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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
 

diffusion simulation in that it avoids one of 
progression of researches on 

past works: Data %.,,ere gathered explicitlythe main shortcomings of these 

for the purpose of diffusion simulation from a sample of 
dairy farmers in
 

is relational to the extent
 
Minas Gerais, Brazil. Further, this analysis 


pays attention to the dyadic network of interactic;,s involved
 
that the model 


There has been increasing dissatisfaction
In the diffusion of innovations. 


thc'units

with much past communication research in which individuals were 


the nature of communication entails a relationsh'p, an
 of analysis, as 


interchange. The present study incorporates dyadic data at one point in
 

the analysis.
 

Also, past diffusion simulation studies have oftc- lacked an adequate
 

to assess the results
 
method of comparing simulation with reality data, so as 


of the simulation procedures. Tom Carroll pioneers in comparing his simulation
 

the adopter distribution
reality data on
results not only with the more usual 


linear regression analysis
of an innovation, but also with the results of 


(which Is the most common multivariate type of Jata-analysis utilized by
 

diffusion ,-esearchers)•
 

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 simulation approach to diffusion
 

resources.

(and to other research problems) requires great effort, ability, 

and 


It Is by no means a simple or easy approach.
 



But new routes are suggested toward the goal of diffuston 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 Ii. Rogers 
Professor of Communication, and 

Director, Diffusion Project
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CHAPTER I
 

INTRODUCTION
 

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
 

analysik 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 rate 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, particularly in the field of agriculture. For example, a
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decision-maker in a federal department of agriculture must decide how 

to allocate the department's budget. Should he invest more heavily in
 

the mass media as a vehicle for disseminating information about improved
 

agricultural 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 et al., 1963).
 

SINDI 2 is a computer-based model which simulates the diffusion
 

of an Innovation through a social system. (SINDI indicates Simulation
 

of INnovation Diffusion.) 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,
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the economic characteristics of his enterprise, and the characteristics
 

of the innovation. Each potential adopter is influenced proportionally
 

to his exposure to communications from the various sources. When 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 attributes. 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
 



If event A occurs, then
 
incorporates logical expressions of the form: 


2 is a computer simulation model
 
event B will occur. Finally, SINDI 


because it is a functioning, dynamic model which 
is processed on a
 

in the state of the model (and its real
computer so that the changes 


it moves through time..
world analogue) may be shown as 


in
 
SINDI 2 incorporates several important features not often found 


2 is processed as a
 
other diffusion models. First, since SINDI 


run with a given set of
it requires only one
deterministic model, 


parameters to produce an expected-value cumulative 
adoption curve.
 

stochastic models which
 Most other diffusion simulation models are 


same set of parameters
require a series of simulation runs with the 


in order to find the central tendency of the simulated cumulative
 

2 simulates the flow of information
adoption curve. Second, SINDI 


aspect of the overall diffusion
the mass media, an
and influence over 


into account by many diffusion models, particularly

process not taken 


spatial diffusion models. SINDI 2 incorporates an improved technique
 

its immediate predecessor, SINDI l,for simulating the effect of
 

individual is influenced by a
 

over 


the mass media. In SINDI 2 an 


particular mass medium channel proportionally to his 
probability of
 

that channel and to the quantity of innovation information
 exposure to 


2 makes provision for mapping

carried by that channel. Third, SINDI 


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
 

to the overall diffusion process.
contribution of the various channels 
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Fifth, an important aspect of this study is that field research was
 

conducted for the primary purpose of gathering data which couild be used
 

to design the model and provide data inputs to it. In the case of other
 

models the data inputs 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 utili.ed in order to
 

predict for each individual his resistance to adopting innovation X.
 

Several diffusion researchers 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 theory 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 distilled 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 .re
 

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 real-world cumulative adoption curve
 

http:utili.ed
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so as both to produce the best fit according to the Kolmogorov--Smirnov
 

two-sample test for goodness-of-fit and to produce the highest correla

tion between the individual simulated adoption times and the empirical
 

adoption times. Many ocher diffusion models have not explicitly taken
 

into account the fact that most scientific models Incorporate empirical
 

parameters which must be evaluated by fitting the model !.o 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.
 

SINlDI 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 parameters as were found for the case of
 

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



in the empirical data. The linear regression mode.! with seven independent 

variables accounted for 21 percent of the variance. in the case of 

forage grass plot diffusion the absolute predictive ability of SIIIDI 2 

declined as compared to the predictive ability of SIDI 2 in the case 

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 detai led discussion of various formal 

models of the diffusion process which have been formulated by diffusion 

researchers. 

A Review of Diffusion Mlodels 

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. 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.
 

The 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. 
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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 anthropologists. 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 di rcct contacts" (p. 328), is equivalert to Iie'qstrand 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 social system. La Piere (1965) adopted Barnett's model as the basis
 

for a general 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.
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StatisLical mode Is
 

Diffusion researchers have used various statistical models to analyze 

empirical diffusion data. At the simplest level of univariate anolysis,
 

researchers have approximated, by the nor nil curve, tie empirical 

frequency distributions of times at which individuals or other adopting
 

units adopt innovations. The parameters of the normal curve are then used 

to classify individuals according to their innovativeness -- "the degree 

to which an individual is relatively earlier in adopting new ideas than
 

other members of his social system" (Rogers, 1962, pp. 19, 160-64). 

Diffusion researchers have used bivariate correlation and partial
 

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 been used to 

identify the correlates of innovativeness, or, in other v'ords, to detcrmine
 

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 analysis Is simply a listing of the
 

significant variables along with their weightings relative to their
 

importance. 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 variables and their effect on
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Innovation adoption. Nevertheless these models do not lend themselves
 

to the analysis 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 a new set of relationships end 

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 whik;h 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
 

"ADOPTER" might. be developed inwhich the players assume the roles of
 

potential adopters of some innovation.
 



Mathematical models 

In mathematical models, the variables are linked by a series of
 

formal equations, where the form of the equation (linear, non-llnear, 

differential, etc.) specifies the manner in which the variables are
 

combined. Each equation contains a series of parameters, one for each 

variable in the equatioi,.. 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 measurement -- sound 

interval-level measurement, if not ratio-level measurement.
 

The ability 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 interest him but which are embedded in the model's structure.
 

The Investigator "solves" his model by "untangling" and "breaking out" 

the dependent variables in the model's equations so that he can observe
 

their "behavior." Where 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. Examples 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 closed-form, analytic solution is not 

possible 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 summary 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 percent 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 equilibrium use of hybrid corn (ceilings) and in 
the rates of approach to that equilibrium (slopeL-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 purpor.t to present a complete model of tie process
 

of technological change. 
 For example, he was not interested in explaining
 

such microdynamics of the diffusion process as the flow of information 

and infl,ence 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 extension agencies 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 a 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. 
 Analyzing the diffusion data inconjunction 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 as doctors receiving two or more sociometric choices) occurred
 

as a snowball or contagion process which started out slowly, 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 . kx(N
dt - x) 



where x = number of people who have adopted at any point in time, 
St=- 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 un,. of time) is proportional to the number (x) who have
 

already adopted the innovation and to the nuinber (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 Menzel found another type of process operating
 

among doctors who, relatively isolated from other doctors in their
 

communities, recieved few or no sociometric choices. The cumulative
 

adoption curve for the individual proc.'ss, as it was called, rose most
 

steeply at the beginning and then gradually tapered off. ihe mathematical
 

model underlying the individual process is expressed in the form of a
 

differential equation as:
 

dx = k(N - x)dt
 

This model, which might be referred to as the "constant source model,"
 

says in effect 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. 41) 
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concluded:
 

Tlie illtegrated doctors were in a social position to learn about the 
drug and b.. 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 

Coleman was using mathematical models to learn sorething about th 

underlying social process behind the observed data, in neither cast
 

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 hava developed simulation models.
 

Dodd and P.Irce (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 constant source model
 

above), and the logstic curve (also noted above). However, their
 

discussion of the rationale behind the normal curve did not mention 

the notion of normally distributcd 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.
 

Trhe experiment could equally as tell have been performed by automatons 

or simulated on a computer using a random number generator. 

Most of the simpler mathematical models lack ,nany of the structural 

biases that a:'e 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. 

Coleman (1964) developed deterministic models for two types of 

"incomplete social structures." The first model approximated a social 

structure of very tight-knit cliques within which there was complete 

communication between clique members (inhis 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 d;ffusion of a drug among doctors who share offices with a 
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partner. Coleman extended this model somewhat by incorporating a third
 

transition rate which was proportional to the total numbLr of adopters in
 

the system. fhls extension of the model, in effect, incorporatcd 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 a parametric analysis
 

on the equations using a digital computer; or, inother words, he
 

performed a series of "simulation experiments" inorder to perform a
 

"sensitivity check" on the various parameters inthe 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 explored
 

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 is the curve which gives the
 

cumulative number of adopters inone group as a function of the
 

cumulative number of adopters in the other group rather than as a
 

function of time. Even though Coleman's models were based 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 spreader, and second the probability
 



of the information being transmitted when contact is established. 

Thus, Bartholomew 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 simple diffusion model. The simple diffusion model assumes random
 

interaction of "susceptibles" with "infectives" (or "have-nots" with 

"haves" or "nonknowers" with "knowers" or "ilgnorants" 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. It 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 diffused throughout the 

population.
 

Rapaport (1958 with citations to earlier work) developed a scrics
 

of biased net models which were extensions of the simple random net
 

model. The simple random net 
model assumes a spatial distribution of 

nodes which become interconnected with the passage of time. W.hen a 

node becomes connected to the system, it issue one or more edges
can 


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 period.) 
 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 issued edge is
an 


dropped in favor of a specified probability for each pair of nodes. 

The probability depends the structure of the system.
on 


Rapaport has developed the following biased net models:
 

Distance bias model: 
 The probability that 
two nodes become

connected 
is a function of the geographical 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 model is similar tothe island-model above except that overlapping subgroups are
 
allowed.
 

Reflexive or reciprocity biasmodul: 
 The probability that 
c-- a will occur depends on the existence of a c or 
a--; b-- c. 

rorced 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) 
0 
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being connecLed to the network in time period (t + 1) is a function
 

of the probability of not being connected in any of the previous time
 

periods and a function of the various biases incorporated into the model.
 

A summary of the mathematical formulation, solution, and empitical testing
 

of Rapaport's geographical distance bias model may be found in Brown
 

(1965, pp. 34-37).
 

Bartholomew (1967) discussed the stochastic model formulated
 

by Daley and iendall(1965) inwhich the cessation of spreading by
 

spreaders depends on the extent of diffusion which has already taken
 

place within the system. !'If a spreader meets an ignorant, the news
 

is transmitted and the ignorant becomes a spreader. If a spreader
 

meets someone who has previously been informed he ceases to spread
 

the news. Those who have heard but are no longer spreading are called
 

'stiflers' because, on contact with a spreader, they cause him to
 

cease spreading." In 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 a 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 including 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
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model such as the distribution policy of the propagators of the innovation
 

and the behavior of potential adopters %ith 
 respect to shopping in a
 

particularmarket. lie applied his model 
to the diffus-on of te.levision 

sets in an of southern Sweden.area It foundwas that the model provided 

a plausible explanation of the real-world process. Brown also 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 isoften 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 model
 

when the dependent variables of the model 
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 ilaylor et al., p. 2) offered 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, properties concerning the beh'vior of the actual 
system or its subsysteris 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 

inferences 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 ge1wrator to process the prubabilisLic relation

sl Ips in the node I However, for cases in which there is a 1arge numL-er 

of entities and evcnts, the model son:etimes can be solved deterministically 

to yield an expecLed-value solltion. A familiar example of an expected

value analysis of a probabilistic system is the use of mortality tables
 

to calculate Iifc insurance premiums. In the same manner we shall see
 

that, although SINUI 2 requi i s exposure probabi Iities as 
input data, the
 

model is processed deterministically to yield an expected-value cumu]ative
 

adoption curve.
 

"The earliest research on the simulation of diffusion processes was
 

carried out by Torsten H'gerstrand (1953), a Swedish geogropher. Being 

a geographer, he was primarily interested 
in understanding and explaining
 

the spatial-temporal diffusion of innovations within 
a (eonr aphical region.
 

His basic model was governed by a set of theoretical statements (or rules)
 

about how the simulated process was to take place (H-1"gerstrand, 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.
 

4. 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 between any two individuals living in 
a
 

geographical region as 
a function of the distance between ther. It
 

should be noted that conditienal probabilities were used in
 

Hagerstrand's mean Information field: 
 .iven that A communicates with B,
 



p is tie 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. Hbgerstrand 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 liagerstrand 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, liIigerstrand assumed 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 real-world distribution within a
 

geographic region. Another extension of the basic model made provision
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for "barriersto communication along certain cel L--boundar!cs iH order to
 

imitate the effect of the lakes and roadless forests that cut up the
 

real area." .During the processino of the simulation rnodel these
 

barriers in some cases hlocke6 communications from taking platzc at all
 

between certain cells and in other cases diminished the frequency of
 

communication.
 

runs of his model were corryared
When the simulated results of various 


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 Hgerstrand made a
 

significant contribution to simulating spatial diffusion processes,
 

several problems with his work. First he lacked rigorol-s
there were 


tests for goodness-of-fit between the simulated results and the real

he did
world diffusion pattern. Second, it has already been nutcd that 


not implement a method for assignig resistances to the adopting units
 

is no way in the model to
in his simulated population. Third, there 


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

a
comparison of the two time dimensions. In some cases there was 


relation between the two time dimensions. Fourth, the models
nonlinear 


had no provision for simulating the role of the mass media in the
 

not take into account
diffusion process. And finally, the model did 


that there are likely to be other factors beside geographical distance
 

which influence the communication probabilities.
 

Pltts (1963, 1965 and 1967) has programmed variations and extensions
 

in CDC FORTRAN for Control Data computers.
of Hagerstrand's models 


In addition to programming the stochastic models, Pitts also programmed
 

an expected-value, deterministic solution which hecalled the Omega
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pattern. This solution was equivalent to making N runs with a Monte
 

Carlo model where 11is a large number (1000 or more). If the results
 

of each one of these unique runs are averaged, then the results of this
 

average will be the expected pattern for a given seL of data inputs.
 

Rather than making 1000 runs to achieve the Omega pattern, Pitts
 

developed the Omega Program which calculated the expected number of
 

new knowers in each geographical cell at the end of each simulated time
 

period. Thus the number of tellers ineach cell for the next time
 

period isequal to the "whole" number of knowers in that cell. In
 

other words, ifa 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 Hgerstrand-type model to
 

simulate the diffusion of hybrid seed corn in Iowa. 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.
 

Karlsson (1958) discussed methods for Including indiffusion models
 

both the mass media and the effects of social structure on the
 

communication probabilities.
 

Rainlo (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 Ina certain manner. Unlike most other models,
 

Rainlo'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 riot consider his model to be a diffusion model 

nevertheless he d.id acknowledge the influence of H1'"gerstrand and 

Karlsson on his own work. In situations 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 model 

(Model II) 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 the 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 model 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 I 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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channel s. 

divided into cliques2. Individuals within a cormurity can be 
of highly interacting members, with local word-of-mouth messages 

flowing more frequently within cliques than between cliques. 

is small group of individuals ("tellers") within3. There 
the community with a high probability of passing information to
 

others after they have received it; all others have a low
 

probability of passing information.
 

The followino parameters are defined as input to SINDI 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;
 

a
 
(3) the number of contacts allowed to a teller once he 

becomes 


a knowaer through
knower; (4) the probability of a non-knower becoming 

any external channel source; (5) the probability of a membur of a clique 

becoming a knower through contact with a teller from any clique.
 

Technically, SINDI 1 consists of a main program and five
 

The main program handles the monitoring tasks for the
subroutines. 


it acts as a "clock" by executing the time-varying DO
simulation: 


loops and calling the other subroutines. The first subroutine reads
 

for the beginning of a run and
in the p'arameters and initializ,s arrays 


a time period. In the external message subroutine each external channel
 

randomly contacts a specified number of individuals. Associated with
 

an Information transfer
each individual (as an input parameter) is 


his channel orientation (to either a specific
probability based on 


external source-channel or to local face-to-face contacts) and the
 

a particular contact. A randomly
channel source of the message for 


compared informationgenerated number between zero and one is with the 

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 remains a ncn-knower. 

The teller contact subroutine functions like the external me.ssage section 

except that the information transfer probability depends on the
 

individual's clique membership and tie clique mcnibership of a contacting 

teller. The output subroutine prints out a summary of the inforwaLion 

transfer events for the simulation. There is also a random number 

generator which provides random integer subject numbers and random 

decimal numbers between zero and one based on the extension of 

Lehmer's rule. 

Runs were made with SI1DI 1 using input parameters and probabilities 

derived from a secondary analysis of data collected in,a Colombian 
peasant village by Rogers. 3 There were two external source-channols 

carrying information about agricultural innovations (for this series 

of runs, 2,4D weed spray) into the peasant: village: the extension 

agent and the school teacher. The simulated population tOas created 

by dividing the 56 peasants in the community Into four interacting
 

cliques and one group of 11 isolates on the basis of their answers to
 

the sociometric question: "Have you spoken with another farmer in the
 

4
last two months about agriculture? With whom?" Nine of these peasants 

were considered as potential tellers, each of whc',n would begin telling 

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

4Eleven 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. Thn remaining 11 isolaLes 
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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Figure 1.1 SINDI 1: results of three series of simulation runs compared to real-world data. 
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structural biases were introduced through probabli ity inatrices for 

information transfer given that a contact had been made. The assumption 

of random contat.ts is a questionble representation of real-world 

communication behavior. In fact, the empirical data ccllectcd 

in this comnmunity show that contact with external sources is highly 

nonrandom; some individuals have considerable c.ontact 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 adopter! and were 

convinced of the worth of the innovation themselves. rourth, 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 wide influence throughout the
 

community down through those who may influence one or two close
 

friends to 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 III which would
 

simulate the flow of both information and Influence leading to the
 

adoption of an innovation by members of a community. Model III was 

built on the concepts incorporated in Model I, a simulation of attitude 

change In a polarized community, and in Model II, a simulation of 

Information diffusion in a small community. In Model III it was 

assumed that each individual has a "general orientation to change," 

http:contat.ts


scorewhich becomes the basis for the iridividual's specific attitude 

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 III specified that there ;s a ceiling effect for an attitude 

for nby a messagescore and that "an attitucle riot operated upon 

regress toward the neutral point."time periods will 

externalDeutschmann assumed that the information carried by the 

favorable and that the
source-uhannels about innovation X is all 


attitudes of individuals who receive the information become more favotable 

to their attitude score
toward X; inother words, one unit is added 

for each message received. As inModel I the extern ,lsource-channels 

contact random individuals. Each indi~lidual's channel orientation 

determines the probability of receiving information about innovation X 

during a contact with a particular source-channel. The only relation

attributes of individuals which Deutschmann incorporatedship between 

In the model specified that external channel orientation was positively
 

Instead of assuming that the
related to genural favorability to change. 


population was dichotomized into tellers and nontellers as was the
 

case in Model II,Deutschmann allowed every contact between individuals
 

influence on the attitudes toward
In the social system to have some 


As inModel II,the
X of each Individual In the contact pair. 


Depending on
Individuals were randomly matched for each contact. 


In the pair and
the combination of adopters, knowers, or non-knowers 


their respective clique attachments, either influence transfer,
 

Inthe case of Influence
Information transfer, or nothing would happen. 


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

sum of attitude scores." 

to specifyDeutschIann's mcchanism for simulating adoption was 

that when an individual's attitude reached a predetermined level of 

favo rab iIi ty he VIOuI 1d 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 Model Ill was never programmed for the computer 

and thus never run with real-world data inputs. Consequently there 

were several ambiguities which were never clarified in the original 

brief description of the model. For example, what value was to he 

chosen fur the adoption threshold? Was this value to be the sa.., 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
 

attitude toward different innovations
X? An individual's initial 


is likely 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 model
 

and the logistic growth model are examples of deterministic,
 

systems with the least degreemathematical models which model diffusion 
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of complexity. The solutions to these two models 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 accouint the biases of a real-world 

diffusion system they become more difficult to solve aralytically. 

At a certain threshold of complexity the models become difficult 

even to formulate mathematically. Coleman (19614, p. 495) noted that 

"to mirror the fNll complexity of sLIch 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 redia messages. The purpose of the research 

reported below is to develop a reasonably detailed model of the 

simulation 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 collected especially for the
 

purpose of providing inputs into a simulation model. 



CHAPTER II
 

SINDI 2: SIMUI-ATIO1 OF INI,'OVATION DIFFUSION
 

The purpose of this chapter is to describe SINDI 2, E computer

based model which simulates the diffusion of an innovation Lhrough a 

social system. The process of the diffusion of the use of silos 

among the dairy farmters liviry in a Brazilian rural tow.nship was the 

real--world proccss used for t.he dcvelopm.nt of SINDI 2. AItI1ouf(, 

SINDI 2 was designed to model this specific diffusion systvm;, the model 

itself is general. Once the model has been validtcd, it co!.jld b)e 

used to simulate diffusion in other sy,tcins with similar claracleristiks. 

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
 

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


to final adoption or rejection. In this approach the model would have
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simUlated the diffu!;ion of first awareness among individuals through
 

their uxposure to the mass media and other individuals of the social
 

system. However, the lag time from first awareness to final adoption
 

would lmve been incorporated into the model through an empirical technique
 

such as multiple regression, by which the lag time would have been
 

predicted 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": "cognitive" in the sense that each simu

lated individual stores in memory the number of innovation mes:;ages he 

hz,r .. but "passive" the sense that he automatical ly becomesuived , in 

an adoptcr after the number of messages he has received exceeds a certain 

threshold. This approach would have made no attempt to simulate how an
 

individual rationally determines on the basis of economic and other
 

factors whether he will adopt or not. This is the approach suggested
 

by Hagerstrand and Deutschman. However, neither Hagerstrand nor
 

Deutschmann is very clear on how this threshold will be determined
 

for various individuals.
 

A third approach might have developed a "cognitive, rational
 

decision 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 situation in order to decide. if and when he will adopt.
 

To develop decision modules of this sophistication presupposes a detailed
 

understanding of how various factors Interact to a:ffect an Individual's
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decision. This approach is related to the current work in 7,1tific ial 

intell igence.
 

Each of these approach.s has its drawbacks. The first approch, 

the black box approach , was found to be i nadequate because the c.m:ir 1cal 

data, w'hich is discussed later in this report, showed no sigrifican: 

correlation betwe-en owareness-to-adoption time and other indzrende.nt 

variables. Large measurement error 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 easily re(.called. 

Even time-of-adoption is often subject to considerable error of iecall. 

The difference between these two measures tends to yic.ld a very 

unreliable measure. Thus this approach did not prove to be worl-able. 

The cognitive, rational approach was not workable bccauf.c- tlhere was 

insufficient theory and data to develop a programmable model of iinovation 

decis ion-making. 

S114DI 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 ne.,spapers),
 

the electronic media (radio and television programs), ard 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 "decision module" for each simulated Individual follows the
 

Isev, for cxample, the work of Newell and Simon (1963) on simulating
 
general problem-solvingj behavior.
 

http:indzrende.nt
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Eilso incorl-orates aspects
cognitive, passive, approach outlined above but 

are incorporatedof thu other two 	 approachc-;. The following assumptions 

into the model:
 

1. 	Each simulated individual manifests a resistance to adopting
 

face of influence from his environment. This
 an innovation in the 


reIsistance is a fUnction of the individual's demiographic and atti tudinal
 

the economic cIaractoristics of his enterprise and the

characteristics and 


characteristics of the Innovation.
 

2. Each potential adopter is influenced proportionally to his
 

exposure to innovation information carried in thc mass media and to his
 

frcquency of interaction with adopters in his community. 

influence from3. 	When the magnitude of an individual's cumulative 


sources exceecds the magnitude c.f his resistance to adoption, he
various 


becomes an adopter.
 

flow chart for SIIIDI 2 appears in Figure 2.1. After
A simplified 


input data and parameters required for the simulation,
reading in the 


and schedules "external adopters."
SINDI 2 initializes "innovators" 


"Innovators" are those individuals who adopted the innovation prior to
 

adopters" are those individuals
the simulation starting time; "external 


who adopted the innovation somewhere outside the community and then
 

migrated Into the community after the simulation starting time.
 

from the very start of the simulation;
Thus Innovators are influential 


influence within the social system
external adopters become sources of 


only after they have entered the system.
 

is not shown on the simplified flow
Besides the run loop, which 

in the simulation program. In thechart, there are three main loops 


loop of the thice, SINDI 2 cycles thro,,jh a preset number of
outermost 
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Figure 2, 1 Flowchart for SINDI 2 
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For subject i compute eXr:ct(:d Va of propor-I!I': influetnce 

t ional to eYpoSure to riass m,.dia rii:.,.aqs gi ,n subject's
 
exposure probabi l i tiCs to var OLIS rhaIneVIs. 

Compute word-of-mouth influence on subject i propor
tional to his frequency of interaction with adopters individ
ually and at meetings of local organizations. I 

I I 

Loop fol NSUB sects"-

YC s~-	 I 

- -	 I 
No ___ 

No 	 Does cumlIati ve infl1uence 
on i exceed i's resistance? 

Yes 	 I
 

i:becomes an adopter .1
 

OUTPUT: Simulated adoption times; correlations
 
between simulated and ral-world adoption tirics; computer
 
plot of simulated auid r:Cil--world cIIu 1lative adoption
 
curves; Kolmogorov-Smfirnov two-sanmple test for goodness-of-flt. 
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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 each 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 FORTRAN program which follows 

compute the Influence effect on individual i from his exposure to inno

vation messages in magazines and newspapers during the current time 

period. In mathematical notation, these two FORTRAN statcments could
 

be expressed as':
 

NMAGNW
 

EMAGNW (i,itlmp) 
 ZCAGNW 0 PMGNWi,jmn e MMAG1Wjmn,itimp 
jmn l 

The Influence effect from magazines and newspapers on an individual
 

during the current time period is proportional (CMAGNW being the constant
 

of proportionality) to the sum of the expected values of Innovation
 

information received from the various 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 computer 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. 



as the probability of an outcome taking place times the value of the 

outcome. in this case, PMAGN. i'j.,n is the prohability that individual 

I reads a particular issue of magazine or nei.:spaper jrm_, and 

MMAGNWjnitir p is the quantity of innovation information cdrried 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:
 

NRAI)T V 

•ERADTV imp ) : CRADTV * I(ADTV *,jrtMRADTVjrt,itimp 

jrt = I 

In this case 11RADTVjr t it the quantity of innrvztion information 

carried by radio or television program jrt during tim.. period i timp, 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
 

influence effect for this case is programmed as statements A-78 and
 

A-79 which are equivalent to the mathematical expression: 
NLORG 

EMLORG (i,itimp) -- C14LORG • PMLORG I'jI°"AMLORG jI°'(itimp) 

jlo= 

PMLORG Ijlo Is the probability that individual I will attend any given
 

meeting of local organization Io. AMLORGjlo,(Itimp) is the average
 

number of times that adopters attend the meetings of local organization
 

JLo during a given time perIod. "he expected value of AMLORGjlo,(itimp) 
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is computed in statements A-56 to A-59 at the beginning of each time
 

period.
 

Individuals may also interact with other inlividuals in their
 

circle of discussion partners. Empiric ,lly it usually is found that
 

the number 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 erqual, individuals with more discussion partners would be
 

subject to greater absolute sociometric influence from adopters than
 

individuals with only a few discussion partners. For exampIc, 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 completeiq
 

adequate representation of the interpersonal Influence process, a
 

somewhat more complicated expression for sociometric influence is
 

included in the simulation. This expression for ENEHBR (influence
 

Effect from NEIgHBoRs) which is programmed in statements A-83 to A-85,
 

can be expressed mathematically as:
 

ENEHBR( t = CNEHBR. 
(I ,atimp) 

\Ijz ADOPTR i*+CINERT(ADOPTR (itimp)-l 0) - SOCINFIj
j,(itimp) j,(lt "p l 

ij - ija
 

0 CINERT -I
 



where j = NAMED. 
IJ 

and SOCINFj is calculated in A-311 as
 

SOCINFi. CREDIB] (DRDAYS
"j - PDISC )CINFLUI, 0 %CIt"II. 

The first equaLion sums the influencc: contribution nmade by ench
 
discus;ion partner 
named by an individujl. When ADOPIR j,(iti 1.0,
 

then the expression in brack.ets takes on a value of I.0. Whcn
 

ADOPTRj,(itimp) 
 = 0.0 (i.e. individual . is not ye t an adopter), thcn 

the expression in brackets is equal to "-CINERT. (CINERT is a simulation 

parameter which the researcher sets to !ome value betw'.een 7ero and one.) 

Thus, ;ncluded in this expression for sociometric influence is on 

"inertial" negative influence from interaction with nonadcpters.
 

