distribution, the
communication variables work through the communication subprocess and
the resistance-to-innovating subprocess to make their maximum effect

on the simulated output. .

Credibility rating of sociometric choices

Each respondent was asked to rate each of his sociometric choices on a
0 to 10 ladder scale of credibility, which was scaled t» a range of 0.0
to 1.0 for use as a multiplicative factor in the sociometric Influence
equations (A-33 and A-84). However, the best-fit simulation run occurred
when the scaled credibility rating for all sociometric choices was set
equal to the average value of 0,82,

In a simulation run in which the credibility attributes were set equal
to their empirical values, the variance in the empirical adoption times
explained by the simulated adoption times decreased from 0.483 to 0.456,

In this run the Kolmogorov-Smirnov goodness-of-fit probability Increcased
from 0.62 to 0.86 although the visual goodness-of-fit was not noticeably
better than the visual fit seen in Figure 4.2 for the baist-fit run. Since
the time required to explain the -cale iv the respondent and to cbtain the
ratings for each sociom:ztric choice was not insignificant, one

concludes that [i is not worth the effort to include the credibility
attribute as part of the simulation model. There are probably several
reasons why Inclusion of the credibility attribute did not improve the
predictability of SINDI 2. The first point Is related to the fact th:*

a large percentage of the soclometr!c dyads were nonreciprocal,
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particularly those in which the respondent wos askéd to nome people

with whom he discussed motters of dairy farming. 1t may be theu the
response to this scciomelric question is the natural credibility

filter: respondents for the most part did not name people lower in
credibility and status than themselves but rethor named people from

whom they felt they had recoived useful information over the years,

It may be that, as suggested earlicr, inforimation and influence regarding
technical innovations flow through sociometric communication channeis
which in fact are very nonrcciprocal. This notion fits in with the

fact that 38 percent of the persons who were naned received a

credibility rating of 10, with 79 percent of the persons who were

named receiving a rating of 7 or gr=atcr. One also suspects that Lhe
test-retest reliability of the credibility measure would be lov.

And finally, setting the exponent (CINFLU) of the intciaction {requency
in the sociometric influence equation (A-33) to a value of 0.25 may
increase the relative influence of opinion leaders (with whom discussions
were held less frequently) versus discussion partners more than the

minor variations in the credibility ratings increase their Influence.

Community entry time and dairy
operation start-up time

A check was made to sce the effect on the simulated output of
ignoring the fact that 20 simulated individuals migrated into the community
after the starting time of the simulation and 22 individuals began
their dalry operations after the starting time. When a run was made in
which each individual's community entry time and the operation start-up
time were arbitrarily set to occur prior to the sinulation starting

time, the explained variance fell to a value of 0.h25 for N of 82. The
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comnei variance between the regression resistance and the cmpirical
édoption Limes also fell to a value of 0,435 frow 0.hGh.  Onc concludes
then that inclusion of the community contry times and enterpiise
start-up times has an effect on the sinulated output (though not quiic

statistically significant).

Number 564"y adop tion Lime

Respondent Number 564 presented an interesting problem. He received
the highest number of sociometric nominations, o total of 54, Becausz the
domain of his influence was so large, the time at which he became an adopter
would greatly affect the course of the diffusion process. Although he had
been nominated by 54 other persons, hie himself named only cie other individ-
ual, Humber 562, as an opinion leader-discussion partner. Number 562
entered the community in 1963 as an cxternal adoptor, which meant that he
would not start influencing Number 564 until that time. Because Number 564
was so influential in the community it was decided that for the standard
simulation runs he would be preset to adopt at his empirical adoption time
of 1962.5.

In a run in which Number 564 was allowed to be a fully simuiated indi-
vidual, he adopted at 1961.75 with close to 100 percent of the influence
upon him coming from the print media. The explained variance for this
run rose from 0.483 to 0.490.

A run was also made in which Number 564 was preset as an innovator.
The purpose of this run was to allow Number 564 not only to act on his own
behalf during the simulation run but also to simulate the influencing acti-
vity of Number 652, As was mentioned carlier, Number 652 wa, an important

opinton leader with regard to siles during the 1950's and early 1960's but



had retired from dairy farming severcl years bcfofo data collection in 1967,
Since Number 65,2 had not been intervicwed it was not pessible to includ: him
in the simulatcd population. The explainced variance for this run increased
to 0.434,

This latter run might have been considered as the best-1it run except
that at the aggregate level the it between the simulated and cmpirical cume-
lative adoption curves declined notfconb]y. Further trial-and-error varia-
tion of the tuning paramcters in order to improve the it aL the agurcgote
level would be nceded and this might change the micro level correlation,

The important point is thot there wos some improvement in the micro level
correlation vhen Number 564 was preset as an innovator in order to

simulate the influence of Number 652 during the late 1950's

"What=if" run:  doubling niess media messages

Once thc'model has been tuned to the real-world diffusion process and
can be assumed to be a reasonably valid representation of this process,
then it is possible to ask a question of the variety "What would happen to
the diffusion curve if certain changes were made in the controllable inputs?"
"Controliahle' implies controlled from the standpoint of an ex.crnal change
agent. Figure 4.5 shows the effect on the cumulative adouption curve when
the quantity of information carried by the mass media is doubled duiing
the eighteen years of the simulation run. The behavior of the model sug-
gests that the rate of innovation diffusion would increase somewhat but
certainly not proportionally to the increase in the flow of mass media

messages.

Simulatior of Forage Grass ilot Diffusion

In a final series of runs SINDI 2 was applied to the diffusion of
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cSee Tahle 3.3.

The mass media message inputs dealing with foroge grass plots
were determined in the same manner as for the case of silos. Table

4.12 summarizes the content analysis of four magazines to determine the
quantity of information carricd about forage grass plots. Overall,

these four magazines carricd about 12 percent less . information about
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forage grass plots than information about silos. "The information

inputs from the other magazines were estimated to reflect the messaye

inputs from these four magazines in the manner discussed earlier in the

case of silo information. The newspapers were assumed to carry the

same amount of infcrmation about forage grass plots &s about silos.

TABLE 4.12 Quantity of Information about the Use of Forage Grass Plots

Appearing in Four Agricultural Magazines

The data in the right-hand column below are based on content analysis of

selected issues In the period from 1963 to 1857.

Average

quantity of

Humber inforation per

of issues six-month period

Magazine analyzed (square inches)
Revista dos Criadores . . . « « « 2} 27
COOPErcotia « o v o v v o v 0 o o = 17 5
0 Dirigente Rural o v o v v v v o s 26 215
A Realidade Rural . « « « « « o o 28 310

The results of a simulation started at 1955.0 with 10 percent of the

88 subjects preset as innovators and with Number 564 preset tc
at 1957.5 are shown in Figure 4.7. The simulated curve follow
empirical curve better than in the case of silo diffusion; the
Kolmogorov-Smirnov probability Is 0.86. However, good agréemﬂ
the aggregate level Is expected, since thc two diffusion proce
appear to be so similar, and also the discontinuity in the emg
adoption curve at 1968.5 is less than in the case of silo diffu
The percent ccutribution from each of the four channels to the

influen-e on the simulated population is as follows:

Jtopt

.rected
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it explained in Lhe case o? silo diffusion. The controlling factor

in this case was that the regression resistance explained only 21 percent
of the varlance in the empirical adopticn times while accounting for
approximately 62 percent of the varionce in the sinulated output. The
ability of SINDI 2 to predict the empirical aduption times was constrainad
from the very beginning by the low corrclation hetween the resistance
factors and the empirical edoption rimes.

