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Abstract. This project has three objectives. The first god isto clearly identify the mgor processes
operating in the technology innovation diffusion phenomenon. The second god isto congtruct, based on
the wedlth of empiricd research in Sociology and Geography, a comprehensive micro-level modd of
one of these processes. And, the third god isto provide an indication of the applicability of smulation
technology to the study of a complex socid process.

Tofulfill thefirg god, agenerd modd of technology innovation diffusion is proposed in which a
minimum number of important processes are identified. To fulfill the second god, the awareness
process, the first process identified, is modeled. The state of non-aware individuas precedes the
awareness process and the state of aware individuads followsit. To fulfill the third god, asmulation of
the awareness process moded is written usng the GASP |1 smulation language. A priminary
description of an early smulation run shows that complex socid relaionships begin to gppear in this
information process only after someinitid saturation of the community with aware individuds. The early
tall of the cumulative awvareness curve aso seemsto indicate arising trend.

1 Copyright 8 1971 Socid Systems Simulation Group. All Rights Reserved. Portions of this research
were supported by an NSF Dissertation Research Grant No. GS-3121. Research facilities were
provided by Socid Systems Simulation Group, PO Box 6904, San Diego, California 92166-0904.
Phone/Fax (619) 216-1601.
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INTRODUCTION

The diffusion of atechnology innovation can be imagined as adynamic socid process. Many
researchers visudized this process as condsting of stages between the time an individua becomes aware
of an innovation and the time he adopts the innovation. Although greeat variation existed in the number of
stages postulated, a uniform sequence emerges that is consstent with most of the research.

The sequence begins with an event during which the individua "first hears' of an innovation -- an
awareness of an innovation occurs. A period of decison-making follows during which the individud
forms either a pogitive or a negative attitude toward the innovation. The duration of this period of
decison-making is highly individuaigtic, variable, and therefore difficult to define. In past research, the
greatest eaboration in the number of stages occurred for this menta process. This mentd processis
followed by a second event during which the individud "first adopts' the innovation -- the adoption of
the innovation occurs. The time between the awareness of an innovation and the adoption is caled the
adoption process.

An andyss of the empiricd diffuson sudiesin rurd sociology (Ryan and Gross, 1943) and in
marketing and advertisng (Lavidge and Steiner, 1961) which attempted to define a unidimensond,
discrete stage diffusion process, and of the studies which attempted to vdidate this diffuson process
(Mason, 1962; 1964), supports the following conclusion (Werner, 1971). The empirical evidence
suggests that theindividud has leedt difficulty identifying the time when he first hears about an innovation.
Thisisthe event when the individud first receives information from whatever source that makes him
aware of an innovation. Thisisfollowed by amenta process of variable duration during which the
individua makes a decision about the innovation. He forms either a positive or a negtive attitude

toward the innovation. The time when the individud first adopts the innovation is dso eadlly identified by
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him. It is a thistime thet the individua incorporates the innovation to a greater or lesser degree into his
own life style and is said to have adopted the innovation.

The technology innovation diffuson mode described here incorporates only the empiricaly most
identifiable processin innovation diffuson. The individud isfirst exposed to information about an
innovation -- awareness, and then after atime he may adopt the innovation -- adoption. An assumption

that may be made, therefore, isthat the modd of the diffuson of atechnology innovation consgts of a

least an awareness process and an adoption process.

A TECHNOLOGY INNOVATION DIFFUSION MODEL

Thusfar, two digtinct processes operating within technology innovation diffuson have been
identified, the awareness process and the adoption process. It is suggested that these two processes,
aone, do not fully describe innovation diffusion. To do so, two additiona processes must be added, the
discontinuation process and the readoption process. These processes are only introduced here so that a
complete mode of technology innovation diffusion may be presented. Such amodd is presented in
Figure 1.

These processes occur sequentidly as the figure indicates. The first process, the awareness
process, occurs between the state that includes individuas who are not aware of an innovation and the

dtate containing those who are aware of an innovation. The second process, the adoption process,

occurs between the gate that includes those individuals who are aware of an innovation and the Sate

containing those who have adopted the innovation. The third process, the discontinuation process,

occurs between those individuas who have adopted the innovation and those who have discontinued

using it. The fourth process, the readoption process, occurs between
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those individuals who have discontinued using the innovation and those who have readopted its use. The
last two processes, the discontinuation process and the readoption process, congtitute a cycle that can
continue indefinity. An individua may discontinue usng an innovation, then change his mind and
readopt, then discontinue, etc. The length of stay in each sate -- non-aware,

aware, adopters, discontinuers, readopters -- is variably and depends on the assumptions and
parameters used to model each of the intervening processes and their associated probabilities of
occurrence. Additiondly, an individuad may remain for an indefinite time in any Sate. For example, an
adopter may use an innovation, never discontinue its use and never find a subgtitute. Thus while others
are changing dates, thisindividud resdesindefinitdy in the adopter Sate.

The focus of this project is on the awareness process only. Thisincludes those individuas who
are not aware of an innovation (the state of non-aware), the awareness process by which they may
become aware of an innovation, and those individuas who have become aware as areault of this
process (the state of aware). The model of the awvareness process within technology innovation diffusion

is presented in the next section.