The nonadopters 
 are programmed to be passive In the sense thatI heir 

negative influence only reduces the positive influence from ndopturs
 

during that time period but 
 can never add a negativ: infl uoercU to the 

total 
cumulative sociometric influence. 
 In other words statement 

A-88 of the 
FORTRAN program insures that ENEHBR 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 equation for SOCINF ij computes 
a relative sociom.,-tric influence
 

effect as 
a function of the discussion partner's credibility cind 
the
 

raw frequency of contact 
during a time period raised 
to the exponential
 

power of CINFLU (a simulation parameter between zero anJ one). When 

CINFLU equals 1.0 then SOCINF ij Is exactly proportional theto raw
 

frequency of contact with the discussion partner L... In other words 

a discussion partner whom a subject sees every day has 90 times the 

influence of a discussion partner whom he sees once every three months. 
When CINFLU equals 0.0 the SOCINFIj Is Independent of the raw frequency 



of contact and only depends on the credibility rating of the persoo 

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 actual
 

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 
2 

outputs the results. A separate output analysis program 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 mcst explicit statement of the diffusion simulation model is
 

the computer program itself. The main program of SINDI 2 and a list of
 

definitions for vzriables, 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 perform other "housekeeping" tasks. 

SINDI 2's method for mapping the sociometric communication network
 

Is somewhat different from the usual methods. In many studies of
 

soclometric relationships the data is summarized In the form of a
 

square matrix in which the rows are associated with the persons
 

2 Adapted from a program package implemented the Michiganat State 
University Computer Laboratory by Morris (1967). 
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being named. However, this approach is wastc,ui of the computer's 

core memory because most of the entries are usually zero, indicating 

that there is no interaction between thL two Individuals. In SI ND I 2 

the :oiiniunication structure is mapped as a set of sociometric dyads. 

Each dyad represents a one-way communication link and is chcracterized 

by the following fixed attributes: the identificait;on number of the 

person who is the namer, the identification nunib,,r of the person %.'ho 

is named, the frequency *'fdiscussion about work-related matters, and
 

the crcedibility of the peison noimed in the eyes of the namer, lo 

calculate sociometric influence SINDI 2 cycles through this set of
 

sociometric dyads. A list processing language was not used to ke-p 

track of the circle of discussion partners associated wiith each
 

individual because the communication structure was assumed to
 

remain unchanged during the duration of a simulation run.
 

SINDI 2 is programed in USA Standard FORTRAN (United States 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 COiNTROL 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
 



runs. requi red
 
network comprised of 324 sociometric dyads, each 

series of 


in the data.
to load the program and read 

25 seconds of execution time 


run within a series required approximately h;seconds of cxcution
 
Each 


SII'DI 2 requ i red an
the CONTROL DATA 6500 Coputer,time. When run on 

core memory for buffer areas, 5 secoids of additional 1000 words of 

read in the data for 
central processor time to load the program and 


I second to execuIo" 

each series of runs, and slightly more than each
 

run.
 

a second pass through the
 
The output analysis program which on 

on the lineithe cumulative distribution plotscomputer produced 

printer and perforned the Kolmogorov-fSmilrnov two-s-mple tost,
 

less core memory than did SINDI 2 cnd only a fc,.
required somewhat 


seconds of execution time.
additional 




PROGRAM SINDI2 A 1
 
C SI MULATION, OF INNOVATION DIFFUSION 
C VERSION 2.0U (11/12/68) 
C USA STANDARD FORTRAN PROGRAM BY T.W.CARROLL 
C 

REAL MMt,,GWr,RA[YV, PLORO A 2 
COMMON IAOI1/ LUNIiI U1O,LUNP,I.UNI,KLY(LV ),DI.SCRP(13) A 3 
COMMON /A02/ I RUN, PiN, IIUlNA, IRUNZ A 4 

Itl M , 
COMMON /AOO,/ I,NSI-, J,IN YAn,IJA,IJ/ A 6 
COMMON /,,:5/ ,.GNW ( 00, r), .HA Y(1 ,,.U. , ,1tt\Gt\! 7 

COMMI.'ON /AO3/ F P,pi1E, C,,[)RTIME,0RDAYS A , 

, .. ,.50) A 
COMMON /iO.'/ -PA/.rfV(I'u, IO),.'RADTV (i0,.,),JT,NRADT\V A 8 
CO.iON /A0 1/ AIOG(5),HLoRC. ,5),LRG(5,50),JLONLORC A 
COMMON /AO8/ iDEXT((10) ,IE'TIh(100) ,ljEOP(10) ,UAMES(iOO) A 10 
COMMON /AO9/ IDINT(IIO),I I/ A 11 
COMMON /A1 / K/MUM ({:o), ,,,.)(200) A 12 
COMMON /All/ PRI~ )u 00(K),0 L(0)A 13 
COMMON //, 12,' &i ),h (IQ0) (1 U.'-O ''(i>f),.CI.R I 1 
COMMON /A 1 .DI. (1 0) .U(lOi), (1t0)~li -.! 10) A : 
COMMON A lb/ f/'i ,( IrD%,rr-(100 , ti ( IO{) , ( A.-;1616), 
COMMSiOIN /A! 5/ CKAICNWCI,DTV,"ML. U, m. i, dEL. ,CIKaRT A I'/ 
CO IION /A1 61 REGtMK,,,R t.CK;D,RIST , S .YSD A F 

C
 
C
 
C
C LOG ICAL. UN IT ASSI GNMENT AND PAR(JITE R SEl I N(; 

C
 
LUNI = 60 A 1Q
 
LUNO = 61 A 20
 
LUNP = 62 A 21
 
LUNI 1 A 22
 
PRSUAP = 2.0 A 23
 

C
 
C
 
C INPUT -- PARAMETERS AND DATA
 

C 
C 
C SUBROUTINE INPUTP READS IN BASIC PARAMETERS FOR EACH 
C SIMULATION RUN -- RUN ;ES(RI PTIO,, INPUT-OUTPUT CONTROL 
C KEYS, AND REAL IMIE AT START OF S IMUiIAT IlON AND AT DATA 
C COLLECTION. IT ALSO READS IN,THE TOTAL NJUMBER OF 
C EACH OF THE FO.LOWING .I PERIODS,-- SIMULATION RUNS, ME 
C MAGAZINES AND NEW.SPAPERS, RADIO AND TELEVISION PIOCRAMS, 
C LOCAL ORGANIZATION,1S, I ,DIVIDUAL. SUBJECTS, AND SOCIOMETRIC 
C DYADS. (SUBROUTINE IDENTIFICATION CODE LETTER = B) 

CALL INPUTP A 24 
C 
C SUBROUTINE INPUTr READS IN EACII SUBJECT*S ENTRY TIME I10 
C THE COMMUIIITY, TIIE SIART-UP TIME OF HIS EIJTERPR ISE, HIS 
C PROBABILITY OF EXPOSURE TO EALH MA.SS MEDIA CIIAIHI[L , AND 
C HIS PROBAB ILITY OF ATTENDANCE AT ME:ETIINGS OF EACH LOCAL 
C ORGANIZATION INPITI ALSO READS I N TIEIDATA ON I1tE 
C SOCIOMEFTRIC DYADS, THESE DATA SPECIFY THE IDENTI IFICATIION 
C NUMBER OF THE HAMER, lIE IDENTIFICATIONH NUIBER OF 1HE 
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C PERSON NAMED, THE PROBABILITY OF DISCUSSION ABOUT WORK-

C RELATED MATTERS, AND I-HE SOURCE CREDIBILITY OF THE PER-

C SON NAMED AS SEEN BY THE NAMER. (C) 
CALL INPUTI A 25 

C 
C SUBROUTINE INPUIA READS IN EACH SUBJECI*S EMPIRICAL 

C ADOPTION IMEW AN D IllS RAW RESISIANCE-TO-INdOVATING 
C FACTOR PREDICTED FROM MULTIPLE REGRESSION. (D) 

CALL INPUITA A 26 

C 
C SUBROUTINE INpuTm READS IN THE QUAINTITY Or INHOVATION 

C IINFORMATION CARR I[ED BY EACH MASS MEDIA CHANIEL AND THE 

C NUMBER OF MEETINGS HELD BY EACH LOCAL ORGANIZATION 

C DURING EACH SIMULATED TIME PERIOD. (E) 

CALL INPUTM A 27 
C 
C 
C SIMULATION RUN LOOP 
C 
C 

C 
DO 150 IRUN = IRUA, IRUHZ A 28 

C SUBROUTINI: INPUTT READS IN THE SIMILATION "IruI.G PAR.A;--

C METERS. THESE INCLUDE VALUES FOR (1) THE MEAN AND 
C STANDARD [I'VIATION OF [HE SJIJECTSv, "FRANSFO'.&D 
C RESISTANC L- TO-INHNOVA [ING Fh/,TOES, (2) CO' In CATlO;! 
C EXPOSURE INFLUENCE PFALMLIERS---C'AGNV-., CRADTV, CMLOR0, 

C CNEH, -- AND (3) SOCIOME1RIC INIE RACTION PARAMETERS---
C CINFLU AND CINERT. (F) 

CALL INPUTT A 29 

C 
C VARIABLE INITIALIZATION FOR NEW RUN 
C ---------------------------- ---- -

C 
C THE NEXT TWO STATEMENTS LINEARLY TRANSFORM REGR(I), THE 
C RAW RESISTANCE FACTOR PREDICTED FROM MULTIPLE REGRESSION, 

C TO RESIST(i), THE RESISTANCE OF INDIVIDUAL I TO INNO-

C VATION COMMUNICATIONS RECEIVED DURING THE SIMULATION RUN. 
DO 10 I 1,NSUD A 30 

10 RESIST(1) (RISTSD/REGRSD)IREGR(I)-(REGRMN-REGRSD))+(RISTMN- A 31 

RISTSD) A 31 

C 
C THE NEXT TWO STATEMENTS CALCULATE RELATIVE SOCIOMETRIC 

C INFLUENCE ON INDIVIDUAL I FROM INDIVIDUAL J, ONE OF I*S 
C DISCUSSION PARTNERS, AS A FUNCTION OF J'S CREDIBILITY AND 

C THE RAW NUMBER OF INTERACTIONS PER TIME FERIOD RAISED TO 

C THE POWER OF CINFLU. CINFLU IS A SIMULATION PARAMETER 
C BETWEEN ZERO AND ONE. 

DO 20 IJ I,NDYAD A 33 
20 SOCINF(IJ) CREDIB(IJ):;(DRDAYS*PDISC(IJ)),*CINFLU A 34 

C 
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C INITIALIZE STATE VARIABLES
 
DO 30 .1 1,NSU 
 A 35 
SRADTV(I) 0
O.0 
 A 36 
SMAGNW(I) 0.0 A 37 
SMLORG(!) 0.0 
 A 33." 
SNFIIBR(I) 0.0 A 35 
ADOPTR(l) 0.0 
 A W0
 
"IADSIM(I) 0.0 
 A 41 
ITAG(!) = 3 A 12 

C TAG INNOVATORS
 
IF (TADUAT(I).LERTIHEA) ITAG(i) - 1 
 A 43 

C TAG EXTERNAL ADOPTEkS 
IF ((TADDA'r(I).LE.TENTC;r( )).ANiD, (Irc.(i).GT. RTIMEA)) 11Ar(I)N2 A 01i 

C FOR INNOVATORS AND XIERNAI. ADOPTERS, SET SIMULATED 
C ADOPT ION "I IN: EQUA. TO [7tP IR I CA. ADOPT ION 1 I. 

IF (ITAG(I).LE.2) TADS M(I) - lAnDAT( ) A 15 
30 CONTINUE A '6 

C 
r) IIOVATOkS 


C ORDER ACCORD ING 10 TIlL [ W"PIN I CAl. A P F ON TIE 


C SUBROUTINE sRDF(SORTS I lO CHR0ON(LC;CAL 
T I S. 

C ORDERI (2) ORDES OiHLER SUBICTS AS "IILY DECOM;E A!YOTE7RS. 
c (H)
 

CALL ORDERI (l) 
 A 17C 

C INITIALIZE REAL 1 IME
 
RTIIE " RTI9.A-O.5*DRTI'E A

C 

C 
C TIME PERIOD LOOP
 
C
 
C
 

DO 130 ITIMP = 1,!TIMP A 49 
RTIME = RTIME+DRTIME A 50 

DO A0 I = I,NSUB A 51
 
IF (ADOPTR(1).EQ.1.O) GO TO 0 
 A 52


C ACTIVATE INIOVATORS AND EXTERNAL ADOPTERS AS 
C ADOPTERS IN TIlE COMUNIITY WHEN SIMULATED REAL Ti ME 
C EXCEEDS THE TIME THEY ENTERED Till COMMUNI IY. 

IF ((ITAG(I).LE.2).AND.(RTI.iE GE.TFNTC(I))) ADOPTR(I) - 1.0 A 53 
IF ((ITAG(I).EQ.2).AND.(ADOPTR(I) EQ.1.0)) 
 CALL. ORDERI (2) A 54

AID CONTINUE 
 A 55 
C 
C THIS SECTION COMPUTES AT THE BEGINNING OF EACH TIME 
C PERIOD THE AVERAGE NUMBER OF TIMES ADOPTERS ATTEND
 
C MEETINGS OF A PARTICULAR LOCAL ORGANIZATION DURING 
C THE TIME PERIOD. 

DO 50 JLO ,NI.ORG A 56
 
AMLORG(JLO) 0.0 
 A 57
 
DO 50 J = ISUB 
 A 58
 

50 AMLORG(JLO) = AMLORG(JLO)+MLORG(JLO, ITIMP)*AOPTR(J)*PMLORG(J,JLO)A 59 
C
 

http:ITAG(I).LE.2).AND.(RTI.iE
http:Irc.(i).GT


C 	 RESETSOCIOMETRIC LOOPING PAIAMETERS A 60
IJA =0 


A 61
IJZ = 0 

C 
C
 
C SUBJECT LOOP FOR MFSSA(;E EXPOSURE 

C
 DO 110 I = ISUB 
 A 62
 

C 
C TlHE FOLLOWviINHG TWO ST/\I FMFITS ADJUST THE DYAD IOOPIG 

DY/D Will !HE FIRSTC PAPJ4,ETERS 0 THAT IjA PnINrS I0 THE 

C SOCIOMETR IC DISCUSSIO N PAr.T R.,NAU.FI) BY I WI) I VI DnAL I AND 

C IJZ POINTS 10 THE DYAD WIH TH1 LAST PARIIL IN:EDH BY I. 

IJA = IJZ +1 
 A 63 

I JZ =I JZHQAMES(I) 64 
C
 

C THE NFXT TIRIF STATFMFHETS CAJSF IL PROGCAM 1"C KYPASS THL 

C ML SSA;E FXPOSU'F a AVO ElS , NONAKI, TOPSSF-C OUR, 

C (INDIVIDUAL S .HO IIAVE HOT YET SE.I0USLY COWI[[I:1;LAIED 

C SIARTI 'G AN Oli FAT Ow) , I NNOVATORS AND EXEIHAL ADOP'TE1 
A 65IF (ADOPTi(I).EQ 1.0) CO TO 110 

IF (RTIHE.LI (rImCO (I)-PPSUAP)) 6o TO 110 A 66 
A 67IF (ITAG().LE.2) GO TO 110 

C
 

c MASS I.[DI A CGE.'tU"'C I OH S 
C- -------------------...----
C 

C TIlS SECTION EXPOSES EACH NONADOPIER TO INHOVATION 

MAGAZINES AND NEWSPAPERS.C MESSAGES CARRIED BY 

A 6P
EMAGNW = 0.0 

A Q,DO 60 JMN = 1,NMAGk\/ 
A 7060 EMAGNW = EMAGNW+CMAGNW.PMAGNW(I,JMN)*MMAGNW(JMN,ITIMP) 

SMAGNW (I) = SMAGNW(1) +EMAGNVW A 71 
C 

C 	 THIS SECTION EXPOSES EACH NOIADOPTER TO INNOVATION
 

MESSAGES CARRIED ON RADIO AND TELEVISION PROGRAMS.
C 

A 72
ERADTV = 0.0 

A 73
DO 70 JRT = 1,HRADTV 


74
70 ERADTV = ERADTV+CRADTV*PRADTV(I ,JRi)*MRADIV(JRT,ITIIP) 	 A 

A 75SRADTV(1) = SRADTV(I)+ERADTV 

C
 

EACH SUBJECT WHO HAS NOT YET ENTERED THE COMMUNITY
C 
AND HAS NOT YET ADOPTED MAY PE EXPOSED TO MESSAGES
C 
IN THE MASS MEDIA BUT MAY NOT INTERACT WITH OTHERS
C 


C IN THE COMMUNITY UNTIL HE HIMSELF HAS MIGRATED INTO
 

C THE COMMUNITY,
 
A 76
IF (RTIME.LT.TENTCM(1)) GO TO 11 


C 

http:RTIHE.LI
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C WORD-OF- mOU I'r EMU), IAlI , 

C
 

C THlIS SECTIO!, FXPOSiS EAL lOAP.P l: NR I FI.U[., L Ro. 
C ADOtPT:RS A! i t INGS OF l (.AL O CAN TI01S. 

EMLOIG = 0.0 A 7 
DO 80 JI.O :- ] ,NLORG A 2? 

..
80 EMLOIU - [ILORG-t 4 q-PC.ORC(I,JLO),.AMLOIPG (JL( ) A 7 
,LORG(1) -:SIA,_ONC(i) rUl,(G'4 A c. 

C
 
C "I'HIS SEClInlI EAClH T INFL UFNCF
t POSFS rONAPOP-ER tO [Poll
 
C A)CPTEPS IN I.S CiRCI.F OF DISCUSS i ON PAR' IC RS. .A(N
 
C NONAOPiEI !5 ALSO EXPOSED TO UIGATIV IINFLIE CE FPOM
 
C DISC ISSION PARI ,!!RS WHO HAVE NOT YfT ADOPTED.
 

ENEHBR - 0.0 
 A 81
 
II: (NAMES ( ) FQ 0) CO TO 100 A R' 
DO 90 IJ - IJ liZ, A 1-3 
J - AiKE D( ) A El. 
E.NEHIBP, I ( ;mOPIn(), LIENt (,'HOi JR(J)- 1.0) A FLULHE.+CNI:E.' 

SOC IlN(IJ) A f5 
90 CONT IrUI'E A -7 

IF (II.l ,.LI O .0) ENLIBR, = O00 
100 (:ONTINUL A -


SNEII[JR(I) ,-SNEIIrR(I)i.EIiFIUR A 50 
C 
C rUNlSUIJF CT EXPOSUfm I OP 

110 CONTINUE p 51 
C 
C 
C ADOPTER UPDATE SECTION 
C 
C 
C THIS SECTION CHECKS TO SEE IF TIHE TOTAl. INFLUENCE FROM 
C VARIOUS SOURCES ON EACH NONADOPTER EXCEEDS HIS RESISTANCE 
C Q0 INNOVATING IF SO, TIlE INDIVIDUAL BECOMES AN 
C ADOPTER. 

DO 120 I = ,NSUB A 92 
IF ((ADOPTR(I ).EQ.I.O),OR (ITAG(i) L1.2)) GO TO 120 A 93 
SINFLU = SrAGNW(I)-w-SRADlV(i)-+SISMLOrG(I).tSrMuEnr;,(i) A 94 
IF ((SINFI.U.LT.RESIST(I)) OR.(nTI: LT. TBEGOP(I)).OR.(RV, AIME'.LT. 95
 
TENTCM(I))) GO TO 120 b, 95
 

ADOPTR(I) = 1.0 A 97
 
TADSIM(I) = RTIME A 98
 
CALL ORDERI (2) A 99
 

120 CONTINUE 
 A 100
 
C
 
C END TIME PERIOD LOOP
 

130 CONTINUE 
 A 101
 
C
 
C
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°.).
 

C SUMMARY AND OUTPUT 
C
 
C 
C THIS SECTI O TAGS ALL IND IVIDUALS, IT HAV10IIOT .YE 
C - THE END OF TI-[ SIMUL ION IT TI TARILY SETSBY T RUN, A-E 
CT HEI SMULATED ADOPTION I EQUAL 10 TIE REAL 
C TIME AT THEID NEXT IME PERIOD AFTER THE 1l11AL S1I IULATL) 
C 11IME PERIOD. 
C 

I IE RFI +DR I'lE A 102P= 

DO 140 I - 1,'SUfl A 103 
IF (1ADSlI (I).G[-O.O) GO TO 14o A 104 
TADS I (I) = RT IME A 105 
ITAG(I) = A 106 
CALL ORDERI (2) A I07 

14o CONTINUE A os
 
C
 

C SUBROUtTINE OUTPUT PRINTS OUT THE SIMJLATION REStl.'S, 
C THESE INCLUDE --. (1) MEANS AD S1ANUf.,D Di IVA AT!O FO01S 
C SIMULATEI) AND EMPIRICAL ADOPT IO' TI ,,S, (2) LORRt LIA'T S 
C BETWEEN S IMUI.Ar!D AiDOP I(N,TINE.S, EP I ,CAL ADOPTI(N 
C TIMES, AND RLSIST/,1C FAClOk', PEED!C"i7D FlOP PULII'iL 

C IEG IO,' (3) PELAf I VE PR 0-Rl lOP! OF I !U CL It T!E1ESS II' 
C VARIOUS I NFLUENT IAL SOURCES, (4) S(INtE[/ 1t1 ,Ol ilOP TIESA 
C IN CIIIfOtOIOGICAI. OEF[).R FOP L\. H I lID!i)l1! 1. PILic .U : LY 
C OF SOUP( Ff OF IP?!rIFrClfE ON F I tlMPtVI rli .,) 
C SI MULAI E) ADOPIIlT iOC!P I S API) I I E LI,'!-C t OTHER 
C DATA FOPR FACH I UlVI[UthAL THE I.A6 SET OF RESLTS ( ) 
C CAN [HE OUTI-UT ON A SCRATCH UliT AID/ORt PU'!CIl UNIT 
C TO FACILITATE FURIHER ANALYSIS OF "tHE RESULTS SUCH AS 
C TIHE IKOLM.1OGOROV-SMIRIJOV TW.IO-SAMPLE TEST AND COMPUTER 
C PLOTTING OF IrHE CUMULATIVE ADOPTION CURVES. (G) 

1 .i,I) 

CALL OUTPUT A 109
 
C
 

C END RUN LOOP
 
150 CONTINUE A 110
 

C
 
C END SIMULATION
 

END A III
 

SUBROUTINE DEFINE
 
C
 
C ADOPTR (1) DESIGNATES WHETHER INDIVIDUAL I IS AN ADOPTER. (IJSUB)
 
C = 1.0 IF HE IS AN ADOPTER,
 
C = 0.0 IF HE IS A NONADOPTER.
 

C
 
C AMLORG (JLO) THE AVERAGE NUMBER OF TIMES THAT ADOPTERS ATTEND THE
 
C MEETING OF I.OCAL ORGANIZATION JLO DURING THE CURRENT TIME
 
C PERIOD. (NLORG)
 
C
 



C 
C 

CINERT SI MULAIIION PARA4'TER USLD IN "lL EXPREION FOR EU11Imo TO 
SPECIFY THIE DEGREE OF NEGATIVF i NFLUENCE FROM NOHADOPF'RS 

C 
C 
C 
C 

c,..LU SI.MULATION P '.AM.T BEI\![N /FRO AND ONE \'IIClI IS ,USEDAS Au 
EXPONENT rop "1-E ENA, FREQUECfY oF IN'E-AClI IN THE CALLU
LA'or! OF SOCiOIEII.IC INFLiUL I:,SOCIF (IJ). 

C 
C 
C 
C 

CIAGIW CONS1ANT OF PR0OPRTIONALITY IN TIIE RELAT I.NSHI WHICH 
SPECI f l EiN NLr,.,E-[ FEIT (EMAGNW) ON AN INDIVID'DI1f. 
RESULTIN G FROM.His ExPOR.: r INNOVATION 111FOf,, l l'" CARRIED 

C IINI.AAZINPFS AND NF.SPAr S 
C 
C 
C 
C 

CMLORG CONSTAN) OF PROPORTII TYify IN "IHE REF/LATIONHI l' 0illCHl 
SPECIFLES THL - ..FI!FLEN FFF! (Elf LORG) (IN AN IND IIVIDUAL 
RESULT IING FROMH H S IITEIRAT iON \lfl ADOIPEt-S ENCOUNTIT D ATr 

C iEETIfNGS OF LOCAL ORGAN IZATIONS. 
C 
C CiEHBR CONSTANT OF [ 
C EFFECT ([lf0lMf) 
C INT ERACT ION .iYH 

TIALI IY 
ON AN4 IN I Il'iV IRfOM HIS 

,oPon .';IH SPFCIFS 0 E l 1WI l,,E 
L IESUTI NG 


ADFTE RS AND NGNADOii RlS I N PA I F " -

C 
C 

COM UNI CA IOfS'SiUrIOS. 

C 
C 
C 

C 

CRADTV CONSTANI OF PROPOkI'I IOALITY .I!(:H 
EFFECT (FRADrV) ON AN INDI VI DUAf. 
TO INIIOVA IION iN IFO;',fl~i/lON CAfInlID 
PROGRAMrS. 

C 

SPECII IILS THE INFLI..tI.' 
RESLILTGIFrROMlHS EXVOSLURE 

ON A1I1 ,"ND "LI .EVI -I: 

C CREDIB (IJ) CREDIIIfTY OF MAMED (IJ) AS SEEN 
rY NAI-ER (IJ) IN

C MATTERS RELATEID 
 TO HIS WORK ENTERPRISE FOR SOCIOIETRIC DYAD
 
C Id. (NDYAD) RANGE -- 0.0 TO 1.0.
 
C
 
C DESCRP (1-13) THIRTEEN-WORD ARRAY FOR STORING AN ALPHANUMERIC
 
C DESCRIPTION.
 

C
 
C DRDAYS NUMBER OF DAYS PER TIIE PERIOD.
 
C
 
C DRTIME "REAL TIME DURATION OF ONE SIMULATION TIIL PERIOD.
 
C USUAL DIMENSION -- YEARS
 
C
 
C EMAGNW INFLUENCE EFFECT 01 AN INDIVIDUAL RESUI.'rNG FROM HIS EXPOSURE
 
C 
 TO INNOVAT ION MESSAGES CARRI Y'1.IAGAZIIlLS AND NEWSPAPEIRS 
C ISSUED DURING CURRENT TIME PERIOD.
 
C 
C EMLORG INFLUENCE EFFECT orN 
AN INDIVIDUAL RESUIL.TING FROM HIS
 
C INTERATION WITH ADOPTERS AT MEETINGS OF LOCAL ORGANIZATIONS
 
C DURING CURRENT TIME PERIOD.
 
C
 
C ENEHBR 
 INFLUENCE EFFECT ON AN INDIVIDUAL. RESULTING FROM HIS
 
C 
 INTERACTION WITH ADOPTERS AND NONADOPTIEIS (AS DETERMINED BY

C THE INDIVIDIUAI.*S 
L.IST OF SOCIOMETRIC CHOICES) ENCOUNTEIRED IN

C PAl RV/ISE COMMUNI CATION SITUATIONS DURING TIEL CURRENT TIM.IE
 
C PERIOD.
 
C
 

http:INFLI..tI


C ERADTV INFLUENCE EFFECT-ON AN INDIVIDUAL RESULTING FROM HIS 
C EXPOSURE TO iNNOVATION MESSAGES CARRIED BY RADIO AND 
C TELEVISION PROGRA1S DURING CURRENT TIME PEdIOD. 
C 

C I INDEX SPECIFYING A PARTICULARI INDIVIDUAL SUBJECT BY HIS 
C INTERNRAL COOl NUMHE . (I - I,NSUB) 
C 
C ICODE AN INIEGER VARIABLE WH I CH IS CHECKED BY THE PROGRAM TO 
c DETERMINF IF IT CONTAINS THE TWO-CHARACTER ALPHANUMBERIC CODE 
C 
C 
C IDEXT (I) IDENTIFICATION CODE NUMBER EXTERNA. TO SIMULATION FOR
 
C INDIVIDUAL I (E.G. A QULSTIONAIRE CODE NUMBER). (NSUB) 
C 
C IDINT (IE) IDENTIFICATION CODE NUMBER iNTERNAL TO THE SIMULATION
 
C FOR INDIVIDUAL Il (IEZ) 
C 
C IE INDEX INDIRECTLY SPECIFYING AN INDIVIDUAL SUBJECT BY HIS
 
C EXTERNAL CODE NUMBER. DEFINED AS IDEXT(I)-IDEXT(I).Ir 
C (IE = ,IEZ)
C 

C IEZ COMPUTED LPPER LIMIT FOR INDEX IE. DEFINED AS IOEXT(NSUB)-
C IDEXT(I)+I. 
C 
C 11 INDEX SPECIFYING A PARTICULAR SOCIOMErRIC DYAD. (IJ = 1IDYAD) 
C OR (IJ = IJA:IJZ) 
C 
C IJA COMPUTED BEGINNING VALUE FOR INDEX IJ WHEN THE PROGRAM LOOPS 
C THROUGH ONE INDIVIDUAL*S LIST OF SOCIOMETRIC CHOICES. 
C 
C IZ COMPUTED FINAL VALUE FOR INDEX IJ WHEN THE PROGRAM LOOPS 
C THROUGH ONE INDIVIDUAL*S LIST OF SOCIOMETRIC CHOICES. 
C 
C IRUN INDEX SPECIFYING THE SEQUENCE NUMBER OF THE CURRENT RUN OF 
C THE SERIES. (IRUN = IRUNA,IRUNZ) 
C 
C IRUNA -INTEGER SEUENCE NUMBER OF THE FIRST RUN OF A SERIES OF 
C SIMULATION RUNS, 
C 
C IRUNZ INTEGER SEQUENCE NUMBER OF THE LAST RUN OF A SERIES OF
 
C SINUMATION RUNS.
 