A series of runs was made using the three randemized sociometric
decks which were used for ansitivity testing of SINDI 2 in thz case of
silo diffusion. The variances in empirical adcpuion times explained by
the three runs were 0.25, .20, and 0.23 for an average of 0.22. The
variance explained by the standard simulation run (0.2() wos higicr,
but not significantly, than the variance explaince by the third
randomized sociometric run,

In the application of SINDI 2 to predicting the diffusion of forege
grass plots, one concludes that although SINDI 2 performed well in
producing & simulated cumulative adoption curve at the aggregate level,
it did not predict the individual adoption times very well at the micro
level. The author feels that the low predictebility at the micro level

resulted from the low reliability of the empirical data on adoption

times for forage grass plots.
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CRAPTER V
VALIDITY OF SINDI 2

Now we shall discuss the general validity of SIHDI 2, first
considering whether SINDI 2 is a valid model of the particular diffusion
system discussed in Chapter |11, and second, considering to what extent

SINDI 2 may be generalized to other situations.

Validity of SINDI 2

Hermann (1967) has suggested five criteria for judging the validity of
a simulation model: (1) face validity, (2) internel validity, (2) event
validity, (4) variable-parameter validity, and (5) hypothesis validity.
The vQ]idiLy of SINDI 2 as applied to the diffucion of sitoc and forace
grass plots in a rural Brazilian township will be discussed in terms of

these five criteria,

Face validity

Face validity is the prima facic plausibility of the overall structure
of a sf%blation nodel. Are the important entities, variables, and sub-
processes of the real-world process adequately taken into account by the
model? The survey of dairy farmers in Conceiggb do Rio Verde revealed
that the most important sources of information and influence were other
dairy farmers and the mass media. SINDI 2 modeled the flow of information
and influence through both these channels. Thus on this count the

design of SINDI 2 appears to be plausible. However, the field

survey also indicated that other sources played a role in the



186

i

/
diffusion prucess. These sources insluded dairy farmers Tiving outsice

the community, [olders and brochures, agricultura! fairs, technical
experts, stores and cooperatives, comrerclal agnnis, extension agents,
special meetings, and agricaltural schools. The influence from these
sources was not simulated because their role in tie diffusien process

was difficult to mode!l adequately or they played a relatively unimportant
role in the overall diffusicn process. Discussion of some of these
specific sources follows.

As was nentioned earlicr, approximately 20 percent of the socio-
meiric choices made by the 68 simulated individuals were with individuals
oulside the simulated population. There was no casy way to simulate
directly the influence on the simulated population from individuals
outside the population. The assumption was made that the individuals
not included in the simulated population would not be too auch
different from the individuals who were included in the simulated
population. Thus the empirical constant which determined the extent
of influence resulting from interaction with adopters was made large
enough to take into account that some of the potential adopters among
the simulated populati be interacting with adopters outside
the simulated populatio.

The role of agri-uil: -ral schools in the diffusion process was not
modeled by SINDI 2. Th. questionnaire did not make it clear whether
reference to agriculturul school as an influential source meant that the
respondents were Influenced while they attended school as students or
while they attended special workshops or other activities as adults.

In the case of silo diffusion four subjects (508, 510, 511, 534)

indicated that the agricultural school at Lavras (about 75 miles away)
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was the first and wost influantial source, Howevér, only Subjacnt 611
reported atiendirg an agrizultural gchool as a studant,  Liring the
simulation rurs Subject 508 vas precet as an innovator. in the case

of furrge grass plot diffusion threa au'iczts (506, 508, wad 53b) «3id
the agriculturel school at Laviea wes the first and rost influenrtial
source erdone subizczt (513) ronticped the agricultural school ot Vigosn
es a first and mo:t influen‘ial source. (Vi;csa is aoout 200 miles
distant.) Two of these subjects (566 and 513) reporid artending an
agricultural school a< studonts, During ‘he simulcrion runs Subjeect 512
was preset as an innnevator, and Subject L0E was pre:at as an externa)
adopter. Therefore a curtain aount of distortion was intreduced into
the sieulation runs by only allowing the simulated irdividuals who had

indicated that an agricultural school was the main source of influence

to be affected in rhe simulation rurs by the mass wedia awd interpiraenz)
cemmunication.

Folders and brochures ware menticned as frequently as magazires
and newspapers as sources of information 2hout both silos and forege
grass plots. Although the author had collected samples of brochures
and folders printed by various orgenizations about silos and forage
grass plots, it was not possible to obtaln much data on where and under
what circumstances each of the particular folders might have been
avallable to the farmers in Conceiggb. For this reason no attempt
was made to simulate the effect of these media on the diffusion process
by incorporating them as a source of influence In SINDI 2. None of the
farmers in Concei§$6 cited folders as a most influential source, so

excluding them from the model probably did not introduce too much

distortion.
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several farmers mentioned that they bod been informed and/or
influznced by a technical expert to adopt a silo or farage aras: plot.
These technical expzits wete associated with the Cawinas Irstifute
(an agricuitural rasearch Institute ncar Sao Paulc), the Banh of Brazil,
the Mestlé Corporation in Trés CoragGes, and ths Rural University of
hinas Gerais. it would have been impractical to sirulste the influence
frem these few but varied sourcus,

Most of the remalning svurces (ucrisclloral faire, <tore. and
stoperelives, commerc’al agents, extersica onznts (o helonbot ing
comTunilics, ond special wwcetings) were mentioned less Treqrestly a:
general sources of information and much less frzquently as the most
influential source whan the sources vhich were included in the nodel.

In consideving face validity, it is also neccssary o discuss the
way in which the decision-aaking proccsses of cach individua) potess
adopter were mod=led in SINDI 2. SINDI 2 did not actually wodsl ench
individual's inlarnation processing and decision-making. To have done
this would have carried the model to a level of detall that wes not
warranted by the resources available to conduct this type of field
rescarch nor by the accuracy and reliability cf the other types of
data utilized in the simulation., Instead, it was assumzd that when
the cumulative sum of influence from the various sources encecded an
individual's resistance factor, he became an adopter. The reslstance
factor for each individual vas predicted using o multiple regression
equation with attitudinal and economic variables as predictor variables.
This method provided a crude but simple mechanism for stmulating how

individuals with different reslistances to innovating respond to the

Innovation messages which impinge on them from thelr enviornment. The
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m2thod ignores such phenonena ns fergetting past persuasive communicnlior:
as well 24 the purposcfiul delay in the acteal adoption of o particuiar
innavaticn because of lack of materials, aredit, or other more Lressing
tasks at hgnd.] This mzthod is not a very scphistizated mzthed for
hiandling the important dozision-moking subprocess as part of the overs]!
diffusion process, tut onz which the author tuought consictent with the
lavel of detail present in the rest of the andel,

SINDI 2 als> does not take into aceo.t the possitility of neyitive
communication about &n innovaticn circulating throngh the social SyS T,
This did not matter so much in the particulay real-uorld situation to
which SIND1 2 wus spplied.  In this cacs it was assumed by the zutho:
that once thz inaovation had 4iffused to ebost 10 perce.t of tne poralecio,
there would be very littla nagative tommunicetion, The prosence of
negetive commnication probably world have rzea menif: stod in a relativaley
high disadeption rat2. In this situatizn, horever, noaz of the adopters

of the silo in Conceiggb had reperted disadonting the insovation and
only onz farmer had discontinuad the use of'his forage grass plot,
Although SINDI 2 did not specifically model neg2tive comminication
about thcAfnnovations it did take into account an inertial effect on
a potential adopter resulting from the presence of nonadopters among
his circle of discussion partners. To take into account this inertial
effect, a certain amount of influence resulting from interaction

with nonadopters was subtracted from the Influence from adopters among

an individual's circle of discussion partners. Howaver, an individual's

lAmstutz (1967, pp. 153-215) has included in his models of consumer
behavior provisions for forgetting, salective perception, selective
retention, selective exposure.
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inflveence score was never allowed to drop Lelow zero with respect to
tke innovation. Therefore it was not possible irn SINDI Z for an indisidual
to hold & neqallve attitucde towoard the innovation.

In tormulating SIND! 2 it was also assumed that many of the parcmeters
and entily attributes were independent of time, For exemple, all mass
media exposurc probabilities were considered to remain constant during
the course of the simulation run and were assigned values current at the
time of the data collection in 1967. Nevertheless it is highly likely
that these probabilities change over the course of a simulation run.

The sociometric communication netwerk was also assumed to remain constant
over the course of the simulation with one exception: individuals who
migrated into the community were not considcred part of the network
unti! they had entered the community. Again, it is likely that the
patterns of friencehip ind corranicntion changs over tirc.,  Ls was
mentioned cer tier, one dairy former who was named by twelve Yarmers as
a {irst source of intoinaticr abeut silos are by six farmers as & most
irftuentier source had retired scveral yeare kefore the data collection
and therefore was not inciuded in the simulated population. It is
difficult to estimate bow much aistortion was introduced by the assump-
tion of unchanging mass media enposure probebilitics and an unchanging
communication network over the eighteen years of simulated time.

Thus SINDI 2 meets the test of face validity to the extent that
it simulates the Important subprccesses which contribute to the overall
diffusion process. It is the author's contention that for the particular
community and the patticular innovations to vhich the model was applied,

SINDI 2 is a plausible representation of the diffusion process.
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Internal validity

Intevnal validity is the crtent to which the internal oncraticns of
the mode] arc logic=11y consistant, Herrann suggests that the interasl
validity of a stovhastic model is high when the variance ¢f the Uy
variables bctween runs in which the Inputy are held constaent is sp:l.
However, in the case of a deterministic, expected-valve model 1ike
SINDI 2, there will be no variance between runs with the same inputs, Ore
check of the internal logical structure of a deterministic model is a
close inspection of the logic of the computer program itself. During
the program debugging and testing of SINDI 2, several togic errors in
the computer program were detected and corrccted,  That being the case
SINDI 2 as a computer program is decmed to be logically consistent.
Another check on the internal validity of SINDI 2 is the inspection of
the percontage cantributions of ihe viricu: subprocesscs of the vodel
to the simulated output, SINDI 2 takee infe account wwo basic processes,
The first is the flow of infcrmation and influance through the mass
media and interpersonal communication channels. The second imoportant
subprocess is jpnovation decision-making by each potential adopter, In
the cases of both silo diffuzion and forage grass plot diffusion, the
resistance-to-innovating factor which was predicted from a multiple
regression of attitudinal-economic variables accounted for 60 percent
of the variance in the simulated adoption times, Consequently, the
communication processes which were simulated in SINDI 2 must have
accounted for the remainder of the variance in the simulated adoption
times -~ approximately 40 parcant.  The cormunication processes would
take into account differences among the sinulated Individuals in their

exposure to the mess nedia messages, as well as differences in their
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the macro leve! the rezults from applving SIHGL 2 to a particular diffvsicn
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values of certain of the ﬁéramelers may have to have been determined

by the empirical trial and error coﬁparison of the simulated results

with the real-werld results untll setisfactory agreement is obtained.
Since the values of these parameters have been empirically determined,
the sensitivity of the overall model to changes In these values must be
sssessed in order to determine how importent accuratz values for these
paramaters are to the functioning of the overall model. The way in which
the rcdel behaves in respense to changss in the input paraemeters and
varistles can also be used to meke infcrences about the overall validity
of the wodel.

For example, the reason that SINDI 2 should be an improvement
over the lirear regressicn model for predicting patterns of innovation
diffusicn is that the simulaticn model explicitly takes into account
tn? interpersonal comnunication which takes place within the communication
netwerk ©f the conmunity. When a series of runs was made in which
randomized soclometric input decks were used in place cf the regular
input data on the sccicmetric interaction patterns, the percent of
variance explained in the empirical adoption times by the simulation
mode| decreased by 15 percent. This particular sensitivity check on
the effect of the sociometric input data provides a partial validation
that the mcdel does adequately represent one of the important sub-
processes in the overell diffusion process.

The sensitivity checks on the percentage contribution of the
soclometric influence as compared with the influence from the print
media also help to establish the variable-parameter validity. It was
found that the maximum explained variance occurred at a set of values

for the Influence parameters (CMAGNY, CRADTV, CMLORG, and CNEHBR) which
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resulted in the sociometric infiuence accounting %or appruximately 70
parcent of the total influence from all sourcas on the simulated popu-
lation. The influence from the print media accounted for ehout 25
Dercenf while the influence from the one rodio prosram ard the interacticon
with adopters at the meetings of the cooperative accounted for about 5
percent. Although no sensitivity runs were made in which the percentage
contribution from the radio program and the cooperative meetings were
varied, on the basis of the experience with the multiple correlation
anelysis one would not havé expected any improvement in the overall
explained variance by the simulation model. Thus the percentage
cdistribution of the contribution of each one of the simulated cources

to the tctxl irnfluence on the simulated population seems reasonably
plausible. Onc would have guzstioned the validity of the medel, for
examnls, if the sociometric intarzcticn had accounted for only 5 percent
of the total influence.

In the case of the sensitivity checking runs with the sociometric
interaction parameters (CINFLU and CINERT); it was found that the
influence which resulted from interaction of potential adopters with actual
adoptersvwas not a direct functicn of the raw frequency of interaction
but rather a function of the raw frequency raised to a powsr of 0.25.
The effect of this exponential term in the sociometric influence
equation was to give the less frequent interactions greater weight
relative to the more frequent interactions. In a similar manner, it
was found that It wes important to include an Inertial effect from a
potential adopter's interacticn with other discussion partners who had
not yet adopted the innovaticn.

As a result of the sensitivity checking runs summarized in the
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paragraphs above, one concludes that the values of the "best-fit"
parameters seemed reasonable within their own context and at the sane
time caused SINDI 2 to behave as a plausible modzl of the overall

diffusion process.

Hypothesis validity

Hypothesis validity Yefers to the extent that hypothesized
relationships between two or more variables in the observable universe
are also present in the simulation model. Hypothesized relationships
can either be programmed directly into the mode! or they can manifest
themselves as a by-product of the complex interactions represented by
the various processes simulated by the model.

The first case Is an answer to the question 'Have the important
ralarionching which ena-acterize the resl-world process been explicitly
srogracmad inte *ha aodel by the designer of the model?' For example,
past diffusion research has shown that the attitudinal and econcmic
characteristics of the potential adopters have an effect on when potential
adopters adot = an innovation. This relationship between noncommunication
variables and time of innovation adoption is explicitly introduced into
the SINDI 2 model by associating with each simulated irdividua! a
resistance-to-adopting-innovation-X which is predicted by means of
multiple regression from the attitudinal-economic varisbles.