C
 
C iS INDEX FOR ARRAY ISORT. (IS = ,NSUB)
 
C 
C ISORT (IS) AN ARRAY IN WHICH SUBJECT INTERNAL CODE NUMBERS ARE 
C STORED CHRONOLOGICALLY ACCORDING TO THE SUBJECT*S SIMULATED 
C ADOPTION TIME. (NSUB) 
C 

http:IDEXT(I)-IDEXT(I).Ir


C ITAG (I) TAG W-HICH DE-';TI.S HOW SIMIULATED ADOPTION TIM.iE WAS 
C ASSIGIFD TO INDIVIDUAL. I. (usuB) 
C -1 IF SET EQUAL TO FMPIRICAL ADOPi ION TIME IN )HE CASE OF 

C INnVATORS WHO /DOPTED [F.ORE TIE START ING rIlE. OF THE 
C S 1IULATI O! 

C - 2 IF SET EQU',L TO E- PiRICAl ADOPT;; TIME IINT IE CASE OF 
C EXTERN/. /dCrlLEG 410 ADOPED FL&RE EIUERIN6 THE 
r COMIUJN ITY, 

C = 3 IF D.IER I!NL0 BY SIULATION. 
C = IF SE1 E0 L'.TO PEAL 11I", C ,,RSPODII'G TO I'I P NTIMP-I 

C IN THE CASF OF SU'JECTS WHO HAD N.OT ADOPTED BY THe END OF 
C THE S IMULAlI UNPi. 

C 
C ITIMP INDEX SPECIFYING CURRENT TIEI PERIOD OF SIMULATIUN RUN. 
C 
C 

(IT .IMP- ,NT Irl) 

C J INDEX SPECIFYIIG tHL NiEPJAL CODE PUMPER OF AN INU IVIDUAL 

C WHEN HEIACTS IN IE POLE OF AN4 IVFLUFN.rR. (J = ,14SU) 
C 
C JMIN INDEX SPECIFYING A PAT'I CULAR MAAZIML Ok IEWSPAPER. 
C 
C 

(J.4N :- 1,11MAGN,) 

C JLO INDEX SPECIFYING A PARTICUI.AR IlOCAL OINGASIZATION, 
C (JLO = ,ILORG) 
C 
C JRT INDLX SPECIFYiN A PARTICUIAN RADIO OK TLLEVISInO PROCAm. 

C 
C 

(JRT -" I,RADTV) 

C KEY (I-4) INPUT-OUTPUT KEYS WHICH CONI ROL (1) COMPIETE PRINTOLIT 

C OF INPUT DATA, (2) COMPLETE PRINTOUT OF RESULTS, (3) BINARY 

C OUTPUT ON LOGICAL UNIT 1, AND (4) OUTPUT ON PUNCH UNIT. 

C = I IF DESIRED, 
C = 0 IF NOT DESIRED. 
C 
C LUNI LOGICAL UNIT NO I USED AS A SCRATCHIUNIT FOR OUTPUTING 

C RESULTS IN FLOAT!NG POINT BINARY rORMAT. 
C 
C LUNI LOGICAL LINIT FOR INPUT, 
C 
C LUNO LOGICAL UNIT F-OR PRINT OU1PUT. 
C 
C LUNP LOGICAL UNT FOR PUNCH OUTPUT. 
c 
C MLORG (JLO,ITIMP) (TYPE REAL) MEETINGS OF LOCAL ORGANIZATION JLO 

C DURING TIME PERIOD ITIMP. DIMENSION -- NUMBER OF MEETINGS 

C PER TIME PERIOD. (NLORG,NTIMP) 
C 
C MMAGNW (JIMN,1rII1P) (tYPE REAL) INNOVATION MFSSAGES IN MAGAZINE OR 

C NEWSPAPER CHANNEL JhN IN TIME PERIOD ITIMP. DIMENSION --

C SQUARE INCHES PER TIME PERIOD. (NMAGNW,NTIP) 

C 
C MRADTV (JRT,ITIMP) (TYPE REAL) INNOVATION MESSAGES ON RADIO OR 

C TELEVISION PROGRAM jRT IN rIME PERIOD ITIMP. DIMENSION ---

C MINUTES PER lIME PERIOD. (NRADTV,N1 IP) 

C 



C NAMED (IJ) REFERS TO INDIVIDUAL J, THE PERSON NAMED IN THE 
C SOCIOIETRIC CHOICE DYAD IJ. (NDYAD) 
C 
C NAMER (IJ) REFERS TO INDIVIDUAL I, THE NAMER IN THE SOCIOIETRIC 
C CHOICE DYAD IJ. (hDYAD) 
C 
C NAMES (1) NUMBER OF SOCIOMETRIC NAMES GIVEN BY INDIVIDUAL I AS 
C NAMER (0,). (NSU i ) 
C 
C NDYAD THE TOTAL NUMBER OF SOLIOIMETRIC DYADS INCLUDED IN THE 
C SIMULATION. 
C 
C NLORG THE TOTAL NUMBER OF LOCAL ORGANIZATIONS REPRESENTED IN THE 
C SIMULATION. 
C 
C NMAGNW THE TOTAL NUMBER OF MIAGAZINES AND NEWSPAPER TITLES 
C REPRESENTED IN THE SIMULATION. 
C 
C NRADTV li i ,. TOTAL NUMBER OF DIFFERENT RADIO AND TELEVISION PROGRAMS 
C (E.G. THE FARMER*S HOUR) REPRESENTED IN THE SIMULATION. 

C 
C NRUN THE TOTAl. NUMBER OF SIIULATION RUNS IN CURRI'NT SERIES. A RUNI IS 
C DEFINED AS ONE CYCLE OF NTIMP TIME PERIODS PLUS ITS OUTPUT. 
C 
C NSUP THE TOTAL NUIMBER OF SUBJECTS (OR UIDIVIDUALS) IN THE 
C SIMULATED POPULATION 
C 
C NTIMP THE NUMBER OF TIME PERIODS WHICH THE SIMULATION IS ALLOWED TO 
C RUN. 
C 
C PDISC (IJ) PROBABILITY OF DISCUSSION ABOUT MATTERS RELATED TO WORK 
C OPERATION BETWEEN NAMER(IJ) AND NAMED(IJ) ON ANY GIVEN DAY. 
C (NDYAD) 
C 
C PMAGNW (IJMN) INDIVIDUAL I*S PROBABILITY OF EXPOSURE TO MAGAZINE 
C OR NEWSPAPER ISSUE JMN. (NSU6,WMAGNW) 
C 
C PMLORG (I,JLO) INDIVIDUAL Q*S PROBABILITY OF ATTENDANCE AT A 
C MEETING OF LOCAL ORGANIZATION JLO. (NSUB,NMAGNW) 
C 
C PRADTV (I,JRT) INDIVIDUAL I*S PROBABILITY OF EXPOSURE TO RADIO OR 
C TELEVISION PROGRAM JRT. (NSUB,NRADTV) 
C 
C PRSUAP PERSUASION PERIOD PRIOR TO THE TIME WIEN AN INDIVIDUAL BEGINS 
C HIS WORK ENTERPRISE AND DURING WHICH HE CAN BE INFLUENCED BY 

C VARIOUS SOURCES TC ADOPI THE INNOVATION. 
C 
C REGR (1) MULTIPLE REGRESSION PREDICTION OF INDIVIDUAL I*S 
C RESISTANCE TO ADOPTING AN INNOVATION BASED ON INDIVIDLIAL*S 
C DEMOGRAPHIC, ATTITUDIOiAL AND ECONOMIC CHARACTERISTICS. 
C (SUB) 
C 
C REGRM REGR DISTRIBUTION -- MEAN. 
C 
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C REGRSD REGR DISTRIBOTION STANDARD DEVIATION. 
C 

C RESIST (I) INDIVIDUAL I*S kURE'ISiANCE TO INNOVATION ADOPT 101. THE 

C RESIST SCALE, WHICI IS USFD IN THE SIMULAIION, IS A LINEAR 

C 
C 

"TRANSFORMATIONOF TlHE IIPUT REGR SCALE. (NSUB) 

C RISTMN RESIST DISTRIBDUIION -- MEAN, 
C 
C RISTSD RESIST DISTRIBUTION -- STAN)ARD DEVIATION. 
C 

C RTDATA REAL TIME AT TII POINT OF DATA COLLECTION BY THE USE OF 
C SURVLY QUESTIONI/\I RES. 
C 
C RTIME REAL TIME EQUIVALENT OF A SIMULATION TIME PERIOD. 
C 
C RTIMEA REAL TIME AT THE BEGINNING OF THE SIMULATION. 
C 
C SINFLU CUMULATIVE SUM OF MASS MEDIA AND WORD-O 1.-OUlHINI[UE-CE O14 

C AN INDIVIDUAL. 
C 
C SMAGR, (I) CUMULATIVE SUM OF INFLUr'[J EFFFCTS ON INDIVIDUAL I 

C THROUGH HIS EXPOSURE TO INN[jI ON MESSAGES CARR IED BY 
C MAGAZINES AND HF\.!SI'APEN[S ISSUE:D UP 11HF.OUGH THE CU RrJ'F T"rIME 
C PERIOD. (NSUB) 
C 
C SMItO.G (1) CUMULATIVE SUM Of INF! HENCE EFFECTa; ON INDIVIDJAL I 

C FROMH IS INTERACTION WIT 1 !OVATION /, ,P ERS AI MEFTIGS Of 

C LOCAL ORGANIZATIONS DURIN,[G CURRENT TIll PERIOD. (IJSUB) 

C 
C SNEHBR (I) CUMULATIVE SUM OF INFLUENCE EFFECTS ON INDIVIDUAL I 

C FROM HIS INTERACTION WITH ADOPTERS AND NONADOPTERS IN 

C PAIRWISE MEETINGS (AS DEIERMINED BY INDIVIDUAL*S LIST OF 

C SOCIOMETRIC DYADS). (NSUB) 
C 
C SOCINF (IJ) CALCULATED RELATIVE SOCIOMETRIC INFLUENCE ON INDIVIDUAL 

C i FROM INDIVIDUAL J (ONE OF I*S DISCUSSION PARTNFRS) AS A 

C FUNCTION OF J*S CREDIBILITY AND THE RAW NUMBER OF INTERAC-

C TIONS PER TIME PERIOD RAISED TO TIHE POWER OF CINFLU. (NDYAD) 

C SRADTV (i) CUMUI.ATIVE SUM OF INFLULENCE EFFECIS ON INDIVIDUAl. I FR,OM 

C HIS EXPOSURE TO INNOVATION MESSAGES CARRIED BY IADD !ADl) 

C TELEVISION PROGRAMS UP THROUGH CU[RENTTTIME PERIOD. (NSUB) 
C 
C TADDAT (I) TIME OF INNOVATION ADOPTION FOR INDIVIDUAL I ACCORDING 

C TO REAL-WORLD DATA. (NSUB) 

C 
C TADSIM (I) TIME OF INNOVATION ADOPTION FOR INDIVIDUAL I AS 

C DETERMINED IN THE SIMULATION RUN. (NSUB) 

C 
C TENTCM (I) REAL TIME INDIVIDUAL I ENTERED COMMUNITY. (ISUB) 

C 
C TBEGOP (I) REAL TIME INDIVIDUAL I BEGAN HIS WORK OPERATION. (NSI.I') 

C 
RETURN 
END 



CHAPTFR III
 

THE DIFFUSION SYSTEM: A DAIRY FARMING COM! UWITY 

IN MINAS GERAIS, BRAZIL
 

SINDI 2 was applied to the diffusion of dairy Innovations in a
 

farming community located in the southern part of the state of MinQ.
 

Gerais, Brazil. This chapter describes the community and the pro ss
 

of technological change taking place in its dairy operations. This
 

description provides the "scenariol' for the series of formal simulation
 

runs which are summarized in the next chapter.
 

Field research for this project was conducted while the author
 

worked with the overseas staff of the Brazil Diffusion Project from May
 

to October in 1967. 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 1568,
 

used survey research and multivariate analysts to explore the diffusion
 

of agricultural innovations in Brazil, Nige, ia,and India. This project
 

was sponsored by the United States Agency for International Devcilo.ncnt
 

and was directed by Dr. Everett 14.Rogers of the Departmvc~nt of Communi

cation at Michigan State University. Phase I of the project sought to
 
clarify the factors underlying the relative success or fai lure of
 

programs of directed change at the village level in terms of the charac
teristics and communication strategies of chanp.e agents, the social and
 

communication structures of the villages, anJ the characteristics of
 
Informal leaders in the villages. Phase II concentrated on explaining
 
the variability in innovativeness if individual farmers in developing
 

were desigqcnd
countries. In Phase Il1,controlled field experimcnt , 


to compare the effectiveness of such "treatments" as literacy propiins,
 
leadership clinics for informal leadei s (so-called "animatio" at-rc~i
 

ments), radiophonic discussion gro.,ps, and community iewspapers !n
 

diffusing information about technological innovations.
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used in dusignincg a s iroulit ion modr I, pru\' Idi,,g empI r.cal %alus for 

parameters ir,the simulaztion model, and providing data for v,,i ilt ifig the 

2 
simulation modcl.

Site Sele ion 

The or iginal resc.'cJrch pl an call ud fur 100 i nter views to be 

col lected in each of t,o' .omauni t ic~s one coirriginity 1, ithout an agricul

tural extension agent and the other community with an extension agent. 

The two communities were to be selocted witl additional desiderata 

in mind: 

I. The communitics should be located in the food-;hed of some 

mlletropolitan center and at a distance ";i-ithc.r too cloir nor too far.'
 

2. The communities should have well-defined social boundaries:. A 

comMunity is defined a; a .'oup of irii d,. ,ho int,",act.. more 

frequently among themselves than with people outside the communil:y. 

The existence of well-defined social boundaries would help to minimize
 

boundary effects caused 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 communities should be commercial farmers
 

participating in a market economy and not subsistent peasant farnirs.
 

5. At least three 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 PIetii(e 2.8 data collection because 
It occurred between the Pliasc 2.5 and the Phase III survcys which were 
conducted by the staff oi tie Bra'il Diffusion Project. The Phase 2.5 
survey was condu cted to provide "benchmark' data for Phase III. 
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a large percentage of tile farmers. (The author also had hopes of locatinq
 

communities in which readily accessible records were 
kept by a local
 

farm store or the extension agent as to the exact time that the farme-rs
 

adopled the innovations. However, these hopes were not realized.)
 

6. The communities 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 select the comMunity with an extension agent, a preliminary 

analysis of the Phase II data was used. During Phase II of the
 

Diffusion Project, the staff had conducted 1307 interviuws in 20 

comrllunlties in July, 1966, one year prior to the Phase 2.8 data
 

collection. The Associa :Io de Cr'dito e Asistenct, Rural 
(ACAR)l
 

a semi-autonomous 
state extension service, hod agents v.,orking in ,1] 

20 communities. On the basis of the desiderata outlined auove, the 

community of Abelhas in the township of Tr~s Corac"es was selected,
 

For the Phase 2.8 community without an agricultural extension agent, the
 

nearby township of Concei 'o 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. 
 In
 

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
 

3The names of the two townships are pronounced as tras koro'
sol ns and konsasau n dusheu verje (following the pronunciationsymbols as used in Webster's Third New International Dictionary.). 
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agricultural enterprises in the region were coffve and dvihy farwin:. 

The decision was made to focus the rcsearch on the diffusion of dair' 

Innovations bucause therc seemed to he more such innovaLion diffusinu. 

The Phase 2.8 questionnaire was wri t.ten durii.g 1ate Junp and eurV1y, 

July, 1967. Approximately two-tilirds,of tt? questions used wu er drown 

from questionnaires used in Phases I, II and 2.5 vnd from Ih- questionn-ir 

used by Fonseca (1966), The remaining questions were design,.d uspecially 

for the purposes of simulation, most of these being questions concernin4 

frequencies of exposure to various sources of inov,tion inforrntion. 

A pretest v:rsion of the Phamse 2 8 quest ioon.i re wasi aipist,:rcd
 

to two dairy farmers by an agronomy stud.nt from the agr ic.,li ,r. 

school In Lavras. The author was pre-ent during both inLervic.. and 

despite his limited knowlledge of Portquese was cosily able to spot tl,

rough places in the pretcst version. Bas'ced on th is :.moi t Wey Wocli'CV 

pretest, the final version of the Phase 2.8 simulation questionnaire
 

was prepared.
 

Two teams of interviewers, each team consisting of a supervisor
 

and four interviewers, conducted the interviewing in the tw.o communi ies
 

during the last week of July. Each team had already gained three weeks
 

of interviewing experience with the Phase 2.5 questionnairc; sr;n of
 

the Interviewers had participated in the data collection for Pl,,es I 

and II as well. The interviewers were men and women 0'".,,LS from the 

Federal University of Minas ierals Ir Llo Horizonte. 

A total rf )01 1,rs.iviews was obtained In Conceilo as planned, but 

for e "-,lety of reasons only 47 interviews were obtained in Tres 

Coraq"es. Four Interviews from Conceijo were dropped leaving a total ..
 

97. One interview with a female respondent was droppcd because the
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respondent was an administrator for two farms from which intervicws
 

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

at the timn2 of the interview the respondents did not yt own any cows. 

Of the 97 remaining interviews from Conce&01a, 3 werc with adminintrators 

of the dairy farms in situations where it was not possible to Interview
 

the owner--usually because he lived elsewc:re most of the time. In
 

Trs Cora 'esone Interview was dropped because the rcspondent did not
 

yet own any dairy cows; thus, an N of 46 was left.
 

During August the data from the questionnaires were coded a;d
 

punched onto IBM cards which were shipped back to Mich!gan State
 

Univursity for latcr analysis.
 

In September the author returned to the research site in order to
 

obtain more background information on the diffusion process. An effrt
 

was also maade to secure tape-record-ed "decis ion protocol s" --depth
 

nterviews 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
 

questionnaires alone.
 

Selection 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 dairy farmers in Conceico do Rio Verde. The decision to limit the
 

For a discussion of the tape-recordvd Interviews as a field
 

technique, see bucher, Fritz: and Quarartelli (1956). An example of its
 

application to the 3tudy of consumer product decision-making is found
 
in Cox (1967).
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app]i cution of the s imul at ion model to thi s communi ty was imi'de for two 

reasons. First, a complete census of th: dairy farmers I ivi:g in the 

communities ir, the township oF "rrs CorrcI -es had not been obtained during 

the field interviewing. A nearly complete census was fe!lt to be 

necessary in order to simulate the sociometric interaction within the 

community. Past diffusion research has shown that socioaietric inter&ction 

is an Important channel for the communication of innovation information. 

Thus Concel '5owas chosen because a higher percentage of the dairy
 

farmers had been interviewed. Second, it was felt that a reasonblIe 

first objective of the modeling effort would be to develol) 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 strategcies th,'t an 

extension agent might use while working in a community. Thus Concei'a'o, 

the community without a formal extension agent at work, represented the 

simpler diffusion system to model.
 

Th(.refore, for the remainder of this report, Concei So will be
 

considered the "simulaticn" community. However, in order to provide
 

a perspective on how this community compares with other farming cofmunities 

In Minas Gerais, the 97 dairy farmers interviewed in Conceicao will be 

compared with the 46 dairy farmers Interviewed in Tres Cora ~Oes during 

Phase 2.85 and with the 816 dairy farmers and the L,91 nondairy farmers 

Interviewed in the 20 Phase II communities. 

5Sixty-one farmers had been Interviewed in Trts Coraqoes during 
Phase I i;of the 146 farmers who were interviewed in Phase 2.8, 31 had 
already been interviewed in Phase II. 
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General Community [chscription
 

Concel "Zo do Rio Verde (population appruxiit,._ly 9,00UJ) is located 

toward (he center of the triangle forrced by S',io Piiulo to thte !:thwest, 

Rio de Janeiro to the soulthcast, and Belo Horizontc, the state capital of 

Minas Gerais, to the north-nortlcast (see Figur, 3.1). The aspihal t 

roads connecting the three majcr c.ities had been constructed during the 

late 1950's and early 1960's. Conceiv'o lies on an asphalt crossliik, 

completed in 1966, one year prior to data collection, between the lc.lo 

Ilori;:onte-Sao Paulo highway and the Rio-S'.o-PauIo hiclgho:y. The region 

surrounding Conceicao compri ses probably the richest agricultural req ion 

in the statc of Minas Gerais. Although Concei ',odid ;,,t yet ho-ve 

any formal extension agencies at work, the dairy farmers living in)this 

region were considered to be quite progre.-ive. The dairy farmers who
 

r.sredia churneIs
were interviewed reported relatively high exposure to 


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 the sixth grade, and 7 percent
 

At the time of the interreported at least some university education. 


view the old farm cooperative had been disbanded 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 Slo Paulo. The cooperative was
 

planning to distribute Its milk and milk products in either Belo
 

the current
Horizonte, Rio de Janeiro, or Sao Paulo, depending on 


prices. At the time of interviewing about 150 commercial dairy farmers
 

were estimated to be living in the township. The 101 Interviews were
 

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

In comparison, Tres Corales (population approximately 30,000) at
 

the time of the research had several formal organizations which werc
 

improved dairy practices. The
active.ly promoting the aduption of 


Nestle Corporation built one of its milk processing plants in,Tr s
 

In addition to providing a greatly increased
CoracO&s in aboutL 1956. 


plant has an extension department which has been
demand for milk, the 


ACAR, the rural extension agency of Minas
 an active change agent. 


6
 an
in TrLs Cora' es in about 1952 and has had
Gerais, opened an office 


since the late 1950's.
activc information program on dairy innovations 

the state department ofThe federal deparlme.nt of agriculture and 

agents testing for and vaccinating against.
agriculture have had 


common cattle diseases. Early in 1967 the federal department of
 

office in Trs Corac'U*es to introduce the practice
agriculture opened an 


of artificial insemination.
 

At the time of the research there were estimated to be about 400
 

commercial dairy farmers living in the township. The research plan had
 

called for interviews with about 100 dairy farmers living In the
 

the township
communities of Abelhas and Boa Esperanca lying north of 


center. Time permitted only 47 interviews. In the rest of this report
 

we will refer Lo the farmers as living in the township of Tres Cora Zoes
 

6rather thar, using the community names.
 

The distinction between the Brazilian words municipio and
 

The municpio is the smallest recognized
comunidade should be clarified. 


political unit in Flra7il. -Eachmunicipio has a locally elected prefeito
 
or mayor. Thus, the word municipio seems best translated into English
 

as "township." The cornfunidldi-e refers to a smaller geographical
 
This report simply
locality or neighborhood within the municpio• 


translates comun CIide as conimunity. 0 .hcr reports of the Brazil
 

http:deparlme.nt
http:active.ly
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Figure 3.2 14@p of Concelf'o do Rio Verde and Tres Cora 6es 
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As shown in Figure 3.3 both Conceiao do Rio Verde and Tres Cora '!es 

ranked high on an economic development scale constructed by Stanfield 

(1968) for the Phase II communities. Stanfield constructed his 

community economic development scale 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 ineach 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 variable. Examples were percent
 

In a principalwith motor vehicle, mean income, and median farnm size. 


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.
 

Stanfield concluded that the unweighted average of the four variables
 

a
which loaded most highly on the principal axis could be taken as 


fairly good measure of the community's relative economic development.
 

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

term "county" as a translation of the
Diffusion Project havc used the 

word municipio. However, since counties in the United States are often
 

into the smaller political units of townships, this transbroken down 

lation seemed inappropriate. The various regions of the state of
 

Minas Gerais are more closely equivalent to the concept of countles in
 

the United States. For example, both Concei'ao and Trls C.,rartes are
 

in the region known as Sul de Minas. In this report we shall
located 

use the word community in two slightly different ways. One use will
 

refer to Lhe direct translation of the word comunidade from the
 

refer to a grouping of individuals
Portuguese; the other use will 

who live in the same geographical area end interact more frequently
 

coMmurwith individuals withir the community than outside the ity. Thus 
also refer to the dairy farmers living in thein this sense we shall 

township of Conc.eicao as a "cori-nunity." It should be noted that the
 

data collected in Phase II of the Brazil Diffusion Project was based
 

on the Portuguese meani ng 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). 

0 Phase II data, July, 1966
 
o Phase 2.8 data, July, 1967 

00 
0 0 0 

0 0 
0 0 

Tr 'sCoracles 
0 0 

0 00 
0 0 0 0 0 0 

.Conceicao do 
/Rio Verde 
0 

0 

0 20 Ito 60 80 100 

Community economic development index, average percent 

Figure 3.3 Economic developrment 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 Conceijao 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 'o as compared 

with the dairy farmers inTr s Cora &es and with dairy farmers and 

nondairy farmers from the Phase II sample. Thus the typical farmer 

in Concei'o 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 ismost important for the diffusion of
 

innovations through the community Is that about 7 percent of the 
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Figure 3.4~ Mineiran farmers and farmstead.
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TABLE 3.1 	 Demographic and Economic Charactcristics of Farmers in
 
Conceisgo do Rio Verde, Tras Corac&es and Other Communities
 
InMinas Gerais
 

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

Conceig-Elo do Tr~s Phase II Phase II 
Rio Verde Coracres w/ Cows w/o Cows

Charezteristic 	 N N 16 N 816 N = 491 

Age
 
Mean (years) 46 47 45 43
 

Length of residence
 
in community
 

Mean (years) 27 25 (NA) (NA)

Standard devi

ation (years) .... 	 18 16 (NA) (0A) 

Length of time as a
 
dairy farmer 

Mean (years) 20 18 (NA) (NA) 
Standard devi

ation (years) . . .. 	 11 14 (NA) (NA) 

Family Size
 
Mean (number 

of members) 	 6 6 (NA) (NA)
 

Educat ion 
Mean (years) .... . 6.6 4.3 ,.2 0.9 

None 1 4 12 28a 
Primary (1-3) 1 39 87 71 
Primary (4-3) 40 35 1 l 
Secondary '6-9) 33 13 * -
High (10-12) 8 7 - -
University .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
 
Janeiro or Siro Paulo 42 26 42
6 1b 
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TABLE 3.1--Contlnued
 

ConceiYo do Tr6s Phase II Phase II
 

Rio Verde Cora96es w/ Cows w/o Co.-Is
 
N = 97 N = 46 N = 816 N.= 491Characteristics 


Land ojwneI
 
21
Mealn (hectares) .... 164 190 98 

Medirn (hect.res) . . 120 100 48 5 

Loans for' dairy fairming
 
operation (on( or
 
more during last
 
five years)
 

c

Any source. .... 34 50 60 25
 

33d 18d
30 
. .. 25
Bank .. . .. 6
 - 5 27d 
ACAR13 d

4 6Friend 


Income
 
Median (gross in US$) $1300 $700 $350
.$2200 


9 17 53
 

Ovcr US$3500 37 17 7 1
 
Less than US$350 . . 8 

Level of Living
 
Wood or tile floors 98 96 79 49
 
Water piped into house 89 78 53 19
 

Toilet in house . . . 59
88 42 13
 

Water filter .... 87 76 74 38
 

Radio ........ 87 98 78 36
 
78 24
Agricultural machines 86 66 

Electricity . .. . . 78 61 41 14 

House in town 69 44 27 15 

Motorized vehicle . 67 33 21 5 

Television set . . 46 20 6 2 

NA Not available. * Less than 0.5 percent. - Represents zero. 

aThese distributions for years of education for the Phase II communities seem
 

seem suspiciously low. In Phase 2.5, during which 317 of the Phase II
 

respondents were reinterviewed, 14 percent reported attending school
 

4 or 5 years, and 3.11 percent reported attending school 6 or more years.
 

bCity of over 40,000.
 