However, it is not always possible nor desirable to program
explicitly into the model all the relationships between variables of
the process which are obszarved in the real world because, at worst,
the model may become over-determined and not function properly, or

at best, it may lack parsimony which is 2 desirable goal in the
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development of any scientific model.

Thus, a more stringent test of a model ié terms of hypothesis
&alidity is the extent to which the médel manifests relationships of the
Feal world which have not been explicitly programmed into it. When
SINDI 2 was applied to a real-world diffusion system, the simulated
output manifested several such relationships. For example, diffusion
researchers have observed that (a) "impersonal sources of information
are more Important than personal sources for relatively earlier adopters
of innovations than for later adopters" and (b) '"cosmopolite sources of
information are more important than lccalite sources for relatively
earlier adopters of innovations than for later adopters'' (Rogers, 1962,
p. 179). Examination of the detailed listing of the simulated adoption
times and the percentages of influence resulting from exposure to the
print media, as shown in Table h.9, reveals that the earlier
adopters have a higher percentage of influence from the print media
than do the later adopters. It is true that some proportion of this
relationship is the result of the intercorrelation between the attitudinal-
economic variables and the mass media exposure variables. Because
the regression resistance results from a mixture of the multiple-partial
regression distribution and the multiple regression distribution, not
all of the effect from the mass media exposure variables is controlled
out in the prediction of the raw resistance distribution. Nevertheless,
it Is true that the relationship between the print media exposure
variables and the time cf adoption is not explicitly introduced into the
model even though it shows up in the simulated output.

Diffusion researchers have also found that the cumulative adoption

curve which results from the plot of the cumulative number of adopters
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who have adopted as a function of time usually takes the form of an
S-curve, also referred to as the Ioéistic growth curve., Under event
validity we have already discussed the degree of agreement between the
simulated output and the empirical output at the macro level. However,
Lnder hypothesis validity we can specifically discuss the shape of the
curve. As can be seen from the plots of the simulated curves in
Figures 4.2 and 4.7, the simulated curves do take on the shape of an
S-curve. This was not the case for the simulated output from SINDI 1}
(see Figure 1.1). Again, it was not explicitly programmed into SINDI 2
that the resulting simulated output should be an S-curve. The fact
that the simulated curve turned out to be an S-curve is further

evidence of hypothesis validity.

General Applicability of SINDI 2

In thinking about the validity of SINDI 2, it is also useful to
consider how well the model could be applied in other instances. In
its present mode of operation SINDI 2 is programmed to facilitate the
trial-and-error adjustment of the various tuning parameters in order to
achieve the best-fit solution of the simulated results with the real-
world re;ults. This mode of operation could be applied to any innovation
in any community for which the basic diffusion process is essentially
the same as the one being simulated by SINDI 2. Note, however, that
SINDI 2 could not be applied to diffusion in a community in which an
extension agent played an important role in the diffusion process.

In considering general applicability of the model, one usually has

a different question in mind: given the model has been tuned to the

diffusion of one innovation through one community, how well can the model
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predict the diffusion of the same innovation in énother community, or
the diffusion of a different innovation in the same community, or the
diffusion of a different innovation in a different community? In other
words, what values of the various tuning parameters and other input
data can be applied directly to the new situation and what values must
be recalculated?

Perhaps the simplest case to consider is the application of SINDI 2
to the same innovation diffusing in another community. The innovation
may diffuse at a faster rate, at the same rate, or at a slower rate in
the new community than in the original community. A number of factors
can influence the rate of the diffusion process at the community level.
Griliches (1957) reviewed several factors related to the profitability
of the innovation which can affect the diffusion rates within communities
across widely differing regions.

For 76 communities in Minas Gerais with extension agents, Phase |
of the Brazil Diffusion Project investigated community-level variables
and extension agent strategies which were associated with differences
in levels of innovation adoption (Whiting et al., 1968). However, for
purpose;\ of this discussion let us consider the simpler case of an
innovation diffusing in communities within the same ecological region
and also consider only those variables which are taken into account by
SINDI 2, Under these restrictions, one would not expect any differences
between communities in the quantity of messages carried by the mass
media, since it could be assumed that the same mass media channels are
generally available throughout the region. However, if there should be

differences in the mass media inputs, SINDI 2 is designed to take them

into account. More importantly in terms of these factors modeled by
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SINDI 2, one might expectlzhat differences in the.integratlon of the
communicétfén network within the community might affect the rates of
diffusion.- These differences would be handled by the specific inputs
which gummarize the sociometric data. Other differences such as

those in the general level of exposure to the mass media would also be
handled by SINDI 2 in terms of the input data. There also may be
differences in the average level of attitudinal, demographic, and
economic variables which in the original community have shown a
relationship to individual resistances to adopting innovation X. In
order to take these latter factors into account there would have to be
a slight alteration in the procedure for handling the simulation
resistance factor. Currently, SINDI 2 linearly transforms the raw
resistance factor which has been predicted externally by multiple-
partial regression to the simulation resistance factor which is
measured on a ratio scale. Once this factor has been properly scaled
in the original community, it would be possible to transform the
coefficients in the regression equation(s) so that the equation(s)
would directly predict the transformed simulation resistance factors
for any‘éommunity. The greater was the similarity of the new community
éo the original community, the greater would be ore's confidencs about
using the regression equation(s) to predict the simulation resistance
factors for the new community. One would expect that the influence
parameters (CMAGNW, etc.) and the sociometric irnieri.cion parameters
(CINFLU and CINERT) would remaln the =sarc. In summary then, we would
conclude that for the case ~f <lmulating the same innovation in a
different setting, one +.ould only have to alter the input data associates

with each indi-iaual in the new community.
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Next we consider the case of simulating the diffusion of a different
innovation in the same community. The mass media exposure probabilities
and the probabilities of attending local organizaticns would remain
the same for the simulated population. Likewlse, the interpersonal
communication network as defined by the sociometric data would remain
unchanged. On the other hand, the amount of information entering the
community via the mass media channels would have to be altered for a
different innovation. One would also certainly expect that the average
resistance parameters (RISTMN and RISTSD) would be different for
different innovations.

The case of the diffusion of forage grass plots described in the
previous chapter represented a special case because it was determined

ex post facto that the diffusion of forage grass plots proceeded at the

same rate as the diffusion of silos except for a constant time lag

of 1.6 years. In this special case, the same resistance parameters

were used in both diffusion processes. |In most cases, different

innovations are likely to diffuse at different rates within the same

community and thus the average resistance parameters will be different.
Evéﬁ though the simulation of forage grass plot diffusion was

considered a special case, nevertheless, it was found that it was

necessary to determine a new regression equation for predicting the raw

resistance factor for individuals. This implies that there is an inter-

action between the characteristics of an innovation and the characteristics

of the individuals who are deciding whether or not to adopt the innovation.

For example, as the respondent‘mentioned during the Interview presented

in Appendix B, whether or not a person adopts the use of tick pesticide

depends on whether he has adopted the use of the Dutch breed of dairy
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cattle. Thus, one would not expect that a generai regression equation
would work equally well for all innévations.

Although it is probably safe to assume that the soclometric inter-
action parameters (CINFLU and CINERT) and perhaps the mass media
influence parameters (CMAGNW and CRADTV) would be the same for all
innovations, this probably cannot be assumed for the sociometric influence
parameters (CMLORG and CNEHBR) because it cannot be assumed that the
basic communication and influence processes work the same for all
innovations. Given a certain frequency of conversation between two
individuals, one cannof.assumc that both innovations would be
discussed with the same frequency or that the persuasive influence of
indirect, nonverbal communication would be equivalent in all situations,
For example, the persuasive influence per unit interaction is probably
greater in the case of a silo than it is in the case of keeping milk
production records because mi 1k production records do not have the visual
impact from a distance that a silo has. Also a farmer might consider
his silo to be a prestige symbol which he is more likely to talk about
than keeping milk production records which would be an aspect of his
personal.business operation.

in summary, the discussion above suggests that to‘predict the
diffusion of a different innovation in the same communitf probably
requires In most cases the recalculation of the multiple regression
equation to predict the resistance factors and then the application of
SINDI 2 in the trial-and-error mode in order to determine the appropriate
values for at least some of the tuning parameters.

Ideally further research into the determination of parameter

values for social psychological simulation models might lead to the
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development of a general Eégression equation for predicting simulation
resistance factors for a specific type of enterprise such as dairy
farming in a specific region. The coefficients of the equation might
be exp;essed as functions of the characteristics of the particular
innovation which was diffusing. Likewise, it might be possible to
determine the relationship between the characteristics of the innovation,
particularly its communicability (Rogers, 1962, p. 132), and the value
of the sociometric influence parameters (CNEHBR and CMLORG). Fliegel
and Kivlin (1966) have investigated the effects of the characteristics
of innovations on the rate of diffusion.

The case of simulating the diffusion of a different innovation
in a different community is the most complicated of all. The adjustments
required in SINDI 2 in order to perform this analysis combine the

adjustments discussed above for the two simpler cases.



CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary

SINDf 2 Is a general computer-based mode| which simulates the
communication process by which individuals in a community are influ-
enced to adopt an innovation through exposure to various types of
persuasive messages: those carried by the mass media -- magazines,
newspapers, radio programs, and television; and those encountered
through interaction with adopters in pairwise meetings and at
meetings of local organizations.

Associated with each individual is a set of fixed attributes
which determine how the individual behaves during the processing of
the model over time. These attributes, which do not change during the
processing of the model, are as follows: probability of exposure to
each issue of the various print media and to each program of the
various electronic media; probability of attendance at meetings : ¢
each local organization; the time at which the iciividual entercs the
community; the time at which re began his work enterprise; and his
raw resistance r-- adopting-innovation-X factor.

he communication linkages between individuals in the community
are handled by SIND!I 2 in the form of sociometric dyads, each dyad
representing a potential one-way flow of information and influence

between two individuals in the simulated population. The attributes

204
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associated with each dyad include th? identificat{on numbers of the
"namer!' and the ''named,'' the probability of dally interaction between
the two individuals, and the credibility rating of the person named
in the eyes of the namer. The "namer' is the respondent who has
identified the person '"'"named" as a discussion partner and/or opinion
leader.

Associated with each simulated individual are five state variables
which change during the processing of the simulation: a variable which
assumes the value of 1.0 or 0.0 depending on whether or not the
individual has become an adopter of the innovation, and four variables
which cumulate the total amount of influence received from the print
media, the electronic media, pairwise interaction with adopters
and nonadopters in the individual's circle of discussion partners
and opinion leaders, and interaction with adopters at meetings of
local organizations.

The time-varying exogeneous variables in the model include
the quantity of mass media messages carried by each of the mass media
channelf during each of the time periods and the number of meetings
of each local organization during each time period.

At the beginning of a simulation run SINDI 2 presets certain
individuals as innovators if they adopted before the specified starting
time of the simulation run or as external adopters if they migrated
into the community after the start of the simulation run but had
adopted the innovation before they entered the community. Innovators
are allowed to influence potential adopters from the start of the
simulation run while external adopters can influence potential

adopters only after they have entered the community. Potentlal
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adopters who migrate into the community after the‘start of the
simulatioﬁ run may not be influenced by adopter:c within the community
until aftef'they have entered the ceiwmunity. Individuals who start
their work enterprise after the start of the simulation run may be
subject to influence from the various influencing sources during a
specifiéd persuasion period prior to starting their enterprise.

Although some of the attributes in the model are expressed as
probabilities of exposure or interpersonal interaction SINDI 2 is
processed as a continuous, expected-value model rather than as a
stochastic mode! which depends on the use of a random number generator
to determine whether or not events take place. During each simuiated
time period SINDI 2 computes the expected value of influence on each
potential adopter from innovation messages carried by the mass media
(measured as square inches of print or minutes of program time) and
from the interaction of these individuals with adopters among their
circle of discussion partners and at meetings of local organizations.
Interaction with nonadopters in an indivi&ual's circle of discussion
partners reduces the amount of influence on him resulting from
Interaction with adopters. When the cumulative sum of influence from
these various sources exceeds an individual's resistance to adopting
the Innovation, he becomes an adopter. Once an adopter, he is then
capable of influencing others in the community to adopt.

SINDI 2 was first applied to simulate the diffusion of silos
among 88 dalry farmers in a rural township in Brazil. Input data
for the simulation model had been obtained by means of a survey

conducted by the author In July, 1967. The survey provided the data
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required on the attributes of individuals and the éociometric dyads
required by the simulation model. A special application of multiple-
partial regression analysis was used to predict the individual resistance
factors as a function of attitudiﬁal-economic variables with a part
of the variance accounted for by the communication variables partialled
out.

The author conducted a limited content analysis of some of the
agricultural media in order to obtain rough measures of the quantity
of innovation information which had been carried by these media
during recent years. The survey also provided the real-world adoption
data against which the simulated results could be compared.

The simulation was run for 36 half-year time periods beginning
in 1957. A number of runs were made so that the eight tuning parameters
could be adjusted to obtain the best-fit simulation run. At the macro
level the simulated cumulative adoption curve produced by the best-
fit simulation run was found to agree reasonably well with the
empirical adoption CQrve. The Kolmogorov-Smirnov goodness-of=-fit
probability was 0.62. At the micro level, the correlation between
the simulated adoption times and the empirical adoption times was
0.69 and, therefore, approximately 48 percent of the variance
in empirical adoption times was explained by the simulation model. In
this case, SINDI 2 performed as well as the general linear regression
model which also explained 48 percent of the variance in empirical
adoption times with ten attitudinal, economic, and communication
variables.

SINDI 2 was also applied to the diffusion of forage grass plots

in the same community with the tuning parameters set at the same
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values d ‘termined In the best-fit run for silo diffusion. Applicaticn of
SINDI 2 in this fashion represented a special case because it had been
determined from the empirical data that forage grass plot diffusion
‘proceeded at the same rate but with a lead time of 1.6 years. A
straight multiple regression equation which was comprised of seven
economic and communication variables was used to predict individual
resistance factors. SINDI 2 explained approximately 26 percent of

the variance in the empirical adoption times for forage grass plots,
considerably less than was the case in silo diffusion but somewhat
more than the 21 percent predicted by the linear regression model.

The author suspects that much of the decrease In explained variance
can be attributed to poorer reliability of the data on the adoption

times for forage grass plots.

specific Conclusions

On the basis of the results reported above, particularly on the
application of SINDI 2 to the diffusion of silos, and on the basis
of a series of sensitivity testing runs, the following conclucions
may be stated. These conclusions obviously are tentative be .ause
they reflect the application of SINDI 2 to simulating only v wvery
similar innovations in only one comnunity.