CEver received a loan for farm.
 

dSource to which request for most recent loan was made.
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farmers have had some university education and 5"percent have attended
 

an agricultural school. The literacy rate is high--89 percent. The 

far:ers can be considered relatively cosmopolitan in view of the 

fact that 112 percent had visited Sa'o Paulo, Belo Horizonte, or Rio
 

de Janeiro during the previous year. The typical farmer (mcdian)
 

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 Concei~ao
 

dairy farmers came out to be US$2200, a little less than double that
 

for the dairy farmers InTrbs CoraO'es. Inspection of the levl-of

living variables inConcl&,Z.; 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 the interior of Brazil, and 26 percent 

reported owning a television set. 
 The general conclusion after
 

reviewing this table is that the dairy farmers In Concel^o are a 

relatively prosperous group of individuals. Similarly the data in
 

Table 3.2 
Indicate that the farmers in Conceis'o have made a somewhat
 

greater shift from animal power to mechanized power for their farm
 

vehicles than have the farmers inTr6s CoraiZes. The data inTable
 

3.3 indicate that the farms in Conceli'o were somewhat more advanced 

In their adoption of stable improvements than were the farmers in
 

Tres Cora'des. Unfortunately, data on 
farm vehicle ownership
 

(except for data InTable 3.1) 
and on stable Improvements were not
 

available for the Phase IIcommunities, 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 Concei'o d6 Rio Verde 
and Trs Cora0es 

Percent owning at least one vehicle. 

Concei ao do Trls 
Rio Verde Cora'es 

Vehicle N = 97 N 116 

Horse cart . ... . . 22 15
 
Ox cart ..... ... 17 61 
Pick-up truck . ... 30 l1 
Truck (full-size) . ... 22 
Tractor . . . . . . . . . 24 11 
Car ... ........... ... 33 20 

- Represents zero. 

TABLE 3.3 Stable Improvements in Concei ao do Rio Verde and
 
Tres Cora Ues 

Percent of dairy farms having improvement.
 

Conceicao do Tres
 
Rio 'Verde Corao-es
 

Stable improvement N = 97 N 46
 

Calf pen . . . . . . . . . . . 88 59 
Covered corral ........ 87 72 
Feed trough in corral ..... 81 91 
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 . . . . . . . . . . . . 33 11 

Table 3.4 contains Important summary data on dairy herd size and
 

milt nroduction on dairy farms in Conceic 'o,Tre's Coraroes, and the
 

PhasL i communities. The dairy cows in ConceIo were about 5
 

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

average cow than were the cows In Tr~s CoraqEes and approximately 57
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percent more productive than were the dairy cow, in the Phase II commun

ities. Figure 3.5 is a plot of Lorenz curves which show the degree 

of concentration of dairy cow ownership in Conccl ao do Rio Verde
 

and Tres Coraoes. As can be seen from the two curves, ownership of 

dairy cattle ismore evenly distributed InConceic-5 do Rio Verde
 

than inTr^Cs Corao'es.
 

Technological Change in Dairy Farming: The Innovations
 

In addition to the normal problems of dairy farming, dairy
 

farming in the tropical regions has its 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 milking, 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 detailed technical
 

discussion of dairy farming, nevertheless it is useful to review the
 

characteristics of the various practices that are currently diffusing
 

among the dairy 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 Iscurrently receiving much
 

emphasis from dairy farmers as a way to increase milk production. Many
 

of the cattle In this section of the country are the "common" variety
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Figure 3.5 L.orenz curves showing concentration of dairy 
cow ownership in Conceicao do Rio Verde and Tres Coracoes.
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TABLE 3.4 Dairy Herd Size and Milk Producl.ion in Concelcao do Rio Verde, 
Tr~s Cora~o's, and Othei Communitics in Min;,s Geralsa 

Concecci do Tr.s Phase II
 
Rio Verde Coracsaes communl ti i
 

Item 1i 97 N 46 N
 

Dalry cows per farm 
Mean . ......... .42 35 (NA)
 
Median .. ........ 40 20 (NA)
 

Dairy cows in lactation
 
per farm
 

Mean . ........... 29 23 ll1
 
Median .. .......... 27 15 9
 

Percent of year avecage cow 
Is in lactation . . . . 67 63 58 

Average liters of milk per 
cow per year ...... 1240 1180 7 9 0 f 

Daily milk production per 
farm during wet season
 
(liters per farm per day) 

Mean . . . . . ..... .. 151 132 51
 
Median . .......... 120 60 30
 

Daily milk production per 
farm during dry season 
(liters per farm per day) c 

Mean . ........... 134 94 35
 
Median .... ... .......... DO 45 20
 

NA Not available.
 

aFor purposes of comparison the following data are ;ncluded 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: 
I liter equals 1.057 liquid quarts and I quart ecLals 2.1 pount!. of 
milk. (Personal communication with Dr. Peter Spike, Dcpartmert of 
Dairy, Michigan State University, November, 1968.) The average milk 
production figures per head for the entire dLiry 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 19641. (Calculated
 
from data appearing in U. S. Bureau of the Census, Pocket Data Book, 
USA 1967, December, 1966, p. 227.) 

bOther tables in this chapter give an N of 816 for the number of dhiry 

farmers in the Phase I sample. The N of 787 reported in this table 
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TABLE 3.4--Continued
 

excludes 29 farmers who gave ambiguous or Inconsistent answers to four
 

questions deal ing wi tl herd size. 

CBased on an N of 780 	which excludes 7 farmers who owned more than 99 

cows but who were coded as owning ,,99. 

d Calculated as the avcrage number of dairy cows in lactation per farm 
per farm. Since thedivided by the average total numbc, of dairy cows 

data on the average numb',r of total cows were not available for the 
above wasPhase II cominunities, 	 the figure of 58 percent entered 

from Hattoso (1966, p. 4). He reported that cowscalculated using data 
In lactation comprised 27.1 percent of the totz1 dairy herd (which 

Included Li , calves, etc.) in the millkshcd of Belo Horizonte and 

that cows not in lactation comprised 19.8 percent of the dairy herd. 

ecalculated as the average daily millk production per farm (the average 

of the wet and dry season production figure) divided by the average 

total numbeh of cows per farm and multiplied by 365 Jays. 

f Mattoso (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 mi1kshcd of S7_10 Pa lo and Rio de Janciro were reported as 866 
1171 liters per cow per year respectively.liters per cow per year and 


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 Brazilian 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 more 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 dairy 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 agriculture opened i-n 

artificial insemination center inTres CoraSes for the purpose of 

introducing the practice and providing the necessary supplies and 

technical assistance to the farmers of the region. The author under

estimated the importance of better breeding pracLices and thus neglected 

to Include any questions about them in the Phase 2.8 questionnaire. 

General care
 

Improved practices are being introduced in the area of gencral animal
 

care, pest control, and inoculation against cattle diseases. The
 

Phase 2.8 questionnaire asked about nine different practices that
 

might be categorized under general care: malntcnancc of Milk p-roductiun
 

records, two milkings per day, vaccination against hoof and mouth
 

disease, umbilical cord treatment fur calves at birth, vaccilnat~en
 

against brucellosis, vaccination of calves against "yearling sickness,"
 

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

Feeding
 

Some of the main efforts which are directed at increasing the levels
 

of milk 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. 14inera! salts provide the
 

dairy cows with the necessary nutrients which may be missing from
 

naturally grown feed. Commercially prepared feed concentrates are a
 

relativeily expensive way to provide a complete aairy food ration.
 

The remainder of this section will discuss in greater detail the use of
 

silos and forage grass plots. For reasons to be explained later,
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SINDI 2 was applied to simulating the diffusion of silos and forage grass 

plots among the dairy farmers living in Concci go. 

Dalry farmers in this regioni have long been faced with the problem 

of the dry season. As shown in Figure 3.6, this region has two 

1100 

300 -


Rainfall mm. 200 

100 

0 

I F M A M J J AS 0 N D 

Month 

Figu re 3.6 Average monthly precipitation. This figUre is based on a 
ten year average for Cambuqui ra, a township adjacent 1:o both Trs Coracoes 
and Conceicao do Rio Verde. The average annual rainfall totaled to 
1625 mm. (Mundim, 1966, p. 2). 

distinct seasons, a wet season and a dry season. During the dry season 

the pastures 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
 



Figure 3.7 Three Approaches to Providing
 
Feed During the Dry Scsc:n
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Source: Ilunes and Maichado (1965, 
pp. 	)9-21)
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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 capital Investment great enough for constructing silos of
 

sufficient capacity to provide feed for the entire six-month dry 
season.
 

In 5pite of the danger of frost, some farmers prefer relying solely on
 

a forage grass plot bcQause they do not want to make the additional
 

capital 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 im 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 capital 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 ...... 6 32 160 
Ple .Ing with hoe ...... 60 60 60 

Total ........... ... . 66 92 240 

Source: Adapted from Nunes and Machado (1965, p. 2).
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Figure 3.8 Types of silos.
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a silo, he also incur.' capital and labor
When a farmer adoptf 


Four different types of silos requiring varying amounts of
 costs. 


in Figure 3.8: the unimproved trench
capital Investment are shown 


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 inConceis 'owere using the cistern 
silo
 

although a few farmers with larger herds were using the hillside silo.
 

using the trench silo although many
Most adopters inTr~s Cora 'oeswere 


of them had switched to the cistern silo because they found that there
 

were fewer problems of spoilage. InTres Corazires there appear to have
 

The first wave consisted
been two waves in the diffusion of silos. 


investment.
of the unimproved silo which required a very low capital 


Most farmers did not consider the unimproved trench silo as a trial
 

Rather, at the time of adoption,
before adopting an improved version. 


they considered that they could be using the unimproved version for
 

Then once the farmers had adopted the practice
the foreseeable future. 


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
 

install but gave better results.
7
 

cistern silo, which was more costly to 


Improved silo (as shown
The capital investment required to build an 


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-

However, during the
stratlon at the agricultural fair in Tres Coraces. 


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.
 
active display at the fair.
Therefore, he did not make the trench silo an 
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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 .......... 120
 
Transporting a distance of 100 meters
 

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

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

feeding trough . .............. ................. 50
 

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

Thus, the ACAR agent would be considered a 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

ization to the client farmers. In general, we will use the terms
 

"source" and "channel" somewhat interchangeably.
 

The farmers in ConceibO cited a wide variety of different sources
 

ane channels carrying information about the various 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 II
 

interviewing that they usually received agricultural news from various
 

sources are summarized inTable 3.8.
 

A brief 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
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TABLE 3.7 General Information Sources Cited by Farmers in Conceir'o do
Rio Verde and Trts Cora 6es for Four Dairy Innovations 

In percent of farmers citing general source. 

Forage
 
grass MlineraI Tick
 

Silo plot salts spray
 
General source CRV TC CRV TC CRV 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 41 62 48 54 35 63 34 
Agricultural magazines 49 33 57 41 52 33 46 37 
Newspapers . ........... 46 20 45 22 42 20 32 22 
Folders and brochures 44 49 52 54 47 48 39 41 
Radio programs ... ...... 31 22 29 26 34 13 24 24 
Fairs .. .......... . 30 15 41 20 35 7 28 13 
Technical experts a .... 30 28 37 33 27 17 26 20 
Store or cooperative . . . 21 17 8 13 48 48 49 37 
Commercial agent ..... 11 15 9 9 55 26 34 22 
Special meetings ..... 10 20 28 26 10 9 14 17 
Agricultural school . . . 10 7 18 13 10 4 9 4 
ACAR agent . ........... 6 48 6 59 4 44 3 41 
Other .. ... .......... 4 7 3 4 6 - 5 7 
- Represents zero. 
TC Tr9s Coras6'es 

CRV Conceiao do Rio Verde 
(N = 46). 

(N 97). 

aFrom 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 inmost 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 IISample)
 

Inpercent-of farmers citing source. 

Fa rme rs Farmers 
with cows without cows 
N =816 N =491Source - Channel 

. . . . . . . . . .......	 74 j9
 
63 55
 

Radio 

Neighbors ........... ..
 

51 	 25
ACAR bulletin . .. .
 
Agronomist or veterinarian 45 19
 
Magazines .............. 40 19
 

37 	 19
Newspapers ........ ....
 
7 	 3
Television 	 . . . . . . . . .
 

TABLE 3.9 	 Newspaper Reading by Farmers inConceicao do Rio Verde and
 
Trgs Cora o-es
 

Inpercent of farmers reading newspaper.
 

Conceiqao do Tres
 
Rio Verde Co rac -es
 

Frequency of newspaper reading N = 97 N = 46
 

None ..................... ... 20 54
 
1-10 times per month ....... 25 28.
 

11-20 times per month ....... 15
 
21-30 times per month ....... 40 l1
 

the extent to which farmers In Concei-o
newspapers. 	 Table 3.11 Indicates 


and Tr~s Corai&es read agricultural magazines Ingeneral. Table 3.12
 

summarizes the extent of exposure to specific agricultural magazines
 

which were carrying information concerning dairy farming. Tables
 

3.9 to 3.12 Indicate that the farmers In Conceli~aS are considerably
 

more exposed 	to the print media than are the farmers inTr~s Coracles.
 

As Indicated 	inTable 3.1, approximately 90 percent of the respondents
 

reported owning a radio. Fifty-nine percent of the respondents in
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TABLE 3.10 Exposure to the Agricultural Page in tNewsp.ipers of Farmers 
inConcei'o do Rio Verde and Trs Corajoes 

Inpercent of farmers. 

ConceYiao do Trts 
Newspaper 

(City) 
Frequency 
of exposure 

Rio Verde 
N 97 

CoraRo-es 
N 46 

Jornal do Brazil Never ........ 78 94 
(Rio de Janeiro) S'ome issues ..... 2 -

Most issues .... 20 6 

Correio da Manh" Never ........ 80 96 
(Rio de Janeiro) Some issues ..... 10 4 

O-
Most issues .... 


Estado de Sib Paulo Never ........ 78 83 
(SSo Paulo-) Some issues .... 13 13 

Most issues . . . . . 9 4 

Estado de Minas Never ........ 89 85 
TBelo Horizonte) Some issues ..... 9 11 

Most issues 2 4 

Other newspapers 	 Never .6 98 
Some issues ... 4 2 
Most issues .......
 

- Represents zero.
 

TABLE 3.11 	 Agricultural Magazines Read by Farmers in ConceiqEo do
 
Rio Verde and Tr~s Coraj8es
 

Inpercent of farmers.
 

Conceicao do Trs
 
Reading frequency of Rio Verde Corao6-es
 

N = 97 N = 	46agricultural magazines 


Never ............... 27 39
 
Occasionally . . . . . . . . . . . 33 41
 

More or less regularly ........ 40 20
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TABLE 3.12 	 Exposure 
Conceic 'o 

In percent of 	 farmers. 

Magazine 


Revista dos Criadores 

(Sfo Paulo, 1930F-


0 Ruralistab 
ThJuiz de Fora, 1.G., 
1963) 

0 Dirigente Rural 

"--'7( o,
au 


i ncorporat ing 

A Fazenda) 


A Realidade 	 Rural 
(l~ lHorizonte, 

1956) 


Coopercotia 

(SPo Paulo, 1943) 


Sitlos e Fazendas 

(NA) 


Seleqo'es Agricolas 

C(Rio de Janeiro, 

1946) 
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to Agricultural Magazines of Farmers in 
do Rio Verde and Tres Coras'es 

Cbnceiqa'o do 
Rio Verde
Frequency 

N 97
of exposure 


55
Never ....... 
Some issues . . . . 30 
Most issues . . . . 15 

.	 10Subscription 	 . . 

62
Never ....... 

20Some issues 	. . . . 

. . . . 18Most issues 


13
Subscription 	 . . .
 

Never ....... 67 
Some issues . . . .4 
Most Issues . . . . 19 
Subscription . . . 16 

Never ....... 78 

Some issues . . . . 11 


11
Most issues . . . . 

Subscription . . .	 7 

Never ....... 79 

Some Issues . . . . 9 


. .	 12Most Issues .	 . 

Subscription 	 •7 


Never ....... 74 

Some Issues 
 23 


.	 5Most issues . . . 

4 . . .Subscription 


Never ....... 87 
Some issues . . . . 11 

2
Most issues .	 . . 

2
Subscription 	 . .
 

Tr "s 
Cora~o6es
 
N =46
 

61
 
30
 

9 

7 

85
 
9 
6 

4
 

83
 
10
 
7 
4 

83 
13 
4
 

2
 

87
 
11
 
4 

7
 

85 
11
 
4
 

85
 
15
 
-
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TABLE 3.12--Continued
 

In percent of farmers.
 

Concel o do Trcs
 
Frequency Rio Verde Coraes
 

Magazine of exposure N = 97 N 5046
 

Boletim cia ACAR Never 88 61 
(Belo Horizonte, Some issues .... 10 26 
NA) Most issues .... 2 13 

Subscription . . . 3 

Boletim da Nestle Never ....... 90 48 
(S1o Paufo, 1966) Some issues . . . . 8 22 

Most issues . . .. 2 30 

Subscription . . . 1 22 

Other magazines Never . ...... 98 100 
(Boletim do Caropo, Sonic issues . . . . 1 
Corrcio Agro, Most issues . . . . I 
Pecu 3rio dia Acuuau,
PeCL6ns e Quirais Subscription . .Cl, ca,'as e Quintais) . 2 

- Represents zero. NA Not available.
 

aInformation 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.
 

Trs Coracles reported listening 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 program was founded
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same man, Jo6
In 1936 and has been produced since that time by the 


Anatollo Lima, Agricultural Engineer. The producer estimated that the
 

A sample
program on the average receives about 1000 letters a year. 

in Appendix A. The distribution
script from one of the programs is found 


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

in Concelcdo do Rio Verde
TABLE 3.13 Frequency w'ith which Farmers 

Farmeris Houra
-OesListen to tile

and Tris Cora 


Percent of farmers 

Tres
Probability Conceiao do 

Rio Verde CoraqTUcs
of listening
Frequency of 


N - 97 N = 46to a progran
listening 


Never ... ........ 
Rarely ... ... .... 
Several times per month 
One time per week . . 
Several times pcr week 
Most programs . . . 
Daily .... . ....... 

0.00 
0.05 
0.10 
0.20 
0.50 
0.80 
0.95 

....... 

. ...... 

....... 
...... 
..... 
. . . . . . . 

. . .... . 

25 
25 
11 
13 
12 
6 
8 

24 
39 
13 
5 

!3 
2 
4 

Total .. . . . .. . 100 100 

aBroadcast by Radio Irconfidtncia, Belo Horizonte. 

reported that he produced a
The ACAR supervisor in Tres Cora~oes 


weekly fifteen minute radio program which was broadcast by the local
 

station. However, the Phase 2.8 questionnaire 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 Viosa and Lavras had distributed most
 

of these folders. 
 Some of the folders were distributed through sub
projects of the Project on Agricultural Commercialization in Minas Gerais
 

which was started the earlyin 1960's through a joint agreement between 
the state and federal departments of agriculture, the universities at
 
Belo Horizonte and Vikosa, ACAR and USAID. 
 Some folders were also 

distributed by the various commercial 
firms selling products
 

for use by dairy farmers. 
 The ACAR agent in Tres Corad6es 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 wth 
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 3.11, Exposure to the Folder "A Forage Grass Plot Makes the
Difference" to Farmers in Conceliao do Rio Verde and 
Trts Corac*6es
 

In percent of farmers. 

Concel 'o do 
 Tris 
Exposure Rio Verde Cora es

N = 97 N = 46 

Never seen ............ . . . 73 57Has seen ...... ...................
 16
Has read . . ... 15
.... 
 ...... 
 11 
 28
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Technical experts and commercial agents
 

In addition to entering the community via the mass media, information
 

experts and
about agricultural innovations enters via technical 


in the community.commercial agents who have contacts with farmers 

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 Concelt'o, it Is
 

not surprising that the farmers there reported little contact with
 

them. The farmers inConcei5*'o reported approximately the same degree
 

of contact with the technical exports of the state department of
 

agriculture as did the farmers inTrIs Coracoes but somewhat less
 

contact with veterinarians. There were three veterinarians working
 

TABLE 3.15 Frequency of Contact with the ACAR Supervisor of Farmers
 
in Conceic'o do Rio Verde, Tres Coracoes, and Other 
Communities in Minas Gerais
 

Inpercent of farmers in contact with ACAR supervisor. 

Number of Conceiyjo do Tr~s Phase I Phase I 

contacts in Rio Verde Corac 'es w/ cows w/o cows 

past year N = 	97 N 1 46 N = 816 N = 492
 

95 43 28 64
0 ............ ........ 


35 241-5 . . . . . . . . .... ."...- 13 
5 11 12 36-io . . . .... .... .... 

20 12 5
11-20 ....... ....-

13 12 4
20+............... 	 .". 


- Represents zero.
 

A 

In the region surrounding Conceij ao and Tres Coraqbes. Two veterinarians
 

connected with the state department of agriculture had offices in
 

Caxamb6 and Cambuquira but also served Conce1i o and Tre's Cora'Ses
 

respectively. A veterinarian who represented the federally sponsored
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campaign to control hoof and mouth disease, tuberculosis, brucellosis,
 

and rabies maintained an office in Tres Cora'oes. Thus the farmers in
 

Ti'es Coracles 	 had somewhat greater opportunity to Interact with a 

veterinarian than did the farmers in Conceiiao. 

TABLE 3.16 	 Frequency of Contact with Other Technical Experts by 
Farmers in Conceic 'o do Rio Verde and Trcs Cora O-es 

In percent of 	farmers.
 

State dept. 
Veter- of agri- Nestle 

Number of inarian culture Corp. Othera 
contacts in 
past year CRV TC CRV TC CRV TC CPV IC 

O................. 84 67 82 78 97 70 90 91 
1-5 ... ................ 6 26 6 13 3 15 8 5 
6-10 ................ 3 3 4 2 - 7 - 2 

11-20 ............. 
21+. . ..... . .. 

... 
........ 

3 
4 

2 
2 

3 
5 

2 
5 

-
-

4 
,I 

1 2 
-

- Represents zero. CRV Conceiciao do Rio Verde (11= 97). 
TC Tr~s Coracles (N =,46).
aPrivate; 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 Tr 's 

Coraqd'es in 1956. In 1967 Nestle was buying milk from approximately 

2000 producers located in the following townships: Tr6s Corar5es (350), 

Lavras (215), 01iveira (280), Machado and Alfenas (230) ,Bom Sucesso (200), 

Campo Belo (400), andParalsopolis (180). Extension agents from Nestle 

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 Its agents Nestle 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 limited credit. 


36 respondents (78 percent) reported

respondents In Tre.s Coraco6es, 


that they sold their milk to Nestle'. Ilowever only 30 percent of the
 

agent during the
 respondents reported any contact with the Nestl-


previous year. The supervisor at Nestle reported that the agent for
 

producers because
Tres Coraioes had not been able to contact all 


there were so many there.
 

Farmer contact with traveling sales representatives from the major
 

inTable 3.17.
chemical and pharmaceutical companies is summarized 


Frequency of Contact with Commercial Agents by Farmers in
 
TABLE 3.17 


Conceiq'o do Rio Verde and Tr6s Coracc,.>
 

In percent of farmers.	 a
Other
Pfizer Squibb
Sivan

Number of 


in
contacts 

CRV 	 TC CRV *rC CRV TC CRV TC 

past year 


67 92 76 85 85 94 70 83
 .......
0 ............. 

14 20
28 	 6 22 7 4 11
 

- 4
1-5 ...... ............ 

- - 8 4
 .... 4 2
6-I0. 	............. 


2 - 2 1 2 2 2

.l... 1
11-20 ............. 


- 2 - 

20+ .................. - - 

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

TC Tr~s Coraqes (N = 46).
 

aBayer, Sambra, Rhodia, Tortuga, Ertap, Lepetit, Couper, Shell,
 
Most all of these companies including
Micalvita, Provine, I.S.A. 


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

offices in Belo Horizonte.
 

These representatives generally were selling mineral 
salts, grub and
 

Thus, InTable 3.7 It is not
 tick pesticides, vaccines, and medicines. 


surprising that commercial agents were cited much more frequently as
 

sources of Information 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 commercia agents as information sources for silo and forage grass
 

plot.
 

Miscellaneous 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
 

Conceica"o and an average of 18 percent inTres Coracoes mentioned fairs
 

as information sources for the four innovations. The nearest fair for
 

farmers In Conce i c'o was the Caxambut fa ir which had been he 1d annully 

for about 20 years. Trts Corajoes held its first fair in 1966; prior
 

to that, farmers would most frequently attend the fairs in Lavras ur
 

Caxambu. Seventy-two percent of the 46 respondents inTre's Corar'es
 

reported attending the TrAs Corajo'es fair in 1966. Attendance at
 

fairs in Lavras and Caxambu' issummarized inTable 3.18. Figure
 

3.9 indicates various ways inwhich a fair can Influence farmers to
 

adopt improved farming practices.
 

Commercial stores and cooperatives were the sources 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.
 



--7 

Promotion of stable improvements Chemical products for dairy 'arming

by Nestle Corporation
 

Promotion of motorized choppers 
 Awards for quality stock

for feed preparation 

Figure 3.9 Agricultural fairs: influence toward innovation adoption.
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TABLE 3.18 	 Attendance at Agricultural Fairs by Farmers in Conceic'a-o 
do Rio Verde and Tres Coracles 

Inpercent of farmers. Respondents also reported infrequent attendance at 
fairs inAlfenas, Pouso Alegre, Belo lorizonte, Varginha, Cruzeiro, 
S 'oPaulo, Uberaba, Sete Lagoas, and ltajub@. 

Number of times Caxamb'u fair Lavras fair 
attended fair in 
last nine years CRV TC CRV TC 

o ...... ................. 15 72 89 72
 
1-3 ........ ................... 31 15 11 24
 
4-6 ................ 9 4 2
 
7-9 ....... .. ................ 43 9 - 2
 

- Represents zero. CRV Conceica'o do Rio Verde (N m 97). 
TC Trts Cnraoes (i = 46). 

An average of 15 percent of the respondents in Conceic-ao and 18 

percent of the respondents in TrAes Cora-es reported obtaining information 

at special meetings concerning the four different practices. Itwas 

not possible to obtain specific information on the nature of these 

meetings. Sometimes the extension agent would hold small group 

meetings at which lie would demonstrate either how to use a practice 

or the results of a practice. One farmer in Concel alo recalled a 

meeting held in 1959 inCaxambu during which a high official in the 

state department of agriculture discussed new dairy farming practices, 

Approximately 12 percent of the farmers inConceiao and 7 percent
 

of the respondents inTres Cora' es mentioned agricultural schools as
 

sources of information ahout dairy farming practices. Seven percent of
 

the respondents in Concei 'o reported attending an agricultural school
 

Aas students while none so reported inTres Cora .oes. 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 Ti'es Corac'es.
 

Farmer interaction
 

The most frequently cited sources of information about new practices 

were other farmers, as indicated inTable 3.7. In this table sources 

were divided into three 5ategories according to whether they lived in 

the same neighborhood as the respondent, in the same township, or outside 

the township. InConceijab an average of 73 percent of the farmers 

cited other farmers in the same neighborhood as general sources of 

information about the four innovations included inTable 3.7; an 

average of 71 percent of the farmers cited other farmr,: rs In the same 

township; and an average of 61 percentcited farmers outside the township. 

The ftct that there was a relatively high pcrccntage of farmers who 

cited farmers outside the community suggests that Conceicao did not
 

meet the desideratum that the community have well-defined social
 

boundaries with minimal social communication across the boundaries.
 

This situation may have created problems for the simulation since
 

SINDI 2 was not designed to handle interpersonal communication of
 

innovation information across the boundaries of the simulated population.
 

However, as will be seen inTable 3.22 (see pagel06) a much smaller
 

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 "discussion partners." An "opinion leader" Is a member of a
 

community who 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 early adopters in the community,
 

and, by definition, they are above average in the magnitude and domain
 

of their influence. "Discussion partners" are those individuals with
 

whom an individual most frequently discusses matters related to a
 

particular enterprise (e.g. cairy farming). Discussion partners
 

play an important role in an individual's decision-making process
 

simply because he interacts frequently with them and they are ]ikrly
 

to be an important reference group to him.
 

The Phase 2.8 questionnaire contained two questions designud 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 suggesLs
 

that they should have been asked in reverse order. When 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 I 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?
 

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

man in all of whose opiniii ons you have conf idence, that is to say, 
If he gives you ten pieces of advice about dairy cattle you would
 

follow all. At the bottom of the ladder is a man in whose 
(meddlesome) sUggestions you have no confidence, that is to say, 

If he gives you ten pieces of advice about dairy cattle, you would 
follow none. On rung five is a man w.hose advice about dairy 

cattle you ..ould fol low more or les half of the time. Now,
 
please locate on the different rungs of the ladder the names
 
which 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 Conceicao 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-partrners 

(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 credibility rating.
 

The 46 respondents in Tr"es Coraoes 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 FrequenI of Discussion with Sociometric
 
Choice Types in Conceicao do Rio Verde
 

In percent of 	citations.
 

Sociometric choice type
 
(Citations by 97 farmers)
 

Opinion-
Frequency of leader/ 
discussion with Opinion discussion- Discussion 
sociometric choice leaders partners partners 
type N = 189 N = 143 N = 140 

More than 2-3 	times per month. 14 46 65 

2-3 times per 	month or less . • . 86 514 35 

Total ................. 100 	 100
.I.O.. 	 100 


2 = 93.7; p< 0.001.
 