Approximately 60 percent of the varia~ion in th_ outpi® o the
simulativn model (f.e €h® ~inmulated adoption times) was cou.vd by the
ind;vidral attitudinal and economic variables as introduced into the
simulation through the resistance-to-innovating factor which was
predicted from these variables. The remaining 40 percent of the

variance in the simulated adoption times must have resulted from tho
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communication processes which were §imulated by SINDI 2. Whether this
is an accurate reflection of the real-world is hard to tell, but it
seems recasonable,
| In the best-fit simulation run, one of the tuning parameters
was adjusted so that the degree of influence resulting from
sociometric interaction was neither directly proportional to the raw
frequency of interaction with other individuals nor independent of the
raw frequency. This parameter assumed a value such that daily inter-
action with an adopter is only several times more effective in influencing
an individual toward adoption than is infrequent interaction with an
adopter. This was interpreted to be consistent with the notion that a
new situation loses its impact on an individual upon repeated contact
anc also that individuals tend to treat others as units and thus be
influenced by the fact that another individual has become an adopter.
Some improvement in the simulated output was noted when inter-
action with nonadopters in an individual's circle of discussion
partners and opinion leaders was allowed to offset somewhat the
influence on him from adopters in this circle. Again, this resul. was
attribut;a to the tendency for individuals to be influenced not only
by how frequently they interact with adopters but also by what
percent of their acquaintances have adopted the innovation.
It was also found that the deletion from the simulation of
the credibility rating of sociometric choices as measured by the ladder scale
actually improved the ability of SINDI 2 to predict empirical adoption
times. It was also noted that 80 percent of the sociometric cholces
ford iscussion partners were nonreciprocal. The percentage was even

higher in the case of the choices for opinion leaders. The ability
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of SINDI 2 to predict émpirical adoption times decreased markedly in
runs in which the sociometric cholces were made reciprocal. These two
results suggest that the best measure of source credibility was

whether or not ; per -~ was chosen as a discussion partner or an

opinion leader. It also suggests that the interpersonal channels for
the flow of information and influence on technical innovations are quite
nonreciprocal.

After runs were made with randomized sociometric data, It was
concluded that the specific configuration of the communication network
in this community accounted for approximately 15 percent of the
explained variance in empirical adoption times. In other words, the
position in which a person is located in ithe communication network
can affect the time at which he becom:s an adopter.

In the best-fit simulation run it was found that sociometric
interaction with discussion partners and opinion leaders contributed
72 percent of the total influence on the simulated population; the

|
prin% media, 24 percent; interaction with adopters ai local meetings,
3 percent; and exposure to the one agricultural radio program 1}
percent. Not to&ﬁﬁuch weight should be attached to these particular
values, however. The percent contribution to total influence from
the interaction at local meetings and from messages carried by the
radio was arbitrarily set by the author. Sensitivity testing on
changes on these variables was not corducted. The sensitivity checking
on the percent contribution from sociometric interaction and from the
orint media indicated that the simulated results were relatively

Insensitive to the inverse varying of these two parameters together

within a range of approximately 15 percent,
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It was found that that taking into account the time at which
individuals migrated into the community and the time at which they
started their work enterprises improved the simulation results.
These’may—be important factors in the diffusion process in
communities with unstable populations.

Finally, a run was made in which the quantity of mass media
messageé about the innovation was doubled in order to illustrate
how such a model might be used for policy planning porposes. In this
particular case the rate of diffusion increased somewhat but
certainly not proportionally to the increase in the volume of

innovation messages.

General Conclusions

A computer simulation model of the diffusion of an innovation
through a social system has been designed and applied to a real-world
diffusion system. The model appears to take into account the important
aspects of the diffusion process: the flow of information and
influence to potential adopters via the mass media and word-of-mouth
communication as well as the resistance to innovating as a function
of situational variables.

At the macro level the model reproduces the S~curve of the
cumulative adoption curve very well and gives a reasonably good fit
with the empirical curve. At the micro level the model explained
approximately half of .he variance in the empirical adoption times.

SINDI 2 is a dynamic model of a social diffusion process, and
although it did not perform better than the linear regression model

of Innovation diffusion, the simulation model does facilitate
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investigating the effects of changes in the controllable inputs to

the diffusion system.

Suggestions for Future Research

More time could be spent in running more sensitivity testing runs for

the diffusion processes reported in this study. As was indicated no runs

were made to check the effect of varying the contribution of the radio
channel and the interaction at meetings of the cooperative on the
simulated output. Since there are eight tuning pa:ameters it is
difficult to exhaust all the possible combinations that could
contribute to an improved »est-fit run. However, the return on the
investment in searching for better runs begins to diminish. Some
thought might be given to implementing some automatic search techniques,
although this is complicated by the fact that two criteria, one at the
macro level and one at the micro level, are trying to be maximized.
Quite obviously, SINDI 2 should be applied to other diffusion
systems In order to see if the results reported herein hold true.
It should be noted that although it was found that interpersonal
influence is not totally independent of the frequency of interaction,
nevertheless the simulated output is not very sensitive to an
adjustment in the sociometric interaction parameters which would make
influence independent of the frequency of interaction (i.e., the case
when CINFLU equals 0.0). This fact would facilitate applying
SINDI 2 to diffusion systems for which empirical data has already been

collected. There are many studies which have collected sociometric
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data but did not obtain information on the freguency of interaction.
Unfortunately, most of these studies lack the detailed information
needed on the individual exposure probabilities to each of the mass
media channels. Also, very few studies have collected any data

on the quantity of innovation messages carried by the mass media
channels. However, in some cases this data may be retrievable
through the content analysis of library and archival copies of the
print media. A content analysis of the electronic media is usually
much more difficult to obtain.

A logical next step in research is to explore ways of extending
SINDI to include aspects of certain diffusion processes not modeled
by SINDI 2. An important extension of the model would be simulating
the different strategies which might be utilized by an extension agent
or a éommcrcial agent.,

Further modeling efforts might proceed in the direction of
simulating the psychological processes associated with the different
stages of the innovation decision-making process outlined earlier.
This would probably require the concurrent work on improving the
method of obtaining innovétlon decision protocols.

These latter suggestions for making the models more complicated
have thelir drawbacks. The main drawback is that as the models become
more complex, the number of tuning parameters increases with the
result that It is more difficult to search for the best-fit solution.
The tack taken in this study has been to study the simplest case
first (i.e. a diffusion system in which outside extension agents and

commercial agents did not have a significant role) in order to find
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which relationships are important as well as to establish some tentative
values for some of the empirical parameters for the relatlonships

which do turn out to be important.
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APPENDIX A

SAMPLE RADIO SCRIPT FROM THE FARMER'S HOUR

The following is a sample script of one of the few "agricultural”
radio programs which could be heard by farmers in Minas Gerais. At
the time that the author contacted the producer of the program, there
was no radio script available of a program which specifically mentioned
dairy innovations. However, this script is an indication of the level
and quantity of agriculfural information disseminated by this radio
series. MNote that the proportion of air time devoted to disseminating
information about agricultural practices is relatively low. However,
the Inclusion of popular music, jokes, and miscellaneous news items
probably is necessary in order for the program to hold a sizeable

audience.

[Radio Inconfidéncia, Belo Horizonte, Minas Gerails
Farmer's Hour

Produced by Dr. Jodo Anatdlio Lima

Date: September 25, 1967

Hour: 8:00 to 8:35 p.m.]