TABLE 3.20 	 Median Test for Ciedibility Ratings of Sociomctric Choice
 
Types in Conceicao 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 

9 or less .................. 65 	 51 71
 

Total .... ............... 100 100 	 100
 

A2= 13.1; p<O.OOl 

70 opinion leaders (33 percent), 79 opinion-leaders discussion-partners
 

(37 percent), 	and 63 discussion partners (30 percent). Seventy-five
 

percent of the choices resided in the same neighborhood 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 soclometric types for Tres CorahCles are similar to those
 

for- ConceYo as reported in Tables 3.19 and 3.20.
 

Innovation Decision-makina 

Rural sociologists have divided the innovation decision-making 

process into five stages: awareness, interest, evaluation, trial, and 

adoption.9 Mason (1964) has criticized this conceptualization as being 

too rigid. In his research he found cases in which there was no trial
 

stage, cases inwhich the process of evaluation began at first awareness,
 

and cases inwhich information seeking (part of the interest stage) also
 

occurred throughout the decision-making process -- even aftcr 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 d78 ision
 
and/or by "proselytizing" others to adopt the innovation.
 

The Phase 2.8 questionnaire included several questions designed 
to
 

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

10For a fuller discussion of dissonance reducing behaviors 
see
 
Festlnger (1957).
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obtain data on the communication channel: from which respondents received 

information during :he decision-making about the four practices. 'Fable 

3.21 summarizes the percentages of farmers citing different sources
 

TABLE 3.21 	 First Source of Information for Four Dairy Innovations as 
Cited by Farmers in Conceic3"o do Rio Verde and Tres Cora ,es

"I 

In percent of 	 farmers citincg first source. 

Forage 
grass Mineral Tick 

Silo plot salt spray 

General source 	 CRV TC CRV TC CRV TC CRV TC
 

Farmers in same neighborhood 29 36 15 30 12 29 35 39 

Farmers in same township 29 9 18 7 9 9 22 9 

Farmers outside township 20 9 30 7 5 If 11 9 

Magazine article or ad. I - 2 2 1 2 1 -

Newspaper article or ad... 1 - 2 - I - - -

Folders and brochures . . 2 7 2 5 2 4 - -

Radio programs .......... - - 2 - 2 - I 

Fairs . . . . . . . . . . - - 2 - 1 - - -

aTechnical experts. . . . . .3 11 3 28 4 2 - 2 

Store or cooperative .... - - - - 4 11 4 9 

Commercial agent ...... ... - - - - 35 13 1 2 

Special meetings ....... 1 4 3 2 - - - -

Agricultural school . . . 7 - 8 - 2 - 2 -

ACAR agent .............. - 18 - 15 - 13 - 9 

Father's farm ....... . 1 2 2 2 8 2 10 2 

Other .. ........... ... 2 2 3 - 2 - 1 2 

Doesn't know .......... ... 4 2 8 2 12 11 12 15 

- Represents zero. CRV Concei 'odo Rio Verde (N = 97).
 

TC Tres Coracles (N = 46).
 

aFrom organizations other than ACAR.
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TABLE 3.22 	 Most Influential Sourcc for Four Dairy Innovations as Cited
 
by Fermers in Concei3'o do Rio Verde and Tr~s Cora o-es
 

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 a 62 28 67 36 78 33 74 31 

Farmers in same neighborhood 44 43 28 42 18 21 39 42 

Farmers in same township . 28 11 26 11 15 12 24 10 

Farmers outside township . 8 3 22 3 3 - 11 6 

Magazine article or ad. 6 - 4 - 5 3 1 -

Newspaper article or ad. .. - - I - - - I -

Folders and brochures . . - 6 - - 1 6 - 3 

Radio programs .......... - - I - - - - -

Fairs .. ............... 3 - - - I - I -
b,Technical experts 3 15 3 22 8 3 3 

Store or cooperative . . . - - - - 4 6 3 10 

Commercial agent ...... - - - 33 21 3 -

Special meetings ... ...... 2 - 3 - - - -

Agricultural school .... 6 - 6 - 3 - 3 -

ACAR agent ............... - 18 1 19 - 21 - 22 

Father's farm .......... - 3 3 3 8 6 11 3 

Other .... ...........l.. - 1 - 1 - 3 -

- Represents zero. CRV Conceic o do Rio Verde (N 97). 
TC Trts Corac&es (N = 46). 

aNumber 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
 

source
shows the percentage of adopters who named each 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
 

important sources of information and
3.22. 	Extension agents were 


in this case Trts
influence in the community in which they worked, 


sources in both
Coraces. Farmers themselves, while important 


communities, played a more important role in Conceiq'aoo because of the
 

absence of formal extension agents.
 

sources of information,
In addition to being asked about general 


to name specific sources of information
the respondents were asked 


(e.g. 	the name of another farmer, a particular magazine or newspaper,
 

or a particular agricultural fair.) The
 a particular extension agent, 


sources were compared with the specific most influential
specific first 


sources. In h2 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 data which has been presented above on the various sources
 

very much about the
of information and influence does not reveal 


process of innovation decision-making. During the field observation
 

an attempt was made to obtain "decision-protocols" by tape recording
 

The results were not totally successful
loosely structured interviews. 


because there was not enough time to perfect the technique. Nevertheless
 

some factors
the few "decision-protocols" which were obtained did reveal 


which the farmers felt were important In their decisions to adopt
 

In the formal
certain of the practices but which did not come out 
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in most cases the factors which caused delay
questionnaires. However, 


were not made explicit. More 
from first knowledge to final adoption 

for obtaining decision protocols is
experimentation , ith techniques 

for a typical dairy farner in
 needed. An abridged decision protocol 


Concei< ao is found in Appendix B. 

Innovation AdoptionDiffusion System Output: 

and Changes in Productivity 

have discussed the characteristics and structureIn this chapter we 

of Concei'lo do Rio Verde as a diffusion system. Concei ]ao has also 

formal
been compared with Tres Coraqes, a diffusion system in which 

extension agents played important roles in the diffusion process. In
 

the output of thesections we 

diffusion system viewed as a communication system and the output of the 

the following two shall consider 

as an economic system.
diffusion system viewed 


Communication syStem output:
 
innovation adoption
 

The output of a diffusion system viewed as a communication system
 

in the system
can be measured in terms of the adoption levels reached 


The adoption levels reached in Conceic'o
for the various innovations. 


and Tr~s Corapoes 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 'I communities. Comparison of the adoption
 

indicates
levels for innovations common to both Tables 3.23 and 3.24 


that ConceI-o had achieved higher adoption levels for various dairy
 

IIInnovations than had the average Phase cormnunity.
 

for the 59 farmers
The adoption levels found in Tres Cora'bes 
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TABLE 3.23 	 Dairy Innovation Adoption !n Conceiqao do Rio Verde and 
Tris Cora'es 

The figures represent percent of farmers who were regularly using the
 

dairy practice in 1967, except as indicated. 

Concei 'o do "e 
Rio Verde Coraoes 

Dairy innovation N 97 N ' 46 

Grub control . . . . . . . . . . . 100 91 

Vaccination against
"yearling disease" ...... 	 95 100 

Tick spray . ............ 81 71 
(Aware) ............. (96) (93) 
(Discontinued) (2) (-) 

72
Feed rations 	 . . . . . . . . . . . 76 


Vaccination against 
hoof and mouth disease .... 71 76 

Forage grass plot 74 81 
(Aware)............... .(94) (98) 
(Discontinued) . . . . . . . . . I) ( 2) 

Mineral salts 	. . . . . . . . . . 72 65 
(Aware) .............. .. (95) (96) 
(Discontinued) . . . . . . . . . (14) ( 9) 

Silo ... ............. 	 65 50
....
 
(Aware) ............... ... (99) (98) 
(Discontinued) .. -) (2) 

Umbilical cord treatment at birth . 59 48 

Two milkings per day ...... 57 30 

Worm control ........... 54 57 

Vaccination against brucellosis . . 25 30 

Records of milk production . ... 12 11 

- Represents zero. 

interviewed in 1966 during Phase IImay also be compared with the adoption
 

levels found for the 46 farmers Interviewed inPhase 2.8 in 1967.
 

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

In Phase II. 	The adoption levels found inthe Phase 2.8 data are
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in 20 Communities in Minas 	Gerais (Phase II Data)
TABLE 3.24 Diffusion of 	Dairy Farming Practices 
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5 1 5 16 1113 11 16 12 13 13 10 7 ii 6 8 3Average herd size... 21 	 14 13 

Percent of dairy farmers using innovation in July, 1966

DAIRY INNOVATIO'S 


41 58 13 11 16 31 52 4768 59 76 87 37 25 63 54 33 57 58Forage grass plot. .	 40 33 68 26 26 41 53 65 78
Mineral salts .. . . 48 	 46 56 26 58 67 0 69 89 26 


59 53 3 82 42 66 46 -035 42 68 9 15 27 59 13 55
 
Vaccination... . . . . 74 


3 5 4
Silo ......... 10 48 2 87 2 14 44 8 


. 65 29 18 29 70 15 57 67 22 35 17 7 18 33

Worm medicine . .
 

46 67 40 15 6 O1 14 39

Purebred bull . . .	 70 38 56 20 69 

60 	 48 26 15 19
 
Umbilical cord treat. 39 	 31 55 25 

9 22 	 
29 60 - 66 21 28 


. 12 84 2Grub/tick control 

243523 	 14
Forage chopper w/motor 48 


A blank space indicates that the innovation was not included in thebsurvey for that
 - Represents zero. 
particular community. See Figure 3.1 for location of townships in Minas Gerais. Against hoof
 

and mouth disease.
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conr.istently higher -- in fact much higher than woulcd have been expected 

from just a one, year time lapse. Although part of the difference may 

be nttribu .J to the difrtent 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 that stale that, 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 curvies are usually based on the respondc.nt's
 

recall of when lie adopted the vrious innovations. This recall data 

may bu 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 spray, mineral salts, and forage grass plots in Conceicao 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 

c.umulative ,doption. 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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were a representative sample of the dairy farmcrs In the social system
 

in 1952 (probably not a very gout.: assumption), thcn the cumlati ve 

curve for tick spray, as an example, suggests that 40 percent (25 

percent divided by 65 percent) of the dairy farwers in the community 

in 1952 were using tick spray, not 25 percent as a glarce at lhe
 

curve would imply.
 

Figure 3.11 illustrates two ways to plot the cumulative spread
 

of an innovation. One curve represents the cunmulative number of
 

decision-makers who have adopted thc innovation. The. other 
curve
 

represents the cumulative amount of lproduction facilities to which
 

the innovation has been applied. In the case of silo diffus.ion, this
 

curve represents the cumulative numbers of 
cows which receive feed 

from silos during the dry season. Usually, tlic c.uulti\,c curve for 

production facilities riscs faster than the cL'mu]Live ctrvct 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 form 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 collection in 1967, 65 percent of the farmers had adopted the silo.
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These farmers owned 78 percent of the dairy cows in Conceia6. It Is 

in Concei o, theinteresting to note that at least for silo diffusion 


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. It appears that the earliest
 

adopters were farmers who owned dairy herd- 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
 

curve best summarizesthe
decision-making processes. The cumulative adoption 


progress of this overall diffusion process. The economist, on the other
 

hand, is usually more interested in the cumulative curve which shows the 

to a more
percent of production facilities which have been converted 


modern technology. It is this curve which directly measures the
 

increase in productive capacity of an economic system.
 

Econom stem 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
 

such, the data would be of Interest if a simulation
diffusion process as 


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

model.
 



115
 

Monthly data on raw milk purchased by one. of the larger milk 

processing plants in Concei 'o were obtained for the period from January, 

1958, to August, 1967. The data which were normalized to liters per 

farm per month are graphed in Figure 3.12. It appears that there has 

been little change in the cycle of peaks and depressions in milk 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 dclcilne in milk 

also be calculated from the dataproduction during the dry season can 

given in Table 3.11. In Conceic'o milk production during the dry season 

declined to 89 percent of the wet season milk production; in TrCs 

Cora 6es, to 71 percent of the wet season milk'production; and in the 

of the wet season production. ItPhase II communities, to 69 percent 

based
appears that the percentage drop in milk production which was 


the Phase 2.8 data does not agree with the drop in milk production
on 


the data collected from the milk processing plant.
which was based on 


The reason seems to be that ConceiqaSo 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 Conceiij"o, 32 reported that they were selling their
 

milk to this particular milk processing plant. These 32 farms averaged
 

day during135 liters per day during the wet season and 102 liters per 

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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Figure 3.13 Nine-year monthly average of milk production 
from farms supplying a large cheese processor in 
Conceica'o do Rio Verde,s 1958-1966. 



percent of the wet season milk productIon. This later figure is closer
 

to the drop in miIk productiorn calcuIkted 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 tl-at some dairy farmrrs in Conceivable have made
 

some progress toward smoothing out the dips and peaks which occur in
 

milk production during the dry and wet seasons.
 

Although the farmers in Conceicz'lo have not succeeded in completely 

leveling milk production during the year, they have deronstrated 

higher average yearly milk production per cow than the dairy farmers 

in the Phase II communities. As reported In Table 3.4 the average 

milk production per cow pcr year in Concei a'aoIs 1240 liters as compared 

to 1180 liters in Tres Coraii' es and 790 liters in the Pha-.e II comuni ties. 

Thus the average cow in Conceij'ao produces 57 percent more milk per 

year than does the average cow in the Phase II communities. Part of 

this higher productivity is explained by the fact that the average 

cow In Conceii"o lactates approximately 245 days out of the year, 

17 percent longer than does the average cow in the Phase II communities, 

which lactates 210 days out of the year. Therefore the additional
 

productivity of the cows in Conce ao 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 Concelao were
 

asked whether they thought that the average milk production per cow
 

had increased, remained the same, or decreased during the previous
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two years, 48 percent thought that 	it had increased, 35 percent thought 

17 percent thought that it had decreased.that it had remained the same, and 


These figures suggest that there has been at least some overall increase
 

in milk productivity during the last two years.
 



CHAPTER IV
 

SINIDI 2: EXPERIMENTAL SIMULATION RUNS
 

SI1DI 2, a g:-crl diffut ,ion simulation model, was applied to the 

diffusion of silos among the dairy farm.2rs in Concci io do Rio Verde. 

This chapter discusses (a) the procedures which were used to specify 

the values of the parameters, attributes, and exogeneous variables 

required for the simulation runs; (b) the "best-fit" solution resulting 

from these runs and the valucs of the :uining paramate:s associated 

with that solution; (c) results of a series of sensitivity checking 

runs; (d) a "what If" run to see the effect of doublitig the gL1u;r.tity 

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 runs 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-a3doption data had been collected during the field interviewing.
 

This narrowed the field to four innovations: silo, forage grass plot,
 

mineral salts, and tick spray. Tick spray was eliminated as a choice
 

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
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they were, not using the. Inniuvatlon 
of "largest fatmers said that 

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

tick spray weas poorly .,orded. InsteF'd of referrinp
The question concerning 

this case spray, the questionaire
to the method of application, in 

tick pest icidc, I,; general. The 
should havc referred to the use of 

to be similoted,also eliminated as a processsalts wasdiffusion of mineral 

to have been diffusing for quitesalts appeared a 
first because mineral 

salts 
fe'.w years -- 8 percent of the farmers had learned about mineral 

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

of the farmers (5 perceni) 
1957; second, a relatively high percentage 

agents had been the most influential .ourcc,

reported that: commercial 


from external

have provisions for simulating influence

SINDI 2 did not 


agents. This narrowed the field 

agents or extension 

to a 
commercial 


diffusion of
 
choice betweeon siimulating the diffusion of silos and the 

forage grass plots, both of which were moderately similar 
in terms of the
 

that they had been diffusing.
length of time 


made because the
 
The choice to simulate the diffusion of silos was 


a much higher multiple correlation
silos exhibited
adoption times for 


= 0.78) than did the adoption
(R
with various independent variables 


times for forage grass plots (R = 0.53). Part of the reason for the
 

In the multiple correlation coefficients may 
have been that
 

difference 


case of silos
reliable in the 
th- time-of-adoption measure was more 


When the author returned to the
 
case of forage grass plots.
than in the 


formal Interviewing

research site for further field observation 

after the 


some of the farmers condsidered
 
had been concluded, he learned that 


Many farmers had been using sugar
 sugar cane to be a forage grass. 


the dry season. years as a feed supplement during
cane for a number of 
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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., Pangfla, Napier, Gu.tCmale, ctc.) which had been develc.ped 

especially for forage. Consequently, sore formrrs may have confused 

the adoption of foraqe grass with the adoption of sugar cane; or csc, 

the exact transitien date from sugar can. to forage grass m-y have been 

difficult to remember because the two practices are so similar. Also, 

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

the adoption date for a forage gia., plot simply because the construction 

of a silo represented a much larger capital Investrn.'fnt for most farmers 

than the plarting of a forage grass plot. W:;atevr the rezsnns, the 

point is that the adoption of foragc grz:ss did not correlate nearly as 

well with a number of indepcncent vr iables cis did the adoption of the 

silo. Thus the silo diffusion INas choscn as the process to be siinulat.d 

Initially. Forage grass diffusion was simulated In a follow-up series 

of runs using parameters that had been evaluated in silo diffusion
 

runs.
 

-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, exogeneous variables, and tuning parameters. 

Sizing parameters specify the population size of each entity type 
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included In the simulation model. These parameters "dimension" the 

structure of the simulation model. They are the arguments of the 

attributes and st,.te variables which appear in the DIiENSION statemtents 

or in COMMON statements, which serve to diim'ension and/or reserve corinon 

blocks for the arrays of FORTRAN programs. Examples would be the 

total number of simulated individuals and total number of mass media
 

channel s. 

Fixed entity attributes refer to the characteristics of entities
 

which the researcher has specified should remain constant 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 exoqeneouz variables usually rcfcr to inputs to the model whi ch 

change over time independently of the behavior of the model's Internally 

determined variables. These changes in the values of the exogeneous
 

variables must be specified by the researcher. In SINDI 2 the quantity
 

of innovation information carried by each mass media channel is treated
 

as an exogeneous variable.
 

Finally, the tuning parameters are the empirical constants which
 

appear in the various equations or relationships between the variables
 

of the model. An example from SINDI 2 is CMAGNW, 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" variables. These are the variables of a model which change, 



as a result of processing the model over time. State variables which
 

the researcher considers to represent the "output" of the system he is 

modeling are sometimes called "endogencous" variables. An :x:mulc of 

an endogencous state variable in SINDI 2 is 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 SII1DI 2 

the state variables are initialized in statcments A-30 to A-46 of the 

FORTRAN program.
 

Model sizing pramete rs 

The model sizing parameters for SINDI 2 include the numbcr of time 

periods ineach simulation run, the number of time periods per year, the 

number of print mediz, cha'nels, the number of ehcliLu:,c. m:dia cli,.n 

the number of local crganizations, the number of individual subjects in 

the simulated population, and the number of sociometric dyads amorg 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 simulated 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
 

field research indicated theit only one radio program, the Farmer's Hour, 



125
 

carried any significant amount of information about dairy innovations.
 

This was the only electronic channel included in the 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 III were based on
 

an N of 97 for Conceao 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 group of 88 individuals
 

making up the simulation community and who in turn were not named by
 

more than one other individual within the community.
 

The final sizing parameter specified for the standard simulation
 

runs was the number of sociometric choice dyads existing in the simulate(:
 

population. In this case, the 88 individuals included in the simulation
 

made a total of 426 nominations for either community opinion leaders or
 

specific discussion partners. Thirty of these nominations, usually for
 

opinion leaders, included individuals with whom the respondents making
 

the nominations never discussed matters related to dairy 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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SIDI 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 population
 

and the distribution of the 72 nominations for irdividuals outside the 

simulated population are summarized inTable 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 

Concei a2o. Twenty-eight of the 41 farmers who receivcd nominations but voere 

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. It was known at the time of the interviewing that 

there weli approximately 150 dairy farmers living in Concei-ao. 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 choices.
 

Itwas 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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by Farmers inTABLE 4.1 Distribution of Sociometric Nominations 
Concei.a.Io do Rio Verde 

The right-hand tvwo Colurrs are frequency distributiors. lhe figures 
incl uled in the sirm! n tcd ro,.ulation andrepresent the number of farmers 

the nrivrber of farmers outside the I)opulat or% who received thesimulated i 

number of nominations specified in the left-hanI column. 

Simulated Others 

Iorni nations popul at ion nomi nr ted 
N= 88 N 41received 


29
.0. .. .. . .. . . .. . ...
 
16 26
I1..................
 
18 8
2 .. ................
 
5 43 ....... ......... ..
 

. ....................... 5 l
 

. . . .
7 . . . 

6.... ................. 1
 

12 . . . . . . . . . . . . . . .
 
13 ... ................
 
14.. .... ................
 
15 ... ................
 
21 ... .................
 
26 ... .................
 
41 ... .................
 
54 ... .................
 

. . 324 72Total nominations received 


- Represents zero. 

(Number 652) in this group of interviewed farmers
Influential Individual 


Although this farmer received only one nomination
receiving nominations. 


as ,acurrent discussion partner on dairy farming matters, he received
 

twelve nominations from respondents in Concel 'co= a specific(N 97) as 


first source of Information about silos and six nominations as the most
 

No other individual
Influential source In decisions to adopt silos. 


received anywhere near as many nominations as an opinion leader for the 

specific four Innovations for which this data was secured. Inhis case
 

http:Concei.a.Io
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TABLE 4.2 
 Sociometric Choices Received by Respondenis in Conceiq'o de
 
Rio Verde
 

Twenty-nine of Lhe F8 respondents who wore included in the sinJulated popu,
lation received no sociometric choices and are not listed blo;w. Socio
metric choices include nominations as opinion leaders and/or discussion ,art
ne rs. 

SociomAtr c 
 Soc ior:c' t!-ic 
Respondent choices ,espondent choices
 
number received number recc ired
 

506 . . . . . . . . 14 51A . . . . . . . . . 4 
507 
508 

... ... .... 

... ... .... 
2 
2 

549 ..... 
550 ..... 

......... 

......... 
3 
2 

509 .. . . .. . . 5 552 ...... . ........ 4 
510 . . . .. . .... 1 553 . . . . . .... . . .. 1 
512 .........l.1 551. ..... ......... 4 
513 ......... .. 
516 ..... ........ 
517 .. . . .. .... 

1 
1 
6 

555 ..... 
1)56 ...... 
557 ..... 

......... 
....... 

. ........ 

3 
2 
2 

518 ... ... .... 1 560 .. .......... 
519 .......... 1 561. ........ . 21 
523 ...... .... 3 562 ............. 41 
524 .... .... 
525 ... ... .... 

5 
2 

564 ..... .. ...... 
565 . . . ........ 

54 
5 

526 ...... .... 26 566 .. .......... 
527 .... .. 
 ...... 3 567 ..... ......... 4
 
528 ...... ..
.. 4 571 ..... ......... 2
 
530 ..........
 3 572 ..... ......... 2

531 ...... .
... 13 575 ..... ........ 15
 
532 .........1 
 579 ..... .. ...... 2
 
533 .........I 
 580 ..... ........ 12
 
534 ..........
 2 585 ...... ........ 2
 
535 .... .... 5 586.......... 2
 
536 .... ..... 2 589......... . 2
 
538. ................. 1 590 ... ........ 2 
539 .... ..... 1 596 ..... ........ 10
 
5110 .... 
 ... .. 1 597 ...... ........ 2
 
541 .... ..... 1 598 ..... ........ 2
 
542 . . . ...... 2 601. ...... ...... 5
 
543 . . . . . . . . I
 

it was learned that he had retired 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 for his receiving only one nomination as a
 

currcnt discussion partner.
 

In sunmary then, there are three types of influential individuals
 

who wv.rc not included in the simulated population: first, individuals
 

who were influential 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 siMuletion model.
 

Attribute values for sociometric 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 Ill 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 their associated
 

daily probabilities of discussion were used to code the responses to
 

the question about frequency of discussion:
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DoiIy p robobility 
Resnonse category of disccu.s.on 

Never.- 0.000 
1-3 times per year 0.00 I) 
4-7 tiwn pei year . .. .. 0.O15 
8-11 t ime.s per year .... 0.020 
1 time per month . . .. . . 0.030 
2-3 tLin.s per month o.0. 80 
I time per week . . .. . . 0.110 
2-4 tim s per week ..... 0.430 
5-7 times per week O.8o60 

Att'ribule va lies for individual ; 

SINIDI 2 requires as input data values for the various attribtites 

associated with each simulated individual. 

Year i ndi vi dual ente red commu-ity. SINDI 2 requi rcs as iluput fV.r 

each individual the time when he entered the community and the time ..hen 

he started hi,, work oQrera t on, in thi.s case whcn he belat n dair farrir. . 

These dates affect the running of the simulation only if either occurrr d 

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 inuto 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 commur ity until they had entered tnie community. In the cases of the 

remaining ten individuals who had not adopted the innovations prior to
 

migrating into the community, SINDI 2 allowed them to be subject to
 

Influence from the mass media from the start of the simulation l;,ut did 

http:disccu.s.on


not allow them to be influenced by interaction with menbters of the 

actually migrated into the conmunity.community until they had 

ori. The informal on Jk.' t theYear individuacl started daiiy.. 

time w'ey, the irdividual star t.d thi', work operatior was ec, red by 

asking: "How many years havC you beeC ; doiry farit.r?'' -,total of 2? 

farmers hec.ame dai ry farners zaftc: the stcartlng timi of the simultion 

in 1957. Olbviously, these i idividj31s wo'ld rot arldc't the use of 

the silo until aftcr they had beconrir dairy farme-rs. ..IN'DI 2 al]c!..,ed 

these farmers to receive persuOsive comiunications rbout adopting a 

si lo for some specified time prior to aclt.ially starting their ctairy 

w.asfarming operation. For thcse specific runs, the pc:r.u: io1 period 

set equal to two years. It was assumed that during the. persuasion 

%vould bco looking into the varioiusperiod perspectLi\e cdairy farmers 

activities associated with dairy farming. Prior to this "pcrsuasion 

a work operationperiod," information about innovations associated with 


in which they were not engaged would not be 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 their 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 channels.
 

For the agricultural page in new,spapars the individual exposure probabil

ities were obtained by asking the following question and assignil'g the
 

probabilities to the responses as indicated:
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Do you read the agr icu tura I paGe ii the ne%.,spapers? How frequ nt I y? 
(a) Estado do Hinas (Belo lorizo,Le), (b) Corrio da .:h?" (Rio 
de Jane i roL -(J) - ado dC S ' taulo (S'Io Palo, -7 Jor,. 1 

do I3ra ziI (Ric de JDIr1e ro) 7 e otC: r newsppe rs 

E x p0S UrC 
,rol:bilResponse .ategory 1it 

Nevc. ...... .............. 0.00
 
Rarely.. ....... .............. 0.05
 
Occasioally ........... ....... 0.10
 
One th ird of the issues 0.30
 
Half the issues . . . . . . . .. .0.50
 
Mostr..,eek...................... .0 80
 
Each week ...... ............ .99
 

In the case of magazines, the individual cxposure probabilities were 

obtained by asking:
 

In the past year did you read th mnqonines? Ilo,,-., frequently? 
(a) 0 Ruralista, (b) rIevista dos Criadoro's, (c) Coop cot ia, 
(d) "' c& azeridas (c) 0 [1 r i ,Lnt ku,-a , (f) A Re :Tto~ 1i 
Rural .yT (;) ndiI ACAK,.K,.:, ,'nricolas, , lcc L , 

I. Ic C IL~ J1 1, 't) OSho iC ) 1' 1. - :c - I 

Expos.ure,
 
Resporse category prnbability 

Never................. ... 0.0
 
Rarely ........ ...............
 
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 organization. For
 

IThe exposure probabilities associated with each 
response category
 
were coded with only one digit in order to save columns on the IBM
 
card. Hence there is a discrepancy with the probabilities for newspapers
 
which were coded with two digits. Next time the author would keep these
 
measures consistent witlh each other. 

After the author had completed the field research, he caire across a 
discussion by CorIett and Osborne (1966) on the d,.,;io i of it:rns to 
obtain media exposure probabilities. Certain aspects of the items used 
in the Phase 2.8 ques tir nrai re are close Lo the itein design rccc-rr:mended 
by Corlett and Osborne. 
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this series of runs 
only one local organization was Included in the
 

siMUiLtioi, the farm cooperative. Each respondent was asked: 
 "How
 

many meetings of the Cooperative did you attend last year?" 
 A person:s
 

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 meetings assumed to have been held
 

during the year. If the respondent reported attending more 
than tw'elve
 

meetings, he was given a probability of 1.0.
 

Empiric.al 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 adoptiot,
 

crive for silo diffusion appearing in Figure 3.11 indicates tnat at the
 

time of data collection in July, 1967, 65 percert of the dairy farmers
 

in Conceiq"o 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 familiar with the silo? 
 Have you used a silo? If not,

which of the following situations describes best your plans with
 
respect to a silo?
 

Percent of farmers Expected future
Response cateqory 
 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
 
to use one 
 . . . . . . . . . . 5 
 1971.5
 
NONKNOWER: Does not know
 
about silo . . . . . . . . . .
 