Announcer: Farmer's Hour: the oldest agricultural program on Brazilian
radio; organized by the agronomist Dr. Jo%o Anatdiio Lima,
who has been working for thirty years for the Brazilian
farmer.

[Station identification, commercial, etc.]

Announcer: Today we are going to answer the following letters:
Mrs. Felipina da Silva Valentim, Guarapari, Esp?rito
Santo, and Mrs. Emilia S, Mebus, Cascatinha, Petropolis,
Rio de Janeiro.
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[Commerciall -

Announcer: In the musical supplement we will focus on the LP "Trés
Duplas e Doze Mod=s" of Sabia. [Three duets and Twelve
Folksongs. ]

[Musical selection]

Announcer: The bees will finish off Brazil, a specialist on beec said
the other day. Mr. Manoel Bernardes de Barros said that in
ten years the African bees will dominate Brazil, beccuse
of their migratory instinct and their ability tou repreduce
quickly, and because of the lack of resources to control
them. We belicve the infestation of Brazil by African bees
is possible. An examplie is the introduction of pardais
[a bird] which, after it became used to the climate and
environment, turned into a plague. As for the bees, there
is a solution. One scientist proposed that if the flowers
did not exist or ceased to produce nectar, the bees would
disappear from the earth. Therefore, let us do away with
flowers.

[Musical selection]

Announcer: Mrs. Felipina da Silva Valentim, from Guarapar?, Espfrito
Santo, we reccived your letter. Thank you for the recipe
you sent and also for telling us that you are 2 constart
listener to our program. We are going to send you the
recipe for making soap. As for the castor seed, we recommend
the following per plant: manure, 10 kilos; wood ashes, |
kilo; bone flower, 500 grams.

fo%k oot o X

Modern times...modern hotel. A hotel manager in Paris
decided to transform his hotel into a Men Only Hotel. Any
gentleman who had to remain alone in Paris because his wife
was on vacation or out of town, was welcomed at the hotel,
where there were hotel maids who take care of his clothes,
serve him home cooked food of his choice, etc. A rniodern
hotel!

[Musical selection]

Announcer: A joke! It happened in a circus that a lion, who had just
arrived and was not yet used to the local customs, asked
another lion in the next cage, ''Listen, buddy! Why is it
that every Thursday the lady who owns the circus puts a
flower on the meat she brings you?' And the other lion
answered, ""This is because | ate her husband about a year
ago. He was the circus trainer, and | ate him exactly
on a Thursday."
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Mrs. Emilia S. Mebus from Cascatinha, Petropolis, Rio

de Janeiro, we received your letter, Here is our answer
to your question: we examined the lemon tree leaf that you
sent us. It had "Escama Virgula," which is not a reason
for the lemon tree not producing fruit. Since the tree Is
only two years old, it might be good to fertilize it with
the following: manure, 15 kilos; superphosphate, 500
grams; potassium chloride, 100 grams.

[Station identification, commercial, etc.]

Announcer:

News from the School of Veterinary. Dr. José Cisne

Uchoa de Aquitio, veterinarian of the National Agrarian
Institute in Cear&, is in Belo Horizonte, to study at the
School of Veterinary. He will be working under Professor
Francisco Megale, chairman of the animal clinic and a
specialist in physiopathology of reproduction. Dr. José
Aquino will remain in Belo Horizonte until December of
next year.

[Musical selection]

Announcer:

Dear farmer: thec absence of organic matter in ideal
quantities is very common in some regions and is due

largely to the inappropriate work done by farmers and to the
effect of erosion. Another reason for the lack of organic
matter is the '"fire," when harvest residucs are burnt by
farmers. It is necessary to understand clearly that it

is impossible to practice soil conservation and to improve
the production of the land if we do not return to the

land regularly its organic matter.

I S I

The ''national wheat," which is never enough praised: |t
is worthwhile to remember that on August 12, 1937 (thirty
years ago), Rio de Janeiro and S50 Paulo newspapers
published this news: '‘President Getlilio Vargas signed a
law that authorizes the executive to implement the
cultivation of wheat in Brazil, determining that the
Ministry of Agriculture should organize five experimental
stations, forty areas for seed reproduction, and a central
experimental laboratory to study the manufacture of
bread." Thirty years have passed and Brazil is still
fmporting wheat in large quantities, so that the people
can eat bread. There was a Minister of Agriculture not
long ago who, when he took office, launched the slogan:
""Our bread--with our wheat.'" Things remained only.

as slogans.

[Station identification, commercial, etc.)

Announcer:

Until tomorrow, same time, God willing.



APPENDIX B

A FIELD INTERVIEW WITH A DAIRY FARMER

IN CONCEIGAD DO RIO VERDE

A month after the field survey the author returned to Concei¢3o
do Rio Verde to conduct informal, tape-rccorded field interviews with
several of the original respondents in order to obtain more insight
Into the innovation decision-makinyg process. The interviews were
conducted by a Brazilian interviewer with the author sitting in and
also interjecting a few questions. These efforts to obtain in-depth
""decision protocols' were not totally successful because of
insufficient time to perfect the technique. Nevertheless, the
interviews did provide certain insights into the diffusion process
which did not come through in the formal interview schedules.

Excerpts from one of the more successful interviews follow below.
The interview was conducted with a typical dairy farmer. He owned
40 cows (about average in Conceic¥o), he was 32 years old, had moved
into the community after his marriage about eight years before, had
niiie years of schooling, and was about average In exposure to the
agricultural news media. Several points emerge from the interview.
First, the interviewee was very much influenced by friends and
relatives to adopt various innovations. Second, rural credit can play
an Important role in the decision to adopt the more expensive innovations.

Third, the interviewee suggested that many farmers made no substantive
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i

distinction betheen the use of sugar cane as a forage grass and the use
of the newer varieties of forage grass. Thus the wording in the formal
questionnaire with respect to the adoption of a forage grass plot should
have been more specific. Fourth, the adoption of certain Innovations

is contingent on the adoption of other innovations. For example,

this interviewece did not consider adopting the use of tick pesticide
until after he began using a Dutch breeding bull to improve his

herd.

Int:]You've been using a silo for five years; how long ago did you hear
of silos?

Res: Oh, some nine or ten years ago.

Int: Now this means that it was five years from the time you first heard
of silos to the time you began to use one, wasn't it? And whzre
did you obtain information?

Res: | had a brother-in-law who had a silo and | saw the way he used to
fill it. It looked good, and it seemed to give good results. When
| first built a silo, | didn't take a loan for it because |
didn't know that there was a loan available from the Bank of Brazil.
At that time | only had taken a loan at this bank to improve
coffee; | didn't know that the loan for building a silo was
available. | had already wanted to have my own silo at tha: :time,
but | was not in a financial position to build one, you knoi ..hat |
mean? My financial position improved, and the period of fi-
years elapsed, then | built a silo, but on my own without ar
financing. The first silo | built held 28 tons; the second e,
built last year holds only 20 tons.

Int: Would you tell us your rource of Injurmation about silos?
Res: Bef~ . ! .wurried, | lived on my father's farm. There nobody used

slius. After | got married and came up here | learned about
silos on my brother-in-law's farm.

] []
"Int:" indicates Interviewer; ''Res:' indicates Respondent.
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Did he already have a silo?