REJECTOR: Never used a
 
silo and does not plan to
 
construct one 
. . . . . . .. 
 11 . 1975.252 

http:Empiric.al


Innovation resistnr, i,.ctor. SINUI 2 corvcrts individu ls from. ,,

adopters to adopters when the cumulativc inflcnce to which they have 

been exposed rxceeds the mrynittide or tl eir innnvat1on resistance 

factor. The influence cffect is an internal simulation vnrUable whiih 

changes during th: course of the simulation as a result of exposure to 

innovation messages c.arr!i d by the r:,ss media an:d as a result of
 

interaction with acoolters in the coniunity. The innovation resistance
 

.factor, on the other hand, is an externally defined attribute of each
 

simulated individual. It is expected chat this resisotanc, will dennd 

on the variety, of factors which an Individ'ual takes into account
 

ei ther consciously or unronsciously vwhn ie processes inforrmation frcr 

his environment about the Innovatior and decides if and when he will
 

adopt the innovation. Lumped into this unidi c'.ionral attribute are
 

all the factors which are likely to effect the diftus in procrss 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 with
 

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
 
in the regression
appropriate scores relative to the other adopters 


chosen because simulated
analysis. The particular value of 1975.25 was 


adopted by the end of the simulation run in
individuals who had not 

of 1975.25.
1975.0 were also arbitrarily as-signed an adoption timne 


Thus individual suhjects wio were both potential rual-world nonadopters
 

(i.e. "rejector'") and sin,lated nordopt&ors would make the maximum 

possible con.tribution to the croF-Product termu in the correlaLion between 

simulated adoption Lir..cs and real-world adopti - times. This vould 

increase the correlation coefficient which is aE. it should be since the 

simulation would have correctly predicted the real-world behavior. 
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g-neral and to the specific innovation in particular, his attitude toward
 

risk, his motivtion toward making the changes in h!s behavior required
 

by the adoptict of tho innovation, and the economic resources at his
 

disposal. Ifwe accept the notion of an underlying psychologicel trait
 

called "resiktance-to-innovating" ---or inore specifically "resistance

to-adopting-X," because logically individuals have different r(:sislancc-<
 

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 trail. w.,hich 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-aclopting" X'
 

and fror the variance in the time and degrce of individuals' exr.osure 

to irnovatior, mess coe: faom both the mass rredia and adopters ill thc 

community. The "resistance-to-adopting-X" then is a function of a 

variety of variables not directly accounted for in the simulatir,model 

of the cornnunication process. One procedure for obtaining a measure a 

the resistance factor is to perform a multiple regression analysis of 

year of silo adoption, the dependent variable, using only the independert 

variables postulated to be related to the resistance factor. The reasure 

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 communIce-

tion variables, the effects of which are modeled by SINDI 2, are
 

excluded from the multiple regresslon analysis. After the coefficients
 

In the multiple regression equatlon have been determined, the predicted
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value of the ..;ar of silo adoption for each i,-divHirual is computed. 

Thi predicted value Ik taken as th( best estimate of the resistan;c 

factor to within a 1ir.Bar tran'sio, ,ati n. 

The mul'iple regre!ssion analysis was performid staiti',ij with 1F 

ind.pendent variables. Sevunty-fiv' subjects vere includcL; in th 

analysis; 22 of the 97 subjects w-re dropped frci:, the rul t iple reur'ssic,, 
analysis because they had been dairy farmters 1;:ss than ten years at tb, 

time of data collection, After a step-wike deletion of tic lesr, 

sifgr-ificant variables, six variab les rcinzali Pd wiich Ccou nLcd for 54i 

percent of the variance in the year of silo adc1,tinrn. Trhe six 

variables (variables 2 to 7) which contrilbuted rrst sIgni f;crit ly to 

the mult iple regression were (2) number of dalry fare. workers (log0o) 

(3) daily milk product .iun(I .>), (1W) ,:Tber of' Iv-tat:iri. c,..:5. r:!.r 

worker, (5) incor-e, (6) pasture ares (Ica 1 0 ), and (7) motivation. 

"Income" was measured in terms of an ordinal scale of eight incorre 

brackets. "Motivation" isan index constructed from responses to the:
 

following two questions: "What do you plan to do In relation to dairy
 

farming in the next two years? How Important is it to you, in relatico,
 

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 wos used when Ityielded
 

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 given for the six variables inTable 4.3. Five of the six
 



TABLE 4.3 Multiple Correlation Ana!vsis o' Year of Silo Adootion (N = 75a) 

The negative correlations imply that the 
higher a farmer scored on an independent 
variable Lhen the earlier was likely to 
have been his year of adoption. 

Zero-

or'e 
Var. Independent corre-
No. variables lation 

V.2...7 
2 

P
2
=0.54 P=0.73 

Beta Sig. Par. 

Multiple correlation 

is...ll 
2 
P2=0.43 P=0.66 

Beta Sic. Par. 

1i2...I; 
2 

R2=0.61 R0.78 

Beta Sic. Par. 

Imultiple-oartl 
correlation 

1"2...7(8...I1) 
2 b 

P =0.32b PM0.56 

Beta Sic. Par. 

2 Workers (Io10).......... -0.47 0.81 0.002 0.37 0.73 0.004 0.35 0.75 0.C03 0.35 

3 Pik production (loot 0) . -0.56 -0.S6 0.003 -0.35 -0.66 0.025 -0.28 -0.70 0.02i -0.28 

Lactating cows per worker -0.04 0.45 0.003 0.35 0.33 0.023 0.28 0.L5 0.019 0.22 

5 Incocm. ............ -0.58 -0.32 0.008 -0.32 -0.26 0.035 -0.26 -0.27 0.030 -0.26 

S Pasture area (blo) . . . -0.51 -0.36 0.011 -0.30 -0.33 0.017 -0.29 -0.32 0.014 -0.29 

7 Yotivation ........ -0.40 -0.20 0.024 -0.27 -0.17 0.055 -2.24 -0.21 .048 -0.24 

8 Agricultural pages (in 
newspapers) read per 
month ...... .......... -0.59 -0.h0 -0.001 -0.41 -0.26 0.009 -0.32 

9 Agr cultural magazines 
read per month ..... -0.50 -0.25 0.018 -C.28 -0.10 0.357 -0.11 

10 Cooperative rmeetings 

attended in past year . . -0.34 -0.12 0.227 -0.14 0.02 0.835 0.02 

11 1-ricultural radio 
p~ora-s listened to 
per week ..... ........ -0.30 -O.10 0.233 -0.13 -0.08 0.333 -0.12 

aExcludes 22 respondents who had been dairy farriers less than ten years. 

bBetween residuals. 
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variables have sign ificant zero-order correlations In the expected
 

direction. Generally, the correlations indicate that the larger the
 

farm operation as measured by variables 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 lo.<er his 

resistance-to-adopting the silo. Variable 4i,lactating cows per worker,
 

did not show a significant -cro-order correlation with the dependent
 

vari able.
 

In the multiple correlation analysis the situation changes so!cwh.hat. 

Surprisingly there is now a very strong positive partial correlation 

between tha number of dairy farm worke s end the year of silo adoption. 

Thls ;uggests that when the other variables which serve as indices for 

the sciale of farm operations have been taken into accouni, merely havinc 

relatively more workers around the farm indicutes a traditional outlock 

on farming which inhibit!: 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 iewould be to take
 

on the additional chores of silage p.reparation and distribution. A
 

farm with a relatively high number of cows per worker Indicates a labor
 

deficiency, a situation 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 Indlvldual's
 

resistance factor using the multiple regression equation is to predict
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the year of silo adoption for the 88 subjects to be included in the 

simulated population. 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 yield the raw resistance factor requires closer scrutiny, because 

the 54 percent of variance in ihe dependent variable explained by the 

six attitudinal-economic variables may not be "pure." Inother words, 

there may be other variables, in particular communication variab,.s 

excluded from the multiple correlation, which are correlated 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 effects of which were directly 

handled in the SINDI 2 model, accounted for 43 perccnt of the variance 

in the year of silo adoption. The four communication variables were
 

(8)agricultural pages (innewspapers) 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. It 

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 multiple corr.lation 

(l*8...ll) are reported inTable 4.3. The partial correlations are all 
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in the expected direction, i.e., the greater thc exposure to sources 

of innovation information, the earlicr the year of silo adoption, but 

not necessarily the lower the resistince- to-innovating. In fact, it is 

being postulated that variables 8 to I I ore measures of the flows of 

information and influence to the individuol , a process independent of 

his innovation decision process. (As o first approximation, the 

effect of the filtering processes of selective exposure, selective 

perception, and selective ret.rtion, which would be assumed to depend 

on a persol 's resistance-to-innovatilg, ar- ignore d.) An i rd ivi Cla I's 

resistance-to-.inovating factor, which is postulated to be 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 adcptiorn w's ex..;Iined 

(see Table 4. 3 ). Figure 4.1 shows that 35.5 percent of the variance 

explained in the dependent variable 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 media 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 

explained. 

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
 
-- Year of Silo Adoption
Dependent Variable 


Year of
 
silo adoption
 

Communication
Attitudinal and 

var ables
economic variables 


Agricultural pages (in news-
Workers (logl0) (+) 

papers) read per month
 

Milk production (logio) () 
Agricultural magazines 

Lactating cows per worker (+) 
read per month (-) 

Cooperative meetings
Income H 


attended in past
Pasture area (loglo) (-) 

year (-)
 

Motivation ( 


Agricultural radio
 
programs listened to
 
per weck (-)
 



economic variabIcs, it cannct be assured that these variables are 

contributing solely to an undurlying resistance factor. Itmay be, 

for exarnmole, that high incomc allows th' farmer to subscribe for and 

read more agricultural magazines resulting in his exposure to a higher 

voil, Oe messg.s than the lo.w income farmer. It ra ay notof pcrsuasiye 

simply be a case that high income gives him the cushion of resourcus 

to accept the risk of being an early adopter of a no%, farming method. 

Both explanations probably play a role in the real-world proce:.s. 

This suggests that a procedure must be found to par Lition the 35.5 

percent common varinrce bctw :cn the attitudinal-economic varab les and 

the communication variables. But how ci, Ihis be dlone? The-rc is no 

theoretical basis for making such a partition. The most logical basis 

seemed to be to prrtition i 1ir common \'ari ri c:e proport ional to t!;e 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 of the dependent variable and the variances of the attitudinal

economic variables (see Blalock, 1960, p. 350). Then a 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 (REGRIP) and the residual of silo adoption
 

yields an R of 0.56 and an R2 of 0.32. Thus the variance explained in
 

a zero-order correlation between the multiple-partial regression
 

http:0.18:0.08
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.
resistance (REGRMP) and the original scores for year of silo adoption 

would be 0.18. This result Is calculatcd from the areas shown in 

is the varianceFigure 14.1: 0.32:1.00 = 0.18:0.565. The value of 0.565 

variable after removal of the contributionremaining in the dependent 

from the communication variables.
 

The next step in the procedure was to linearly transform the 

to a new distribution,multiple-partial regression resistance (REGRMP) 

the same mean and variance as REGRM. The transformedTREGRMP, having 

and the straightmultiple-partial regression resistance (TREGRMP) 

regression resistance (REGRI) 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 

behaved as if it partitionedresistance distribution (REGRhIX), which 

the variance connon to the attitudinal-economic variables and the 

in the desired ratio of 0.18:0.08. Thus the
communication variables 


raw resistance distribution (REGRMIX) should account for 42.7 percent
 

It can be shown ifof the variance in silo adoption (see Table 4.4). 


same means and variances aretwo distributions, M and MP, with the 


averaged together in the ratio f:(l - f) to form a third distribution,
 

MIX, then the correlation of MIX with a fourth distribution Y will be 

given as:
 

rMIX ( - f).r 14P + f-r M
 

Solving for f in the formula above yields:
 

frMI X - r14P
 

r 14 r Mp 

These three correlation coefficients needed to calculate the mix 

http:0.18:0.08
http:0.32:1.00


fraction, f, arc: given in Table Solving fur f yielded a value
S.4. 

of 0.75. Therefore, in computing tlhc. raw resistance distribution 

(REGRMIX), the weighting v-iue fior thr iraiin,form d ni, tiple-partiai 

regression distribution (1REG -lP) and the strid jht regressior resistance 

(REGRM) were 0.25 and 0.75 iespecl:ivuly. 1he resultitng distributlon 

REGRMIX wis used as the riw regression resistanu factor recquired for 

each simulated individual in SINDI 2. 

It should also be noted tlat Tabll- 4.3 and M.4 include the multiple 

regress i on analysis of year of silo adoption when all 11 I ndependent 

variables are included in,the analys is. This is a stand.,rd type of 

analysis which is reported in the diffusion literature. This "linear 

regression model of innowtion diffusion" (LRIMID) takLS into account 

the important atLitudin.l, economic, . d com,,inic i0ot ''ati ies in 

seeking to explair the variance inrthe dependent variable, year of 

silo adoption. It is this linear regression model of innovation diffusion 

against which the performance of Si[PI 2 can be measured later in our 

discuss ion. 

Table 4.5 summarizes how the 97 respondents were utilized in both
 

the multiple correlation analysis and as simulated subjects.
 

Exogeneous variables: rass media messages
 

Subroutine I,'PUTM reads the "quantity" of Innovation messages carried
 

by each of the mass media channels. Quantity of information was measured
 

In square inches of print for the print media and In minutes of program
 

time for the electronic media. Thcse In themselves are very crude
 

measures. They do not take into account a host of other message
 

variables that are known to be related to persuolveness of a ressage.
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TABLE 4.J4 	 Explained Variances in tile Year of Silo Adoption by the 

Li near Regression t'odni' of Iiovation Diffusion (i.RID) 

the M,ultiple Rcgjessi . Distribution (REGRM) 1th t:w 

Resistance Distribution (RPEGRItIIx), ord the Trans.Tformeci 

ultiple-Partial Pcgj'ession Distribution (TREGRI"P) for 
I- of 75 

Form of
 
Va riance Corrclationmu1tipl 

Distribution explai ned roeffi cientcorrelation 

2 
r 	 r
 

1.000100
 

0.78.31*2... 11 	 LRMI D 0.613 

0. 	 0.,1"2. ..7 	 RE GRM 


Combined 	 REGRMIX 0.I427 0.6514 

o.4241'2...7(8... 11) 	 TREGRMP O.18O 

0.000 0.000
 

level of
Nevertheless these measures were considered to be at about the same 

detail as other measures included In the simulation. Ideally, the way 

to collect the data needed to specify the message Inputs for the simulation 

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 11.5 	 Utilization of k-fspondcnts in the Stani:,rd Si I, Li Cn ,Ln 
for the Diffusion, of Silos wrsIs L IiI i zaI:ion of , po'nvIchnlt 
i n the ulti plc Rcgre!.s ion An alys I. Prcdi ctii gi . .atI ce(IK 
to Silo AdopLicm 

Droppei F:-(:,, 
sitila! izr 

t) CC IP 

r~es por'(ei 

we it IhJ t 

Utilization 
RL'spondeI ts 
Multiple 
Regression 
Analysis 

of 
in Used a-

fuIl ly 
simulatCd 

individuals 

Preset 
as 

"inno-
vators'' 

Preset 
"'externial 
adolte 

as 

" 

part of 
Cum"ur; i I y 

corrIjni
cation 

Ie tn. r k ota;s 

Included in 
regress i on 
alys ....... 56 6 9 75ys i s ..... 

Dropped from 	 analysis 
bcause respoicre' s 
had been dairy 
farmers less than 
ten years .... ...... 19 

Dropped from rcgrce:sior, 
analysis becauvuL 
respondents adopted 
prior to 1952 (i.e. 
they were deviant cases) 2 2 

Dropped because rcspondents
 
gave no response on year
 

of adoption .1.. . . - - - I
 

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 Crladores, 17 issues of CoercotLia, 26 issues of 0 Dirligente
 

Rural, and 28 issues of A hoal id1ide Rural. Thu summary of the resul s 

of this content analysis aippears in Table 4.6. A summary of the message 
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input data for the simulation runs appears in Table 11.7. Empirical
 

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

in which
0 Di'igente Rural, and A Realid:de I0ural for those periods 

data from the content analysis were available. Otherwise, values 

in the last column of Table '4.6based on the average-per-period values 


The values were modified by a monotonically
were used as input data. 

increasing step i'unction under the assumption that the media probably 

were carrying increasingly more information about silos as time went 

by. SlCtios e Fae,ns and SeleT..c5cs AricolIr were consid red to ti'e 

about the same emphasis to dairy farming as did Coopcr-Ct. a, a magazi ne 

dos Criadores, 0 Diricenteless oriented to dairy farming than Revist 

and A Real idide Rural. rhus Sitios e Fa.end,)s ;n S IRural, 

1c s as u,).l~e.Cotia.Anricolas ,,ere assigncid approxi mately the SaOINi fnlLt'%'v 

0 Rural i.ta is a biweekly agricultural rwspapcr \which sta ted 

The one issue which the author saw had eightpublication in 1963. 


pages. The agricultural magazines cited above averaged 70 to 100
 

pages per Issue. In one sense, 0 Ruralista is similar to the special
 

of the metropolitan newspapers.
agricultural sections carried by some 


locate and content
Unfortunately, the author did not have time to 


analyze these newspaper channels, and thus the Input values for the
 

messages carried by these channels had to be rather arbitrarily
 

little Information about the extent of the

,assigned. The author had 


frequently read
agricultural coverage by the four main newspapers most 

by the farmers inConceiclb. He did see one agricultural supplement 

of the Estado de Minas published In Belo 1o. Izonte. It also contained 

eight pages devoted to agricultural matters. Itwas teported by one of 

the Interviewers that one of the rewspopers from Rio de Janeiro did not 



TABLE 4.6 Quantity of Iiforma .ion about Silo Usage ap-icaring in Feur 
Agricultural Magazines 

Averaqe cant i ty 
Nunber of Averagje quantity of information p-r 

issues per istic six--m-)rh i rii., 
Magaz ine ana 1yz.ed (square inches) (sq uar- inChes) 

Revi sta do- Criadores 21 51, 3211 

Cocpercoti. ....... .... 17 8 15 

0 Diri :nte Rura .1 26 22 130 

A Rel idad RU . 28 28 140a . Irn 


aA F,al id . l:Jra 1 a\,arair(d onl y 5miSsuCs par !. ix-month pc riod; the ,!h7r 
three, avc i~qcd ( I s.ue per period. 

have an a1jr cI iitra 1 sect i on as such. (n)l1y 811 C Coo'c-hiMs i ne'ss src t i ,n 

which also carried information on aricul tiral matters. The author was 

unable to verify this. 

In spite of these uncertainties, there is some evidence that the
 

agricultural pages in newspapers were carrying information about silos.
 

The data In Table 3.7 indicate that almost as many farmers (146 percent)
 

reported obtaining Information about silos from newspapers as reported 

obtaining information from magazines (149 percent). Also readerslip 

of the agricultural pages correlated even more strongly (-0.59) w:th 

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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Quantity of Actual and Estimated Information about Silos
TABLE 4.7 

for Each Simulated Tiw, PeriodCarried by the Print cedia 

In square i rchus of space devoted to sil o. The unde r lined fi £Ju res 

a conxer, t onll, s of thc 
represent emp ilri cal data gathered by rneans of 

csti maLes and extrapoltiolons.channels. The remaining f igJures are 
Si tos 

e 

Fa;cn
cl as 
and 

Year 

Revista 
dos 

CIj2dores 
e r-coti a 

0 
Di ri-
qenteRural 

A 
Real i-

dadeIr Ic) 

SeIe-

Aqri colas 

0 
Ru ra Iista Lpapers 

4025 020 100 01957 300 14025 0
20 100 0300 
 0 It0
25
20 110 50
1958 300 
 0 140110 50 25300 20 
20 110 75 25 0 10 

1959 300 

0 140
25
110 75
300 20 


30 120 100 25 0 140

1960 300 


00 25 0 140120
300 30 
0 1'J
30 120 120 25
1961 300 

0 1iG120 120 25
300 30 


30 0 150
1962 325 30 120 130 

0 150
30
120 130
325 30 


80 150
30 130 140 30
1963 0 

375 30 80 150
480 30 130 


30 90 150

1964 325 40 130 90 


70" 30 90 150
325 40 130 

30 100 150
193 230
1965 172 0 


37 30 100 150
325 13 0 


30 	 150
172 0 	 110
1966 325 
0 30 110 150
0
325 40 


35 120 160
485 10 1971 140
1967 

35 120 160
0 0
325 

35 120 160
40 130 140
1968 325 

35 120 160


325 40 130 140 

40 130 140 35 120 160


1969 325 

160


325 40 130 140 35 120 
35 120 160
40 130 140
1970 325 


120 160

325 40 130 140 35 	

16040 130 140 35 120

1971 325 


35 120 160
325 40 130 140 


40 120 170
40 140 160
1972 350 
 170
160 4t0 120
350 40 140 
4t0 120 170


1973 350 40 140 160 
40 120 170
350 40 140 	 160 

160 40 120 1701974 350 40 140 
40 120 170
350 t0 140 	 160 


aMonthly magazine. bBiweekly agricultural newspaper started in 1963. 

CAnriculItur'A l.a1es in ne.saprs. 
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that are associated with innovativeness, Nevertheless, the correlations 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 information 

per six-month period. 0 .Lrralista, being biweekly, was assigned somewhat 

lower message input vlues. 

The data available on information carried by the one agricultural 

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

manager reported that the station did not savc old radio scripts. He 

estimated that approximately 70 short advisories on the benefits of 

using a silo had been made during the last year. The sample script 

included in Appendix A indicates i.h; j 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 organlzations 

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 general agricultural cooperative In Concei a~o
 

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. When asked about attendance at the 

cooperative meetings during thc past year, four respondenLs reported 

attendance at more than 12, rieetings. However, some of the meetings may 

have been meetings 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 meetings per year for the rest of the time 

per Iods. 

Tuning parmeters 

There are eight "tuning" parameters included in 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 branch 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 parameters 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 times of adoption for Individual subjects (i.e. agreement at
 

the micro level). 
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Two parameters, RISTMI " and RISTSD, specificd thc shape of the 

"resistance-to-adopting-X" distribution, X in this case being a silo. 

The objective in choosing these two parameters was to transform the 

distribution of the raw resistance factor to the resistance factor used 

in the simulation. The raw resistance factor was scaled as an interval 

scale SINDI 2 requires that the tesistanrce factor be scaled as a ratio 

scale; in other words, a resistance of 40 is assumed to be twice the 

resistance of 20 -- a charactcrist.ic 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 value of 

the standard deviation, RISTSD, would be selected so that a few 

simulateo individuals would have a low resistarcc. 

It was also necessary to consider values for the four influcncc 

parameters: CMlAGI\,, CRADTV, C1,1.ORG, CNIEHI3k. These r,!reters sr;eci fied 

the degree to which an individual's resistance is overcome as a result 

of his exposure to units of innovation messages clrricd by the print 

media and the electronic media and to discus'sions 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 Concelao. It was decided that the value of CIJEHBR 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 CI4AGNW should be chosen 

so that the Influence effect of the print medla contributed about 20 

http:C1,1.ORG
http:charactcrist.ic
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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 ClNAD'FV and CMLORG should be chosen so that these two 

channels together accounted for only about 5 percent of the total effect. 

In subsequent runs the values of the influence parameters would be 

altered In crder to obtain the best-fit set of parameters. 

The final two tuning parameters, CINFLU and CINERT, are empirical
 

constants in the relationships Mfich expres. the degree to which an 

individual is influenced by his interaction with sociometric choice 

partners. CINFLU scales the 
raw frequency of interaction to an 

"effective" frequency of interaction. In a series of tuning runs 

CI1FLU was varied from O.U to 1.0. CINERT determines the extent to
 

which the influence effect from an individual's interaction with 

adopters among his circle of sociomctric choice partners is reduced
 

as a result of his interaction with nonadopters among hls partners.
 

In a series of siriulation runs CINERT was allowed to vary from 0.0 to 0.5.
 

The "Best-fit" Simulation Run for Silo Diffusion 

Two major criteria were used to determine the "best-fit" simulation
 

run. First, at the aggregate level, the simulated cumulative adoptiun
 

curve was compared with the real-world cumulative adoption using the
 

Kolmogorov-Smlrnov 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 isnot possible to find a single
 



solution which will satif, K.h criteria. O;ae can either choose a 

slimulation run which will maximize one criterion while still scoring 

acceptably well on the other criterion and vice versa, or one choosecan 

a simulation run which is a compromise bet..,een naximik'iric one or the 

other criterion. 

In the application of SIINDI 2 to the diffusion of silos among 88
 

dairy farmers in ConceiraG do Rio Verde the best-fit simulation run
 

was 
selected which gave the highest correlaticn at the micro l~vel 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 deviation
 

of this distribution (RISTSD) was set at 31 resistance units. A! for
 

the influence parameters, C14AGNW was set to 0.0071 influence 
units per 

square inch of print media; CRADTV, to 0.011 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 number).
 

Another Important characteristic of the best-fit run was that 

the credibility variable (CREDIBij),which appears In the soclometric 

Influence equations (A-3I and Indirectly A-85), was preset to have the
 

same value (0.82) for all sociometric inLeractions. This value of 

0.82 represented the average of the empirical values of the ladder 



155 

ratings (divided by 10) gi-ven 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 

sensitivity
will be further discussed in the following section on 


testing.
 

At the aggregate level Figuie 1.2 presents a visual comparison 

between the simulated cumulative adoption curve and the real-world
 

Application of the Kolmogorov-Smirnov
cumulative adoption curves.3 


two-sample test for goodness-of-fit between the two distributions
 

(N = 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
 

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

3Figures 1.2, 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 adoption 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
 
curve
represent the cumulative curve. The step-like appearance of each 


results from several factors. First, the resolution of the graph on the
 

original computer print-out is only to one-sixth of an inch along the 
vertical axis and one-tenth of an inch along the horizontal axis.
 

fact that there are 88 discrete subjects will cause discrete
Second, the 

steps to appear in the cumulative curves. Third, the adoption times 
themselves can only take on certain values: the simulated data can 
take or: inid-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 valur-s tt these respective 
sets of abcissa values. Finally, those respondiit% 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.
 

All of these factors contribute to the step-like appearance of the 
cumulative distribution curves. Rather tan 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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Figure 4.2 Comparison of the "best-fit" simulated cumulative adoptior curve and the empirical
cumulative adoption curve for silo diffusion. 
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/ 

were not totally independeft 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 eq-jal 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 SINDI 2 In predicting individual adoption times and the
 

performance of the general linear regression model of innovation
 

diffusion (LRMID) which predicted Individual adoption times from ten
 

Independent attitudinal, economic, 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 exp!Oincd
 

variance are 0.31 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 artlIai-regression analysis based on only
 

the attitudlncl-.e.,iiomic variables. This Is important because the
 

resAr- 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 model not
 

only took into account the variables which were included in the linear
 

regression model but also 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 influence
 

through the interpersonal connunication network would account for a
 

significant 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 Perforrmanc.e of SINbI 2 and
 
the General Linear Regres.sion Model of I r'o,.,t ion 
Diffusion (LRNI D) for Predicting Individual Adoption 
Times in the Case of Silo Diffusion
 

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

Common or
 

Correlation explained
 
coefficient variance
 

2 r
r
Variables 


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
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Other results from this best-fit run are worth noting. At the 

aggregatc level, the percentage contribution from each of the fuur 

channels to the total influence effect was as follows: 

Percent of
 
Channe 1 total influencc 

Magazines and newspapers 23.6 
Rad i o prog rams 1.4 
Local meeting interaction 2.6 
Socionietric 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 popul~tion.
 

Sensitivity Tcsting 

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

to changes In the tuning parameters and other input data. 

Parameters of the resistance distribution 

The mean of the resistance distribution, RIs'MN, 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 of Ri.W-N
 

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 Isequivalent 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 wcrds, to avoid either too slow or too rapid a build-up during 

the first several time periods. 

Influerice pjarnaeters: CMAG1NW., CHEI13R, CRADTV, C1MLORG 

A series of runs was made to explore the effect on the simulated 

output of changing the 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 between the simulated adoption times and 

empirical adoption times of different percentage contributions to total
 

Influence from print media exposure and sociometric influence is
 

The highest values for the variance of empirical
plotted in Figure 11.3. 


adoption times explained by the simulation occurred in the range between
 

62 to 75 percent for sociometric influence as a percent of total
 

range the print media contributed approximately 20
influence. In this 


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 4 and 5
 

Influence. These best-fit percentages hold true
percent of the total 


for one Innovation In one community. They are likely to he somewhat
 

different under other circumstances. Nevertheless the influence parameters
 

stable than the
associated with f'Is best-fit solution should be more 


percentages aci,ss different situations. The question of the stability
 

of the best-fit parameters for other innovations and in other communities
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Figure 4.3 Variance explained in empirical adoption times
 
by the simulated adoption times as a function of percent
 
of sociometric 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 from 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 were made to explore other mixes 

of the four influence parameters. In the iirst place, there are many 

possible mixes of the four parnieters -- many more than could be conven

iently explored. Further, the inultirle regresslon analysis indicatcd that 

exposure to the one agriclItural radio program and intcraction with 

adopters at the meetings of the local cooperative had only a weak effect 

on year of silo adoption. Therefore these sources were restricted to 

have only a very minimum effect in the simulation run. 