Yes. He did not give me information on how to build the silo, but
he showed me that it was giving good results, as in fact it was.
For example, take sugar cane [spoken of here as a forage grass
crop in contrast to silage]: it's very good food, but silage has
the advantage over sugar canc during the frost season. Ve can
fill the silos during the rainy season. Then if we have lots of
frost, we will still have food to give the cattle. Isn't that
true? But the same thing doesn't happen with sugar cane. |If
there is very bad weather, as we have had here, frosty, the whole
crop freezes up, and after the sugar cane is frozen, it's not
much good anymore.

. . . . . . .

Do you know anybody here who has a trench silo?
Yes.
Does he say anything about his silo?

He says that the silo is very cheap, easy to fill up also, you
know....But the silage spoils more easily. It does not keep as
long as silage in the cistern silo. The trench silo is cheaper,
easier to build since you only need to dig a ditch and a wall like
this. There are many who don't even cement those walls; they

only put bricks. But this way the silage spoils quickly, espcially
in those parts that are exposed to humidity. The cistern silo,

on the other hand, keeps silage longer.

You use forage grass plots, don't you?

The forage grass plot that | use is sugar cane and Napier grass.
| tried the Guatemala grass also, but | found it weak [non-
resistant to frost]. The Guatemala gives a lot of output,

but it's very weak. The Napier is a gond grass, but it has one
disadvantage: during the frost it also freezes up. It is a good
grass In the rainy season -~ it's always green....

Is sugar cane considered a forage grass?
| think it is in this region.

For how many years have you used forage grass plot?
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| have been using forage grass plot for 16 years, but when | was
farming at my father's farm, | already had sugar cane. This neans
that | knew about sugar cane there at my father's farm.

What were the factors that led you to use forage grass piots?

The first factor is that today a man must have forage grass, even
if he doesn't want to, because during the dry season our pastures
dry up, don't they? The dry scason with the frost means that if
we don't havc forage grass or silos for the months from July to
November, when the rains begin, the cattle get restless and
sometimes die. We've been loosing quite a lot of cattle.

What is the price, more or less, for planting a forage grass plot?

It's quite expensive today because one has to plant the whole
plot and one has to clean the field up when the plot has matured.
The Napier grass, for example, doesn't give much trouble after it
is matured. But the sugar cane is another thing. |t needs

four or five cleanings every year so that it won't die out.

Did you make any loans for forage grass plots?
No.
How long have farmers here in this area used forage grass plots?

In the old times they only planted sugar cane here -~ these farms
here had sugar cane mills. They used sugar cane for sugar, for

inga [a kind of whiskey], and then the farmers began also to
feed the cattle with the sugar cane that was left over. Other
people saw the results and began to do the same, so that today
most farms here still use sugar cane for feeding cattle. Every
farm has sugar cane. Napier began to appear later on in the
state of S3o Paulo. That's where they began to use it. Then it
came slowly to this area here.

Why do you use Napier?

Sometimes | mix Napier with sugar cane, and also the Napier that |
have here is good for the rainy season. | give my cattle Napier
all year round because | have little pasture. This makes stronger
cattle and a better average of milk. | have a pasture of

80 hectares [one hectare equals 2.47 acres] where | have to keep
an average of 40 cows. | would need some 15 more hectares of
pasture if | were going to keep the cattle in the pasture alcne.
But with forage grass and the silo, | can feed the 40 cows in the
80 hectares all year round.
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Int: Was your milk production the same before you began to use forage
grass and the cistern silo?

Res: No. -Before, the average was less. After | bullt the silo and
began to use the forage grass, my average went up. VWhen | came
here there were no cattle on this farm, The farm belonged to my
wifc and she rented it to her brothers because she was a minor and
she was studying. When | came up here my average was 100 liters
of milk per day on the farm. After | built the silo and began
using forage grass, | started getting 200 liters of milk per day
on a yecarly average.

Int: Do you have a forage grass chopper?
Res: Yes, | do.
Int: How did you buy jt?

Res: Through the Bank of Brazil -- both the chopper and the motor to
run  jt...,

Int: When did you first hear about tick spray?

Res: | first heard a neighbor talking about it == that he had bought it
and that he had a bath and a shower to apply it. | saw that his
cattle were much better. Then | began to use tick spray.

. . . . . .

Int: What were the factors that led you to use tick spray?

Res: The first factor was the cattle. For example, we had mixed
cattle, but we didn't use spray with these cattle, because they
do not require it. But when you have Dutch cattle, you have to
take better care of your cattle, because the breed is better,
and if you don't have a bath on your farm, there is no use in
dealing with the Dutch cattle =-- they become weak. |f | didn't
have the bath, | don't know whether | would still deal with
Dutch cattle. Another of the first factors was this: | began
by putting a Dutch bull here to improve my cattle; therefore, |
had to use tick spray. Then when the Dutch cattle came ~-
this is a weaker breed and the bath is needed, especially during
the dry season.

Int: And where do you get the solution for your bath?

Res: From the cooperative.

. . L] . . ", ¢ . . .
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When you build a bath is it necessary to ask for a loan -- how
much does it cost today to build a bath?

Today, the Bank of Brazil finances everything for building a
bath. But this one here that | use was not built by us. It was
built by wy fathur-in-law; that means it is an old bath.

Didn't you borrow any money to build it? You didn't take any loan?’

No, this bath is on my father-in-taw's farm, and | take my cattle
there.

Here on your farm do you have a bath?

Herc | only have a hand sprayer. Now | take the cattle to the
other farm. Today it does not belong any more to my father-in-law,
it belongs to my brother-in-law who lives there. My fathar~in-law
left, and the farm is now my brother-in-law's But the toth still
belongs to the society and it is used by all brothers. It is
easier for me to take the cattle there than to build a t:th,
borrowing money from the Bank of Brazil, especially if |

consider the size of my land. The number of calves that | have

do not require a bath so it is easier for me to take my c¢:ttle

to the other farm.

. . . . - . . D .

When did you first hear about mineral salts.

When | left school my father was already using them. 1 .0
deal with cattle, and when | took my own cows, | began : thes
mineral salts, which are necessary because of the lack arals
in the pastures. Sometimes our pastures today are not .d

as they used to be. Today the pastures are already we: and

there is lack of mineral salts which the cattle need.

So you adopted mineral salis at the same time that you
bath 16 years ago? Where did you obtain Iinformation &
salts?

| heard, for example, from the salesman. Today many -
factories have many salesmen. Several of the factori.
make mineral salts are good, some are bad, and one do.
know anything. They come and they offer you mineral

and you know about it. They say that some ho.c piosp
others don't -- but you never know and ve: nave to buy
whatever is offered.

Which one do you use prescc.y?
The one from 5ivan.

And de you get these products directly from the salesn
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No. We get them now-through the cooperative. Salesmen always
come by to leave them at the cooperativz. We buy from the
cooperative.

Do you have other sources of information?

We get Information through salesmen and also in conversation with
other farmers. PBesides there are always the meetings at the
cooperative.

The meetings at the cooperative?

Yes, therc are always lots of subjects in meetings, aren't there?

Also the veterinarians gave information about mineral salts,
didn't they?

Yes, and also here in Caxamb{i, there was a meeting somec eight
years ago. Some government officials came up here and talked
about all this. About mineral salts, about forage grass.

Well -- and what influenced you to use mineral salts?

What influenced me more was not the salesmen's advertisements,
but a ncighbor who was using mineral salts. He wes gelting very
good results. Even my own cousin -- he was one who influenced
me to use mineral salts.
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