Sociometric interaction paramoters: 

CINFLU and C!IERT 

In a series of runs, CIFI.U, the exponent of raw frequency-of

term, was varied from 0.0 to 1.0, and CINRT, the %--.cightinginteraction 

factor for the inertial effect from talking with nonadopters, .as 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
 

In which CINFLU and
0.25 and CINERT equaled 0.25. Another series of runs 


CINERT were each varied slightly in the vicinity of 0.25 was made but no
 

significant improvement in the results was noted over the results for the
 

to 0.25, an adopter with whom discussions
values above. When CINFLU was equal 


were held approximately 150 times during a six-month period was only about
 

3.5 times as Influential as a person with whom discussions were held only
 

once during a six-month period. 

There may be several factors at work which would explain this
 

First, It was noted in Chapter III (Table 3.19) that, in general,
result. 


Individuals Interacted less frequently with recognized opinion leaders
 

discussion partners.In the community than with their close friends and 
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opinion leaders, particulbrly those opinion leaders
 
At the same tLime, 


who were ,Iso mentioned as discussion partners, were given 
somewhat
 

Individuals who were named solely 
as
 

higher credibility ratings than 


it may be that individuals
(see Table 3.20). Thus
discussion partners 


named less frequently had somewhat higher prestige 
and tlius
 

who were 
the
 

proportionally greater influence per co1Mnunicatlon situation than 


Second, it may be that when
 
,,run-of-the-mill" discussion partner. 


a potential adopter interacts very frequently with an adopter he
 

Constant interaction
 new situation.
to the adopter's
becomes jaded 

its
 

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


with 


On the other hand, when a potential adopter interacts 
impact and effect. 


more likely

less frequently he may be 


with an individual whom he sees 


to inquire about any changes in 
that person's situation since 

their
 

last meeting. This is similar to being asked by a friend whom 
one has
 

a long time, "What's new?" Further, there Is also a
 
not seen for 


as units regardless of the frequency of
 
tendency to treat people 


That is to say that a potential adopter may be
 
interaction with them. 


persons
 
Influenced by the fact that, for example, six out of the 

ten 


with whom he h.s had conversations 
during the preceeding year rcl.Led
 

to his work enterprise have adopted 
a specific innovation, even tlough
 

he may Interact with three of 
the six adopters much less frequently
 

than with his other contacts. All of these factor, suyyebt th.It the
 

Influence resulting from interactl'ti' rith adopters will be neither
 

1 ndenL uf the frequency 
of Interaction nor directly
 

totally i,,j--c


to some power of the raw
 It but rather proportional
proportional to 


a power of 0.25.
frequency, In this case 
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TABLE 4.10 	 Effect of Varying CINFLIJ and CINERT on the Common V'iriance 
between Empirical Adoption Timcs and Simulatcd Adption Timcs 

The f i cp.res in the right-hand three col Limns reprcsent the common var iance: 
between the simulated adoption times and the empiri cal adopt ion iincs. 
In the different simulation runs socioICLtric influeCnce WsriCd slightly 
between 69.2 and 76.1 percent of the total influence on the FImu laL od 
population.
 

CINERT 

CINFLU 	 0.00 0.25 0.50
 

0.00 ....... ............. .0.436 0.457 O.446 
0.25 ........ ............ 0.477 0..483 0..72 

0.50 ....... ............. .473 0. IIr 0.1419 
0.75 .............. .... 0.441 0.413 0.413 
1.00 ........ .......... . .417 0.356 0.352 

• Best-fit run.
 

LiPewise, the results indicated that it war necc.sary 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 influenced 

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. 

Reciprocal sociometric choices
 

The standard simulation runs were made using the sociometric
 

data as collected. Inother words, for the sociometric Interact:ion
 

part of the simulation each Individual could be influenced only by
 

people whom he named as belonging to his circle of discu,.ion partners
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and opinion leader,;. 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; 

the person was named as both a
89 percent of the 106 dyads in which 

nonreciprocal; and 97discussion partner and an opinion leader were 

person was named solely as anpercent of the 115 dyads in which the 

The high percentage of nonreciprocal
opinion leader were nonreciprocal. 


dyads in the case of opinion leaders is not surprising; however, the 

fact that close to 80 percent of the dyads involving discussion partners 

expected a much were nonreciprocal Is surprising. One would have 

lower percent of nonreciprocal dyads. 

of SINDI 2 would beTo chcck whether the predictive capability 

partners weoreimproved if the nonreciprocal dyads involving disCUssion 

of runs was made with three augmentedmade reciprocal, a series 

In the first input deck all nonreciprocal
sociometric input decks. 


dyads with a person named solely as a discussion partner were made
 

to the frequency
reciprocal. The frequency of discussion was set equal 


A second augmented sociometric input deck was
in the original dyad. 


formed in the same way for all nonreciprocal dyads invo,ving any
 

person who was named as a disci -sion partner even if he was also
 

A third deck was made In which all
named as an opinion leader. 


The explained variances
nonreciprocal dyads were made reciprocal. 

in the range of 0.39 to 0.40. It appearsresulting for each run fell 


that the original sociometric deck did the best job of delineating
 

information aid
the communication network for the flow of innovation 


Influence.
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Randomized soceimilric data
 

In order to determine how much of the explained variance was 

accounted for by the communication network as specified in the original 

sociometric dc :k, three runs were made with three randomized sociometric 

decks. The randomized sociomntric decks were constructed by raldiomly 

distributirg the 3211 persons mentiuned, the variable ,AHtED, nnong th 

324 dyads. The frequency of discussion remained the same for a 

particular dyad; only the person mentioned was changed. The expl.ained 

variances for the three runs ,,ere 0.I2, 0.39, and 0. 1 , or an average 

of 0.41. The correlation between the adoption times predicted 

from the best-fit simulation run and the empirical adoption timr-s is 

significantly greater at the 0.10 level of confidence than the 

correlation bet, een the adoption timos prtcdicted from the third 
14
 

randomized sociometric run and the empirical adoption times. Thus
 

approximately 15 percent of the total explained varik.nce was accounted
 

for by the communication network specified by the sociometric interaction
 

data. Examination of tie 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 confirmatiorn to the
 

60 
findings reported by other diffusion researchers that an individual's
 

place in the communication network of a community can affect the time
 

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

4 The correlation between the ttwo sets of simulated adoption times 
was 0.910. For the method of testing the statistical difference
 
between two correlations from the same sample, see Blalock (1960, p. 311).
 



169
 

reporte-d similar findings in their study of the diffusion of a new drug
 

among physicians. 

Raw resistaince factor (RF,.R4ix) 

As was discussed earlier 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 equation 

having attitudinal and economic variables of the individual subjects 

as the independent variables. The other base distributiun wats derived 

in a slightly more complicatud fashion. First, residuals on the year 

of silo adoption were predictcd from a multiple-pirtial recreSsion 

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 prel.iminary distribution of resi

duals was linearly transformed to a new distribution which had the
 

same mean and standard deviation as the multiple regression distribution
 

(REGR14). This new distribution was referred to as the transformed
 

As would have been
multiple-partial regression distribution (TREGRMP). 


expected, the transformed multiple-partial regression distribution
 

(TREGRMP) had a 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 multiple regrc.sion distribution (REGRI4) weighted by f
 

and the transformed multiple-partial regression distribution (TREGR14P)
 



weighted by (I - f). The-symbol f stands for a pure fractional rumber 

between zero and one. A series of five runs was made in which the 

weighting fraction f wais set equal to the values of 0.00, 0.25, 0.50, 

0.75, and 1.00. These runs changed the relative contributions of 'he 

multiple regression distributio, (REGRM) arid the ultiple-partial 

regression distribution (T.REG VIP) to the r ,w resistance distribution 

(REGRMIX). The results are plotted in Figure 4.4, As was to he 

expected, the correlation (as measured by r2) between the regression 

resistance factors and the empirical adoption time(s increased wi[I, the 

Increase in the relative contribution of the multiple regression 

distribution (REGRM) to the overall row resistance distribution (iU:fu.IX). 

The surprising result, shown in Figure 4.4, is that thc correlation 

between the simulated adoption tirmcs and the emi, ric;l aduption times 

remained relatively constant over the different compoz.itions of tlhe 

raw resistance factor (REGRMIX). One might have expected the correlation 

between the simulated output and 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
 

http:iU:fu.IX
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modeled by SI1DI 2. The communication variables, particularly the 

mass media exposure variables, can affect the simulated 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 redia to the potential adopters. 

However, the mass media exposure variables can also affect the 

simulated output through their indirect contribution to predicting tile 

regression resistance factor. One would expect that the greater the
 

contribution of the multiple regression distribution (.REGRM) to the raw 

resistance distribution (REGRIX), then the larcr the effecL of the 

mass media exposure variables on the simulated output via the resistance 

factors in the simulation modul. It appears that when the raw resi stcncc 

factor (REGImIX) is comprised primarily of the multiple-partial regression 

distribution (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 exoosure variables probably affect tile 

simulated output through both the cormunication subprocess and the 

resistance-to-innovating subprocess but in a nonadditive manner.
 

Although 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 at 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 fur partitioning the conmion variance 



172
 

I .o0 

0.9
. A Regress ion res stance x s imu lated adopt in 

0.81- 0 

0 

Simulated adopt;on 

Regression resistance 
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x 
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adoption 

adoption 

0.61 
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5 0---' 
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0.3 . 
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0.0) 
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-
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t. 

0.5 
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0.6 
-

0.7 
*. 
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f, the fractional contribution of RLGRM to REGRMIX 

rigure 4.,4 - Common variances between the simulated adop.. 
tlon times, the empirical adoption times and the regression 

resistance factor as a function of the composition of 'he 
raw resistance factor (REGRIIIX) in the simulation of silo 

diffusion. The raw resistance factor (KFGRMIIX) is composed 

of an average of the resistance factor based on a ,traight 

multiple regression analysis (REGRM1) w'cighted by f and the 
transformed resistance factor based on a nultIple-partial 

regression analysis (TREGRt1P) weighted by ( - f. 
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between the attitudinal-economic variables and the comrn ication 

variables. This suggests, though not: conclusively, that at this 

particular composition of the raw resistance distribution, the 

communlication variables work througlh the communication subprocess and 

the resist.ancc-to-innovating subprocess to make their maximum effect 

on the sirnulatnd output.. 

Credibilit ating of sociometric choices 

Each respondent was asked to rate each of his sociometric choice.s on a 

0 to 10 ladder scale of credibil1ty, which was scaled to. a range of 0.0 

to 1.0 for use as a multiplicative factor in the socionietric influence 

equations (A-33 and A-84). However, the best-fit sim,,ilation run occurred 

when the scaled credibility ratinq for all soclometric 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 Kolmnogorov-Smirnov goodness-of-fit probability increased
 

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 V-!st-flt ,,:. Since 

the time required to explain the ',cale Lu the respondent and to obtain the 

ratings for each sociom!tr;r choice was not insignificant, one 

conclud,. t,-t it 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 SIl'DI 2. The first point Is related to the fact t": 

a large percentage of the socloletrlc dyads were nonreciprocal, 



particularly t'lose in which the respondent was askeC t:o nne people 

with whorm he discussed matters of dairy farmingi It nay be th! the 

ru:sponse to this socion rt ic question is the natural crvdii ii ,, 

filter: respondents for the part did name i 1eoplemost not 1ower iii 

credibil ity and status than themselv", but rotlhcr named people from 

whom they fe.]t they had recc ived useful Inforn,,t. ion over the yvai,. 

It may be that, as suggested earlier, information and influence regarding 

technical innovations flow through sociometric comnmunication channels 

which in fact are very nonreciprocal. This notion fits, in with I,, 

fact that 38 percent of the persons who were named rcceivcd a 

credibility rating of 10, with 79 percent of the persons who were 

nared receiving a rating of 7 or groater. One also suspect;- that IlN. 

test-retest reliability of the credihility wciasure would I. 1nw. 

And finally, setting the exponent (CINFLU) uf the idt iOcLtion frequun.cy
 

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.
 

Communityentry time and dairy
 

operation start-up time
 

A check was made to see 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 dairy 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 simulation starting
 

time, the explained variance fell to a valuc of 0.Ji25 for N of 82. The
 

http:frequun.cy
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commo, var iance between the regress ion rcs i stance and thc cmpi ri cal 

0.435 frow 0.464. On c.onclud.'sadoption tinl.es also fell to a valuc of 


then that inc Ius Ion of the corwi-uni ty cnt ry Ii -r.,
cnd (nt erp, i r 

star-L-up l.imcc has an effcrct on tlhe sir.ult c('output (tl;,fh not qu ic 

statistical ly significant:). 

Numbe r 56'"-I t.ion tri, 

Respondent Number 564 presented an interesting problem. He received 

the hi ghes t IMItmber of sociometric nominations, ; total of 54. Because the 

d( ilaiil of hi:, influence was so large, the t.iie at which he b.icv, 0iia .iopter 

would greatly affect the course of the diffusi on process. Although he had 

buen nominatcd by 54 other persons, !ic Iims e1f ri;icd only o:.e other individ-

LI, riumber 562, as an opinion leadror-di scuss ion partner. Number 562 

en tered the community i, 15163 as an c;tcrnal i Joptcr, v.,hi th t;C1c, rm!,.-tEnt 

would not start influencing Number 5641 until that ti me. 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 hut also to simulate the influencing acti

vity of Number 652. As was mentioned earlier, Number 6.52 wa, an important
 

opinion leader with regard to silos during the 1950's a,,d early 1960's but
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had retired from dair faring seve.1 years before data collection in 1967. 

SinCe Number 652 had not [Men intor\,iwe.ed it was not pos,.lble to inc-1 Nl, hi:-: 

in the simulated populaLion . "The (Xlp!aind variance for th is,run iie'rc , 

to O.494. 

This latter run might have been considered as the bewt--fit run ,,xcpt 

that at the aggjrgcate leV' 1 the fit between the siuinlated and nimpiiirc. l cUML

lative adoption cu,-ves declined noticeably. Further trial-and-error varia

tion of the tuning paramcters in order to improve the fit at the a!yr.ot' 

level would be needed and this migqht chanqe the nMi.ro l.v\ l orr vlat i(n. 

The important is there soei in tIe nicro lv, Ipoint that was.'3s imiprovempi 

correlation when Number 564 was preset as an innovator irn order to 

simulate the influence of Number 652 durir, the late 1950' 

"What-if" run: doubl inq rh',s mod iia I.. _uCt-n 

Once the model has been tuned to the real-world diffsiion process ,mid 

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?'' 

"Concroliable" implies controlled from the standpoint of an ex.ernal change 

agent. Figure 4.5 shows the effect on the cumulative adoption curve when 

the quantity of information carried by the mass madia is doubled dur ing 

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 flrre Gras!, Plot Diffusion
 

In a final series of runs SINDI 2 was applied to the diffusion of
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f raqc b as: plot,; i o c Ut',C d ,(>2 Vn \. . , 

siloi 2,iffusior h, 3J been cIL,:' ur ;: tC:. <. ;: l :, 'l,[,-,I . iI Ii,.
 

Sn1105 .f." ,s~lu b.oon the oI - . ,
 

1 , .'II' ,I , CI;ifIh f K ' i II 1 ' . ;. 01 ' -A iiC ' I', 

fron t h tL,C Lt- ii s irriu Iztion ru'; fOr i , i 'I l: . '. , 

si mu ati lrun to prcdiclf,1 h d..i, , I , , . ( ,. 'C , .t 

the same tu1niig ,l riC2 to rs w d(( 'alii,I.I t ,.,,,' ,,. an ,. 

urcC n4.6 the ra tes of di if Fu or -or th1e iv,v illI.i--,!,i pdi' 


irnateIy e(I ua-l hc d f ,.' k I -
The t1 1 I, .I. 

a L s i 10 1JaU. C1;I-


A ]l tip leI 'I- isS i n I ysis i or",:i r .. 


he t di f 'u; iorl 6 ' C iC !, I i i I . V!I I , , 

I, wa< , '. i ,.,' . 

each s imulated stI,j..'.ct s re. i.<,ti: cuc' :. 1I .1;a r, ,, .( 

Tfa ble . Uri nc---' z z,-- tn n c.nltir i n i li i ,I ;i, . ;; lc \. 

abl,. ioc) ,u I co r t ci it (I • ,.tLc rplc I I : rr.i 

multiple- prartial rrelt.ien alys. cnn ,si:. ,cl aqe -,I iio yzmr ) f,. 

plot was not pe rforred for two reasons. In the s , '1 at on of s i I1c'if ,

. ion, the perc:rit vari anco in the empi rical adopt on tircs c;,pl, Ind by 

the siwm ].llted cuItrut was rel atively in :rnsi tI y v1r i ati,. . iI. kK 6F :'-!I; 

I f the erp i r ica 1 cuiu1 I ve cdc'l)t iC0 CtrvCos 1peorux rima I : t hc Io i , 
growth curve, th-r data poi rs ,hould fall in a !.nI 11 n" whim tey
plotted on semi - Iogar i thri c coord i nates i n the lorli I)(K- P) vtr,- r tu r,..
Thi s i s the case because tne Iogi s t c gJrou,, eq LULi;n/ ccn b-, tra'is fu, .. 
to the linear foro: 

109l" a + bt 

where P m cumulative percent of aduptcrs 
K = equilibrium percent of adopte-rs (in thl t, case, tak.en to be 

100 percent) 
t. -; t m (in this case, calendar ya irs)
 
a - intercept (a n.:nnstai)
 
b - slope (a cons tnt).
 

In F iure .LI, th erlipi :icl cua jlat10 t.V.,i c. ion! !Jiryve. fa0 Si 11iffu'- IG: 
clpprox. i mal e s Lh 1og is tic quite wel ; tho curv Ioragr: gs I)!or D!or 
dif FuS nio dI, sr ;2..: ftV. r aLiu 2 Cl P C. n I rjpt iC,!; 
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determinrd by Liffcren r i..:. of TRrGR P, ,i'.h w,'s ,J t-.h , " 

;,ois, ":puIti pIl rcgr sieii , R-(.t -, ,t . C;! I o . i 

1par 0ut I.hI cI .i1) L , I ,w!'iC II ('. l. ,,r in l m4vjy 

silo alc-lt l (ilon; y ar.Count d f ,r 1 per .,nt; L ' vo-"aIanrc-e i . r of 

adorl,,:)rr,c,f fc,,n 9 plot 

,

,II, e i .,rr: - C:', YC. i A0l' I 

For c C.rss P1 t 
TABI3 .1 I ,4 oo, -Y1', oi o' iC, I 

Thr. o,, - ;! 1.h I ' p 1 (.orre 1 ,n rcc l, ( ,,' . R: , , ..,." ::,
tL! ,l'. k 0 -(1equa! t' Q.2(. 1",o;. 'i', v (.yr. 


%1i ch a ,c t ri U .r l , , t ,
siA Iv un..,("!I IL ti :I, i 
C( to it.on C.- CqUI vl'C;' t iil o r is i r-,. t:, ct a ' i ,! i, : . _1 

At t i t i n 'C- Bc la Col I k aIoto" 
C lK ,', .,,,t,'
ecor ,:;r. " .1,. "; W,i2t! 1 .. ii 1iUI . 

Pv,) iI i cr 1eit i li ";,.{rd 0. 0
 

Farm C l ti v,,Aor, rv':.ec (lug ) .00.2; C.'
 

Stable r xw r , .,. - ...
 

.aBased on thu i ti'n 'If a prcison a I ready has the vreans for Ii v inq 
(b) risk part o'comifortably, do you think he should (a) b,-!snatiffed or 

what he has. in order to improve the future?' 

bAn index found by weighting the use of manpower, horosepowr, ox 

powver, and tractor power.
 

CSee Table 3.3.
 

The mass media message inputs dealing with forage grass plots
 

for the case of silos. 'Iable
were determined in the same manner as 


analysis of four magazines to determine the
4.12 summarizes the content 


quantity of information carried about forage grass plots. Oveall,
 

12 percent less information about
these four magazines carried about 



silos. "Th,. information
forage grass plots than in'formation about 

the message
inputs from the other magazines were estimated to reflect 

the
 
inputs from these four magazines in the manner 

dic;ussed earlier in 


to carry the 
case of silo information. The newspapers were assumE d 

plots as about silos.about forage grasssame amount of information 

the Use of Forage Griss Plots
 
Quantity of Information about:
TABLE 4.12 

Appearing in Four Agricultural Magazines 

on content analysis of 
The data in the right-hand column below are based 

from 1963 to 1967.selected issues in the period 
Average 

qu.ntity of 

Iumber infort. at ion per 

of issues six-month period
 

analyzed (square inches)
Magaz ine 

Revista dos Criadores . . .. . . . 

oo rco ttia . . . . . . . . . . .. 
21 

17 

27 

5 

O Dirigqntc Rural .. . . .. . . . 26 215 

A Realidade Rural ... .. . . . 28 310 

at 1955.0 with 10 perct.nt of the 
The results of a simulation started 

.')pt

88 subjects preset as innovators and with Number 564 preset to 


follow .The simulated curveFigure 4.7.
at 1957.5 are shown in 

thc. rectedin the case of silo diffusion;
empirical curve better than 

is 0.86. However, good agreem.

Kolmogorov-Smirnov probability 


two diffusion proce

the aggregate level Is expected, since ,hc 


ane dlso the discontinuity in the emp
 appear to be so similar, 


case of silo diffL
is less than in the
adoption curve at 1966.5 


four channels to thc,
The percent ;ciitrlbution from each of the 

the simulated population is as follows:
Influence on 
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e nc,~1C , ':p .jo
 

I C .. f . , ,h W.: V ,d LI ! . -. t 

AL~~~ ~ 1- .~ Ibo t i I:I: Iu' L xp .. -. ' .. : ,.'c 51 N ':O.i 2 L "4 .) A--i .. . V ... . . ,i.. I . ,r r; 

!/:bIN!.l. ,-,. .. .. ' .. r '.,r L',,- . I .'.Fl 2 . '.... , ' !, :' . \.'2;, 

Cq,o ... , .,,<., -f r.,' ,. ,;Cln: .r 

l~d:pto * '.:on'' : '.;. Aee: v,'hil .- .
 
s1ILJoc t 2dopted tf: tc"._- e gr:,.; ..
 

<:,Ler, ~ '. ,e , i r, "i.t fi l . i ndiI vid-6j;v e, 

.I,.:Ln • '.
Cor r .. c:r.;i>'p. 

Va-liibl! I.r,
 

Sir'u1ated arf-Lon x:empi ric~q] crT,,,to.;,- 0 SI7 C :;/
 
I{..:'=,r sio : n C: .. ..L . CiO:C r-. .ta ; r ,ic-) I f, i-;., li c' 
Recjression resistance 'd.:Iptin O.7,
. r"iula-d 

I.near regression inode of innvalion diffusion (oIChID)
 

Predicted adoption ral-world adoption
g O.14. 

empirical adopt io I tnes and thu p'rformec! so,.watI better than he ircSr 

which - :imz,j,0e0,,y 21rcjress ion rodel Tpl u I;r,. p p peisCtaL ci tr, 

How ver, SI) I 2 expi ained only o!,.,ut hailf ,F .,ch of t:U vo:,,'i(.Q Ir, 

adopL tinris ft, ifHf. n.C,.eri ri cal on in the r:..:,of ,',,.loi: plo t d fi iort 



it explained in the case of silo diffusion. The controlling factor
 

in this case was that the regression resistancc explained only 21 perce.nt 

of the variance in the empirlcal adzpticn times while accounting fo:
 

approximately 62 percent of the varlarcc in the srumlated output, The 

ability of SINLDI 2 to prcdict the empirical aduption times was constrain_.d 

from the very beginr ing by the low co relation hetw:en the resbi ,tonce 

factors and the empirical adoption tines. 

the randcml2ed sociometricA series of runs was made using three 

decks which were used for sensitivity testing of SIWI) I 2 in tha cse of 

LXsilo diffusion. The variances in empirical adcp.io, tires xpi i ned by 

the three runs were 0.25, 0.20, and 0.23 for an average of 0.22, TOe 

variance explained by the standard simrulation r.n (0.2) was h gier, 

but not significantly, than the variance expiair,cdby the third 

randomized sociometric rjn. 

In the application of SINDI 2 to predicting the diffusion of forege 

grass plots, one concludes that although SINDI 2 performed well in 

producing a simulated cumulative adoption curvc at the aggregate level, 

It did not predict the individual adoption times very well at the micro 

level. The author feels that the low predictability at the micro level 

resulted frum the low reliability of the empirical data on adoption
 

times for forage grass plots.
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CHAPTFR V 

VALIDITY OF SI1DI 2 

Now we shall discuss the general vlidity of SIIIDI 2, first 

considering whetur SIND! 2 is a val;d moidel of thr, particular d1ffu:,ion 

system discussed in Chapter III, and second, considering to what extent 

SINDI 2 may be generalized to other situations.
 

Validity of SIIDI 2 

Iermann (1967) has su[ggested five criteria for judgiiic the \,alidity of 

a simulation mod l: (1) face validity, (2) intert,;l v lidity, (3) event 

validity, (4) variable-parameter validity, and (!') hypolhe:is validity. 

The vdlidity of SINDI 2 a applied t3 th,- diffuzi'i.w: ,f silo' ;n: fora,,ge 

grass plots in a rural Brazilian township will be di.:,cusse-d in terMs of 

these five criteria. 

Face validity 

Face validity is the prima facie plausibility of the overall structure 

of a simulation model. Are the important entities, variables, and sub

processes of the real-woild process adequately taken into account by the 

model? The survey of dairy farmers in Conceiao 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 SI1DI 2 appears to be plausible. However, the field 

survey also indicated that other sourcces played a role In the 
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di frfusion prcess. These -owrc:cs in,.lu'Jcr dairy frrw'.rs Iiving outside 

the communi ty, f-liers PnO brochures', agrit:uItur&.! fairs, technic3l 

exper ts, stores coperatl vi. c-nr.,erc al extension agents,.-nd , l crn' ; , 

special mee:tings, aod agricoltural .chols. The influence from these 

sources was not simulated because thcir role in the diffusion prozess 

was difficult to morel adequately or they played a relatively unimportant 

role in the o,,,erall diffusion process. Discussion of some of these 

specific sources follows.
 

As was nentioned earl ur, approximately 20 percent of the socio

metric choices made by the 88 simulated individuals were with individual,. 

outside. the simulated population. There was no easy way to simulate 

directly the influence on the simulated population from individuals 

outside the population, "he assumption wab made that the individuals 

not included in the slih,.ulatad population, would not Le too buch 

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 accrunt that some of the potential adopters among
 

the simulated populati be Interacting with adopters outside
 

the simulated populatio:.
 

The role of agri.u1i. 'ral schools in the diffusion process was not 

modeled by SINDI 2. Th. questionnaire did not make itclear whether
 

reference to agriculturil 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 fi rs,,. ard ,.ost inf'c':vtial source. Flc-,ever, olly Suhio1 511 

re po rIcd ft enn, o a;r ag r :'I 1tu ira-a CFooo I , a s t Id ;nt , r I ng t .h
 

simulntion runs e,.jb.j ct 508 ,.as prc' t ;is z;- i nii 
 tCr. In :hc case
 

of fc rjqe rrc:s plot :.liffusion 0-rco s, ': .-tJ (506, 50w, 
 547? ) s3icl 
th. agri cul tur I schcol at Lav', , tbc: first and .:st i;;fluent ia] 

source Prd one sub jc.z' (513) r-rct 1r-nc the agricul tural school at Vi c', 

as a first and m.. ir fluen:.-i *l ,ource. (.1 c,.sa is !oou(, 200 miles 

distrint.) Two of these subjects (506 a-id 313) repori :.d artcring an
 

agricultural school 
 s-u.: i,, During 'he s imul c r io rL):iS Subjer;t 5,3 

was Dr,.et as an inrrwtor, arlt Subject !.06 was pre:,..t as an e):tern.ol
 

a dTt .r, Therefore 
 a c(.rtai, amount of distortion wvi.! intrcduccd into
 

th - slnmulation runs by only allcr..,ing the simulated irdividuals 
who had
 

indicated that an agricultural school was the 
 main source of influence
 

to be a1 fcc ted in rhe shmulation ruris by -'mass ..d;rcedI a -id ntc 

comn:un i ca t ion. 

Folders and brochures w,re mentioned as frequently a. r5aga7lres 

and ne.spapers as sources of inforMation about both silos and forage 

grass plots. Although the author had calcted samples of brochLu:.es 

and folders printed by various organizat ions about silos and forage 

grass plots, it was not possible to obtain much data on where and under 

what circumstances each of the particular folders might have been 

avallable to the farmers in Conceia'o. 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 Conceiio 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 hod been i nform.:d and/or
 

influenced By a tethnical expert to adopt a silo or forage gross plot.
 

These tecl:nical ts ass.ciated with the C.a' inas
eYpr wete Irstillute 

(an cgricultural research Ins itute near Shc Paulo,), the Bank of Brazil, 

thn rlustl6 Corper .tion in Trs Cora cs, :nd the, Ruiol Univcrs ity ,f 

hWras Gerais. it would havc been inpi ztca;i to s iul te the influeLre 

frcm these few but varied sou-c.ws. 

Mo3t of the rem.1in rg suurces (acri':.l.ral fairi , vtore. "nnd 

a ,p.'r~ti.es, con;erc'a1 apcints, exte;:sivcn P nin , IIi .y: I.o,, 

CO,,,TunlIiv:s, aid special .tcngs) ware mun itoned lC.s T:e prt~ 'l, a. 

gere.al sources of informaitin and mucn. less frWquuntly as r3.stn 

nflOr, t source han the sonurces which were inclu ded in tlhe nodel. 

In consideving fare validity, it K also neccssary to discuss the 

hiich ,,,in of car, indiv:tual p.r:.c.-..the VP&Fion.-nak...inc pro,.csses 

adopter were modyled in SIUIDI 2. SINDI 2 did not actually ,'c -1 e'h 

individual's irnrnation processing and decision-nmaking. To have done 

this aould have carried the model to a level of detail that w6s not 

warranted by the resources available to conduct this type of field 

research nor by the accuracy and reliability cf the other types or 

data utilized in the simulation. Instead, it was as;umad tham when 

the cumulative sum of influence from the various sources excfe'Jed an
 

Individual's resistance factor, he became an adopter. The re-istance
 

factor for each individual was predicted using a multiple regression
 

equation with attitudinal and economic variables as predictor variables.
 

This method provided a crude but simple mechanism for simulating how
 

Individuals with different resistances to Innovating respond to the 

Innovation messages which Impinge on them iom their enviornment. The
 

http:p.'r~ti.es
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method isnorts such phenonena ;s forg'.t Linj past pc rs u-.s '. cn.muu i '..t nU!':: 

an well ao the purposeful delay in the actal advptior' of a part uiar
 

innnvaticn ,ecause of lack of materials, 
 credit, or other more: r.rcssin
 

tasks at hOn&d. blis r,:zthod is not a very soph'isticated mWt hod for
 

harn1ling tho impurtant dic'Ziion-Ming subprocess part oas the ove-I 1
 

di ffusion process, but on' which the Puthor thoug!ht 
cons i.to it wi th the
 

level of etail przse:L in this rest of tie odel,
 

SiNDI 2 also does not 
take into acc,. .i t the po.;sIi-ility of ne':; t 'e
 

communication 6Bout 
 n innovation circulcrig thro:,gh the social bysto.:
 

This did not mattar so much in the particular real-.world situation 
to
 

which 1N Dl 2 w s .pplied. In this carp it
was a,,u . by the au:.:."
 

that oncc the innoy:t:ion had N;iffused 
to AboMt 10 perc,.t of the por'!.jI ,-, 

there would be very littla nagativo :cm ication. Tne prisence of 

n.o,'tiv'e cornrmi cation '...li h vu rohabl y, .r. m ,:i ; :d in n r'latj v,,'
 

high disadoption rate. 
 In this situatio., ho.ever, none 
of the ado:tgr.i
 

of the silo in Conceik had reported disadooting the innotation and
 

only one former had discontinued the use of his 
forage grass plot.
 

Althou'jh SINDI 2 did not 
specifically model 
negative commnication
 

about the innovations 
it did take into account an inertial effect on
 

a potential adopter resulting from the presence of noradopters 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 alopters among
 

an individual's circle of discussion partners. 
 However, an individual's
 

IAnstutz (1947, pp. 153-24.)has included in his models of consumer

behavior provisions for forgetting, selective perception, selective
 
retention, selective exposure,
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ipfluence score was never oallowcd to drop Lcow ztro with respect to 

ti-e inrovation. Therefore it was not possible In SINDI 2 for an irdi, ,ual 

to hold a ne~..lve attituce toward the inno.,tion. 

In formulating SINDI 2 it was also assur.ed that many of the parcmeters
 

and entity attributes were independmnt of time. For example, all mass
 

media exposure probabilities wcre 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 netwcrk was also assumed to remain constant 

over the course of the simulation with one oxception: individuals who 

migrated into the community were not considered part of the network 

until they had entered the community. Again, it is likely that the 

patterns of fri ,n .hi, End c,;,'mni,:.t on chanL;c over t01-0c. AS w, 

mnrntiond criiier, one diairy former who was named by twlve farmers as 

a first souce of i, o:na1,icn about silos arc by six farmers as a mosT 

fuertl i source lad retired scl year.veral .eroE tie data collect!or 

and therefore won nt inciude6 in the simulated population. It is 

difficult to estimate lew much aistortion was introduced by the assump

tion of unchargirg ma.s media enposure prob:bilities and an unchanging 

communication network o\er 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 particular innovations to which the. model was applied,
 

SINDI 2 is a plausible representation of the diffusion process.
 

http:assur.ed


Irnternal val di ty-

Intc rnal v lidity is thE ctent to wlich the irtur,,l o':rtic ., if 

the modrl are logicy.lly consigt,:irt, lerrann suggests I at h' i crq i,

',alidi ty of a stoc.hastic model is high when the variance cr the oL',., 

variables between runs in whiclh the input, are hid consuntV 4-; :11
 

However, in the case of a deterministic., expected-va 
 ,,r model like 

SINDI 2, there will be no variance between runs with the sani. inputs. One 

check of the internal logical structure of a deterministic model is a
 

close inspection of the logic 
of the comiuwer program itself. 
 During
 

the program debugging and testing of SINI) I 2, several logic err rs in 

the computer program were detected and courcnted, 
 That bein the case
 

SINDI 2 as a computer progr-am is deemed to be 
logically consistent. 

Another check 
on the internal validity of SINDI 
2 is tlhe inspectI M of
 

the percnt qe =en ributinns of the 
va riiou: subprocess of the Woe, 

to the simulated nutput. SINDI 
2 t,.<eq LiWo account two b'sic prcesss. 

The first 
is the flow of infcrmation and influence through 
the mass
 

media and interpersonal comnunication channels. 
 The second important
 

subprocess is iniovation decision-making by each potential adopter. 
In 

the casen of both silo diffu-ion 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
 

connunication processes which were simulated in SINDI 
2 must have
 

accounted for the rerainder of the variance in the 
simulated adoption 

times -- approximately 40 percnt. The conrunicatlon processes would
 

take into account differences among the simulated Individuals 
in their
 

exposure to the nos:; nad 
- mossages, as well as diffcrences In their 
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values of certain of the paramelers may have to have been determined 

by the empirical trial and error comparison of the simulated results 

with the rcal-wcrld results until satisfactory agreement is obtained. 

Since the vlues of these parameters have bcen enpirical!y deternincd, 

the sensitivity of the overall model to chl;a.es In these values must be 

assessed in order to determine how importent accurate values for these 

pararn-ters are to the functioning of the overall model, The way in which 

the r;cdel behaves in response to changes in the input parameters and 

variables can nlso be used to make inferences about the overall validity 

of the iyodel. 

For example, the reason that SINDI 2 should be an improvement 

over the linear regression model for predicting patterns of innovation 

diffusion i; that the simulaticn model explicitly takes into account 

to:, interpersonal confiinication which takes place within the cornmunicatiur 

network c the connfunity. When a series of runs was rr,.Je in which 

randomized soclornetric input decks were used in place of the regular 

input data on the socicmetric interaction patterns, the percent of
 

variance explained in the empirical adoption times by the simulation
 

model decreased by 15 percent. This particular sensitivity check on
 

the effect of the socion:atric input data provides a partial validation
 

that the model does adequately represent one of the Important sub-.
 

processes in the overall diffusion process.
 

The sensitivlty 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. Itwas
 

Found that the maximum explained variance occurred at a set of values 

for the Influence parameters (CMhAGN'. C ADIV, CI4LORC., and CNEHBR) which 

http:chl;a.es
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resulted in the sociometric influence accounting for appr":xinately 70 

oer:-ent c'f tle total influencc from all sourc,.s on th- simulated popu

latlon. The influence from the print neclia accountcd for el-out 25 

oercert ,,hile the influen:- fro- the one radio pro!.ra.r, aird the inter.ictic,.' 

wv0 aJocters at the meeting. of the cooperative accou'.tntd for about 5 

percent. Although no sensitivity runs were made inwhich the percentage
 

contribution from the radio program and the cooperative meetings,were
 

varied, on the basis of the experience with the multiple correlation
 

analysis one would not have expected any improvement in the overall
 

explained variance by the simulation model. Thus the percentage
 

distribution of the contribution of each one of the simulated sources
 

to the totzfl irfluence on the simulated population seems reasonably
 

plausible. One would have qo::Fstioncd the validity of the mcr'el, for
 

examo!4., if the sociorretric int.racticn had accounted for only 5 percent
 

of the total influence.
 

In the case of the sensitivity checking runs with the sociometric
 

interaction paramaters (CINFLU and CINERT), it was found that the
 

influence which resulted from interaction of potential adopters with actL al
 

adopters was not a direct function of the raw frequency of interaction
 

but rather a function of the raw frequency raised to a power 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 was irrtport-nnt to Include an Inertial effect from a
 

potential adopter's interacticn with other discussion partners who had
 

not yet adopted the innovation.
 

As a result of the seisitivity checking runs summarized in the
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paragraphs above, one concludes that the values of the "best-fit"
 

the sane
parameters seemed reasonable within their own context and at 


time caused SINDI 2 to behave as a plausible mo&el of the overall
 

diffusion process.
 

Hypothesis validity
 

to the extent that hypothesized
Hypothesis validity 'efers 


relationships between two or more variables In the observable universe
 

are also present In the simulation model. Hypothesized relationships
 

or they can manifest
 can either be programmed directly into the model 


a by-product of the complex interactions represented by
themselves as 


the various processes simulated by the model.
 

The first case is an answer to the question "Have the important
 

r^1.n 1h'; wrIh.' th, real-.orld orocess heen explicitly
icte-ize 


i::,,-:lthe designer of the model?" For example,
 

Lost diffusion r',se.arch has shown that the attitudinal and economic
 

io 9 rr;-.-d i'itc by 

characteristics of the potential adopters have an effect on when potential
 

This relationship between noncommunication
adopters ado: an innovation. 


innovation adoption is explicitly introduced into
variables and time of 


a
the SINDI 2 model by as!,ociating with each simulated irdividual 


resistance-to-adopting-innovation-X which is predicted by means of
 

multiple regression from the attitudinal-economlc variables.
 

it is not always possible nor desirable to program
However, 


explicitly into the model all the relationships between variables of
 

the process which are observed in the real world because, at worst,
 

the model may become over-determined and not function properly, or
 

In the
at best, it may lack parsimony which Is a desirable goal 
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development of any scientific model.
 

Thus, a more stringent test of a model in terms of hypothesis
 

,validity is the extent to which the model manifests 
 relationships of the 

Veal 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 localite 
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 
inTable 4.9, 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 rLi resistance distribution. Nevertheless,
 

it istrue that the relationship between the print media exposure
 

variables and the time of adoption isnot 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
 



198 
/ 

who have adopted as a function of time usually takes the form of an
 

S-curve, also referred to as the logistic 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,
 

under hypothesis validity we can specifically discuss the shape of the
 

curve. As can be seen from the plots of the simulated curves in
 

Figures h.2 and 11.7, 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 results. 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 another 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 I 

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 

purposes 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 expect that differences in the 
integration of the
 

rates of
 
communlcation network within the community might affect the 


diffusion. These differences would be handled by the specific 
inputs
 

Other differences such as
 which summarize the sociometric data. 


thiose in the general level of exposure to the mass media would also be
 

There also may be
 handled by SINDI 2 in terms of the input data. 


differences in the average level of attitudinal, demographic, and
 

economic variables which in the original community have shown a
 

resistances to adopting innovation X. In
 
relationship to individual 


order to take these latter factors into account there would have to be
 

a slight alteration in the procedure for handling 
the simulation
 

2 linearly transforms the raw
 
resistance factor. Currently, SINDI 


been predicted externally by multipleresistance factor which has 


partial regression to the simulation resistance factor which is
 

Once this factor has been properly scaled
 a ratio scale.
measured on 


to transform the
 
In the original community, it would be possible 


in the regression equation(s)'so that the equation(s)
coefficients 


would directly predict the transformed simulation resistance 
factors
 

the similarity of the new community
for any community. The greater was 


to the original community, the greater would be one's confidence about
 

using the regression equation(s) to predict the simulation resistance
 

influence

factors for the new community. One would expect that the 


and the sociometric interS-Lion parameters
parameters (CMAGNW, etc.) 


In summary then, we would
 (CINFLU and CINERT) would remain the spc. 


,nulating the same innovation in a
 
conclude that for the case rf r 


uld only have to alter the input data associatet
 ...
different setting, one 


In the new community.
with earh inehi"Xoual 
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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 organizations would remain
 

the same for the simulated population. Likewise, 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.
 

Even 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
 



202
 

Thus, one would not expect that a general regression equation
cattle. 


would work equally well for all innovations.
 

assume that the soclometric inter-
Although It is probably safe to 


media
action parameters (CINFLU and CINERT) and perhaps the mass 


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
 

for all
basic communication and influence processes work the same 


Given a certain frequency of conversation between two
Innovations. 


innovations would be
Individuals, one cannot assume that both 


that the persuasive influence of
discussed with the same frequency or 


situations.
indirect, nonverbal communication would be equivalent in all 


For example, the persuasive influence per unit interaction is probably
 

it is in the case of keeping mllk
greater in the case of a silo than 


production records because milk production records do not have the visual
 

Also a farmer might consider
Impact from a distance that a silo has. 


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 community 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
 

least some of the tuning parameters.
values for at 


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 regression 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 expressed 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
 

a general computer-based model which simulates the
 
SINDI 2 is 


in a community are Influ
communication process by which individuals 


enced to adopt an innovation through exposure to various types of
 

media -- magazines,
those carried by the mass
persuasive messages: 


those encountered
 
newspapers, radio programs, and television; and 


in pairwise meetings and at
 
through interaction with adopters 


local organizations.
meetings of 


a set of fixed attributes
is
Associated with each Individual 


which determine how the individual behaves during the processing of
 

These attributes, which do not change during 
the
 

the model over time. 


are as follows: probability of exposure to
 
processing of the model, 


each issue of the various print media and to each program of the
 

various electronic media; probability 
of attendance at mept! .- " 

the time at which thr, ;o,;vidual enterc- the 
each local organization; 


community; the time at which Pr began his work enterprise; 
and his
 

raw resistanco ri-.adoptng-innovation-X factor.
 

In the community
Ihe communication linkages between individuals 


2 in the form of soclometric dyads, each dyad
are handled by SiNDI 


representing a potential one-way flow of Information and Influence
 

in the simulated population. The attributes
between two individuals 
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associated with each dyad include the identification numbers of the
 

"namer" and the "named," the probability of daily 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
 

channels 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. Potential
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adopters who migrate into the community after the start of the
 

simulation run may not be influenced by adopter: within the community
 

after they have entered the cCiOmunity. Individuals who start
until 


their work enterprise after the start of the simulation run may be
 

subject to influence from the various influencing sources during a
 

specified persuasion period prior to starting their enterprise.
 

Although some of the attributes in the model are expressed as
 

probabilities of exposure or interpersonal interactiol SINDI 2 is
 

a

processed as a continuous, expected-value model rather than as 


on the use of a random number generator
stochastic model which depends 


take place. During each simulated
 to determine whether or not events 


2 computes the expected value of influence on each
time period SINDI 


media
potential adopter from innovation messages carried by the mass 


square inches of print or minutes of program time) and
(measured as 


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 Individual's circle of discussion
 

partners reduces the amount of influence on him resulting from
 

When the cumulptive sum of influence from
Interaction with adopters. 


these various sources exceeds an individual's resistance to adopting
 

Once an
the Innovation, he becomes an adopter. adopter, he is then
 

capable of 	Influencing others in the community to adopt.
 

2 was first applied to simulate the diffusion of silos
SINDI 


among 88 dairy farmers In a rural township In Brazil. Input data
 

means of a survey
for the simulation model had been obtained by 


The survey provided the data
conducted by the author In July, 1967. 
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required on the attributes of individuals and the sociometric 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 attitudinal-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 curve. 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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for silo diffusion. Application of in the best-fit runvaluesdtermined 
case because it had been
 

fashion represented a special
SINDI 2 In this 


determined from the empirical data that forage grass plot diffusion
 

rate but with a lead time of 1.6 years. A
 
proceeded at the same 


seven
 
straight multiple regression equation which 

was comprised of 


economic and communication variables was 
used to predict individual
 

SINDI 2 explained approximately 26 percent of
 
resistance factors. 


the variance In the empirical adoption times for forage grass plots,
 

the case insilo diffusion but somewhat
 considerably less than was 


percent predicted by the linear regression model.
 
more than the 21 


The author suspects that much of the decrease Inexplained 
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
 

on the basis
2 to the diffusion of silos, and 

application of SINDI 


the following conclW.ions
 
of a series of sensitivity testing runs, 


tentative bc-.,,,se
 
may be stated. These conclusions obviously are 


very

they reflect the application of SINDI 2 to simulating only 

t 


similar Innovations in only one community. 

uutp "-'m the 
Approximately 60 percent of the varia';on 

in t--


t 71 irulated adoption times) was c:..i ,.I by the 
slmulati-' model (I.. 

introduced into the
 
Ind;v;"" 1 attitudinal and economic variables as 


simulation through the resistance-to-lnnovatlng factor 
which was
 

predicted from these variables. The remaining 40 percent of the
 

variance In the simulated adoption times must have resulted fron tl:
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communication processes which were simulated by SIiIDI 2. Whether this
 

is an accurate reflection of the real-world ishard to tell, but it
 

seems reasonable.
 

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 

ane 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 inan 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
 

attributed 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. Itwas also noted that 80 percent of the sociometric choices
 

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 empirical adoption times decreased markedly in
 

runs In which the sociometric choices were made reciprocal. These two
 

results suggest that the best measure of source credibility was 

whether or not a 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
 

non reciprocal.
 

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 %hich a person is located in Lhe communication network 

can affect the time at which he becomes 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 

print media, 24 percent; Interaction with adopters at local meetings, 

3 percent; and exposure to the one agricultural radio program I 

percent. Not too much 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 conducted. The sensitivity checking
 

on the percent contribution from sociometric Interaction and from the
 

Print 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 inwhich the quantity of mass media
 

messages 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 tlmes. 

SINDI 2 is a dyn~mlc 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 conteollable 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 paiameters it is 

difficult to exhaust all the possible combinations that could 

contribute to an improved 'best-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 3pplied to other diffusion 

systems in order to see If the results reported herein hold true. 

It should be noted that although itwas 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 frequency 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, insome cases this data may be retrievable
 

through the content anal sis 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 commercial agcnt.
 

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 innovation decision protocols.
 

These latter suggestions for making the models more complicated
 

have their 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 inwhich 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 relationships
 

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 agricultural information disseminated by this radio
 

series. Note 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.
 

[Ra'dio Inconfidgncia, Belo Horizonte, Minas Gerais
 
Farmer's Hour
 
Produced by Dr. Jo~o Anat6lio 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 hy the agronomist Dr. Jogo Anat6lio 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, Guaraparl, Espirito
 
Santo, and Mrs. Emilia S. Mebus, Cascatinha, Petropolis,
 
Rio de Janeiro.
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[Commercial]
 

Announcer: In the musical supplement we will focus on the I.P 
"Tr~s
 
Duplas e Doze Modes" of Sabia. [Three duets and Twelve
 
Folksongs.]
 

[Musical selection]
 

Announcer: The bees will 
finish off Brazil, a specialist on beeE said
 
the other day. Mr. Manoel Bernardes de Barros said that in
 
ten years the African b-es will dominate Brazil, becCE;uc

of their migratory instinct and their ahi 1ity 
to repreNduce

quickly, and beCause of the lack of resources to control
 
them. We believe the infest,-tion of lbra.-i I by African bees
 
is possible. An example is the introduction of pardais

[a bird] which, after it became used to the clim-ate and
 
environment, turned into a plague. 
 As for the bees, there
 
is a solution. One scientist proposed that 
if the flo.,ers

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 Guarapari, Espirito

Santo, we received your letter. 
 Thank you for the recipe
 
you sent and also for telling us that you are ° rt
a cons
 
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, I
 
kilo; bone flower, 500 grams.
 

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 rooder,
 
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, buddyl 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 I ate her husband about a year
 
ago. He was the circus trainer, and I ate him exactly
 
on a Thursday."
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Announcer: 	 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 fol lowing: manure, 15 kilos; superphosphate, 500 
grams; potassium chloride, 100 grams. 

(Station identification, commercial, etc.]
 

Announcer: 	 News from the School of Vet.rinary. Dr. Jos6 Cisne 
Uchoa de Aqui, o, veterinarian of the National Agrarian 
Institute in Ceara, 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. Jos6
 
Aquino will remain in Belo Horizonte until December of
 
next year.
 

[Musical selection)
 

Announcer: 	 Dear farmer: the 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 arc 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.
 

The "national wheat," which is never enough praised: It
 
is worthwhile to remember that on August 12, 1937 (thirty
 
years ago), Rio de Janeiro and S 'o Paulo newspapers
 
published this news: "President Getulio 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
 
importing 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.
 



APPE1NDIX B
 

A FIELD INTERVIEW WITH A DAIRY FARMER
 

IN CONCEI ,XO DO RIO VERDE
 

A month after the field survey the author returned to Concei(ao
 

do Rio Verde to conduct informal, tape-recorded field interviews with
 

several of the original respondents in order to obtain more insight
 

Into the Innovation decision-makiny 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 tot'ally 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 Conceijlo), he was 32 years old, had moved 

into the community after his marriage about eight years before, had 

nilie 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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distinction between the use of sugar cane as a fo.rage 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 	interviewee did not consider adopting the use of tick pesticide
 

until after he began using a Dutch breeding bull to improve his
 

herd.
 

1
 
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 where
 
did you obtain information?
 

Res: 	I had a brother-in-law who had a silo and I saw the way he used to
 
fill it. It looked good, and it seemed to give good results. When
 
I first built a silo, I didn't take a loan for it because I
 
didn't know that there was a loan available from the Bank of Brazil.
 
At that time I only had taken a loan at this bank to improve
 
coffee; I didn't know that the loan for building a silo was
 
available. I had already wanted to have my own silo at tha: .ime,
 
but I was not in a financial position to build one, you kno ,hat I
 
meant My financial position improved, and the period of fi,
 
years elapsed, then I built a silo, but on my own without ar,
 
financing. The first silo I built held 28 tons; the second w e,
 
built last year holds only 20 tons.
 

Int: 	Would you tell us yotr !ource of irilurmation about silos?
 

Res: 	Brc-.. .. my father's farm. There nobody used
i ,urrled, I lived on 

s!lob. After I got married and came up here I learned about
 
silos on my brother-in-law's farm.
 

I lnt:" indicates Interviewer; 'Res: Indicates Respondent.
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Int: 	 Did he already have a silo? 

Res: 	 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 si lage, has 
the advantage over sugar cane during the frost season. We can 
fill the silos (luring 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.
 

Int: 	 Do you know anybody here who has a trench silo?
 

Res: 	 Yes.
 

Int: 	 Does he say anything about his silo?
 

Res: 	 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.
 

Int: 	 You use forage grass plots, don't you?
 

Res: 	 The forage grass plot that I use is sugar cane and Napier grass.
 
I tried the Guatemala grass also, but I 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 ....
 

Int: 	 Is sugar cane considered a forage grass?
 

Res: 	 I think It Is in this region. 

Int: 	 For how many years have you used forage grass plot?
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Res: 	 I have been using forage grass- plot for 16 years, but when I was
 
farming at my father's farm, I already had sugar cane. This means
 
that I knew about sugar cane there at my father's farm.
 

Int: 	 What were the factors that led you to use forage grass plots?
 

Res: 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 season with the frost means that if 
we don't have 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. 

Int: 	 What is the price, more or less, for planting a forage grass plot?
 

Res: 	 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. It needs
 
four or five cleanings every year so that it won't die out.
 

Int: 	 Did you make any loans for forage grass plots?
 

Res: 	 No.
 

Int: 	 How long have farmers here in this area used forage grass plots?
 

Res: In the old times they only planted sugar cane here -- these farms
 
here had sugar cane mills. They used sugar cane for sugar, for
 
pinga [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 S~o Paulo. That's where they began to use it. Then it
 
came slowly to this area here.
 

Int: 	 Why do you use Napier?
 

Res: 	 Sometimes I mix Napier with sugar cane, and also the Napier that I
 
have here is good for the rainy season. I give my cattle Napier
 
all year round because I have little pasture. This makes stronger
 
cattle and a better average of milk. I have a pasture of
 
80 hectares [one hectare equals 2.47 acres] where I have to keep
 
an average of 40 cows. I would need some 15 more hectares of
 
pasture if I were going to keep the cattle in the pasture alone.
 
But with forage grass and the silo, I 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 I built the silo and
began to use the forage grass, my average went up. When I ca-me
here there were no cattle on this farm. The farm belonged to my
wife and she rented it to her brothers beCause she ws a minor ;nd
she was studying. When I came up here my average was 100 liters
of nil k per day on the farm. After I bU ilt the silo and began
using forage grass, I started getting 200 liters of milk per day 
on a yearly average. 

Int: 	 Do you have a forage grass chopper?
 

Res: 	 Yes, I do.
 

Int: 	 How did you buy it?
 

Res: 	 Through the Bank of Brazil 
-- both the chopper and the motor to 
run it.... 

. . .	. . . . .. .
 

Int: 	 When did you first hear about tick spray?
 

Res: 	 I first heard a neighbor talking about 
it -- that he had bought it 
and that he had a bath and a shower to apply it. I saw that his 
cattle were much better. Then I 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 n'ot 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. If I didn't
 
have the bath, I don't know whether I would still deal with
 
Dutch cattle. Another of the first factors was 
this: I began

by putting a Dutch bull here 
to improve my cattle; therefore, I 
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.
 

• 	 e ' .*•. • e 
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Int: 	 When you build a bath is it necessary to ask for a loan -- how 

much does it cost t6day 	to build a bath?
 

finances everything for 	building a
Res: 	 Today, the Bank of Brazil 

one here that I use was 	not built by us. It wasbath. But this 


bui l.. by ,ay fathLr-in-law; that means it is an old bath.
 

You didn't take any loan?
Int: 	 Didn't you borrow any money to build it? 


Res: 	 No, this bath is on my father-in-law's farm, and I take my cattle 

there. 

a bath?
Int: 	 Here on your farm do you have 


Here I only have a hand sprayer. Now I take the cattle to the
Res: 

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 fath:r-in-law 

left, and the farm is now my brother-in-law's But the [.,th still 

it is used by all brothers. It isbelongs to the society and 
easier for me to take the cattle there than to build a 1:'i, 
borrowing money from the Bank of Brazil, especially if J 

land. The number of calves that I haveconsider the size of my 

to take my c:ttle
do not require a bath so it is easier for me 


to the other farm. 

Int: 	 When did you first hear about mineral salts.
 

Res: 	 When I left school my father was already using them. 1 .o 

deal with cattle, and when I took my own cows, I began the
 

mineral salts, which are necessary because of the lack :rals
 

in the pastures. Sometimes our pastures today are not A
 

as they used to be. Today the pastures are already we. and
 

there 	is lack of mineral salts which the cattle need.
 

the same time that yoU
Int: 	 So you adopted mineral salts at 

bath 16 years ago? Where did you obtain Information a
 

salts?
 

Res: 	 I 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 h,:7%p;iospi 
never know anrl vo.: ;,ave to buyothers don't -- but you 


whatever is offered.
 

Int: 	 Which one do you use pr .c,'ty? 

Res: 	 The one from Sivan. 

tnt: 	 And d- juu get these products directly from the salesi,
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Res: 	 No. We get them now.-through the cooperative. Salesmen always 
come by to leave them at the cooperativ!. We buy from the 
coope rat ive. 

Int: 	 Do you have other sources of information?
 

Res: 	 We get Information through salesmen and also in conversation with
 
other 	 farmers. Besides there are always the meetings at the 
cooperative.
 

Int: 	 The meetings at the cooperative? 

Res: 	 Yes, there are always lots of subjects in meetings, aren't there?
 

Int: 	 Also the veterinarians gave information about mineral salts,
 
didn't they?
 

Res: 	 Yes, and also here in Caxambu, there was a meeting somc eight
 
years ago. Some government officials came up here and talked
 
about all this. About mineral salts, about forage grass.
 

Int: 	 Well -- and what influenced you to use mineral salts?
 

Res: 	 What influenced me more was not the salesmen's advertisements, 
but a neighbor who was using mineral salts. He wcs gcLting ve-y 
good results. Even my own cousin -- he was one who influenced 
me to use mineral salts. 
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