THE AWARENESS PROCESS MODEL

The recent contribution by geographers provided a systematic agpproach to the study of
innovation diffusion. Most of the models, though, dedlt with predominantly spatid processes. It soon
became apparent that the spatid processes aone were not enough to fully describe the diffusion of an
innovation through a community. Katz, et d. (1963: 247) suggested that "what is needed is awedding of
studies of the channds of decison-making and the socid structura gpproach to the sudy of diffuson so

that influence and innovation can be traced as to how they make their way into asocid dructure from
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‘outsde and as they diffuse through the networks of communication ingde." The implication was that
socia communication processes had to be included in more complex forma models of innovation
diffuson.

The moded of the awareness process within technology innovation diffusion presented here
combines the socid processes and the spatia processes into a unified view of the awareness process.
Channels of communication of information about an innovation, particularly impersona sources of
information (communications media) and persona proximity sources of information (patia processes),
form the bridge between the community and the outside. Socia structura features, opinion leaders
differentiated from other members of the community and the structure of the community socia network,
are ingrumentd for understanding the awareness process within technology innovation diffusion.

The awareness process exposes formerly non-aware individuas in the population to information
about an innovation. Severd sources of information are available through which this information about
an innovation can be transmitted and to which the non-aware individual may be sengtized. These
sources of information are: ephemerd socia contacts (caled the proximity source), socia contacts of
greater duration that have been conventiondized (called the socid network source), and awide variety
of impersonal, non-socid sources (called the impersona source) (Bead and Rogers, 1960; Simmons, et
d. , 1967). Theindividua may aso remain uninformed and therefore non-aware. Figure 2 presents the
awareness process flowchart that utilizes these information sources.

The recaiver of information about an innovation is either an opinion leeder, or heis not
(Lazardfeld, et d. , 1968; Katz and Lazarsfeld, 1955; Lionberger, 1963; Rogers, 1962). An opinion
leader mediates between the information source and the rest of the community. Hislocation in the socid

network is strategic snce hefilters, interprets, and modifies information thet
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reaches other parts of the socid network. These two groups of individuas, opinion leaders and
non-opinion leaders, utilize information sources differently. For example, opinion leaders make more use
of dl three sources (proximity, socid network, and impersond sources) early in the diffuson process
and rely heavily on mass communication, an impersond source, throughout the process. On the other
hand, non-opinion leaders in the community generaly make less use of mass communication sources
early in the diffuson process than do opinion leaders. But then they make greater use of the socid
network sources as the diffusion process commences.

Since opinion leaders and non-opinion leaders utilize information sources differently, the
probabilities that one of the three sources, proximity, socid network, or impersona sources, will be the
one used for first hearing about an innovation differ for these two groups of individuas. Therefore, two
empiricaly derived probability schedules for exposure and utilization of one of these sources of
information are introduced (Ryan and Graoss, 1943).

The specific probabilities within each of these two schedules, the opinion leaders schedule and
the non-opinion leaders schedule are: the probakility that the individud utilizes proximity sources, the
probability that he utilizes socid network sources, the probability that he utilizes impersona sources for
first hearing about an innovation; and the probability that he utilizes no source.

Once an individua becomes exposed to an information source, selected with these probabilities,
he then has the probability of becoming aware of the innovation given that source, a conditiona
probability. Since each information source has its own specific digtribution of effectiveness, the exposure
of nonaware individuasin the population to a specific source differs from source to source.

There are two types of opinion leeders present in a community. These are locd influentids and

cosmopoalitan influentias (Merton, 1957; Carter and Clarks, 1962). Locd influentids are mainly
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concerned with their own immediate physical and socid surroundings to the virtual excluson of broader
contacts. Cosmopoalitan influentias, on the other hand, tend to be oriented toward awide circle of socid
contacts both ephemera (proximity) and conventional (socid network). Both types of socid contacts
for these influentids are extended through activities such as professona involvement, travel, etc., which
widen their horizons. Therefore, cosmopolitan influentials tend to utilize information from sources
digtributed over larger geographic and socid areas than do locdl influentids. This difference in the way
these two types of opinion leaders perceive their physical and socid space has a direct bearing on the
gpatid extent of information sources to which they are exposed.

When, according to one of the two probability schedules, proximity is sdlected asthe
information source, the probability of becoming aware of the innovation given proximity sources, P
(A|P), isdigributed according to the "geographic mean information field" (Hagerstrand, 1967a, 1967b;
Morrill and Pitts, 1967). Although there are more people at an increased geographic distance from the
individual who know of the innovation, his chance of an ephemerd socia contact with one of these more
digant individuas decreases markedly with increased geographic distance. This spatid digtribution of
contact probabilities is extended over agreater geographic distance for cosmopoalitan influentials than for
locd influentids. Therefore, the probaility of becoming aware of the innovation given proximity sources
of information differs for cosmaopolitan influentials and locd influentids when gpplied to smilar
geographic distances.

In like manner, when the socid network is selected as the information source, the probability of
becoming aware of the innovation given socia network sources, P (A[S), is distributed according to the
"socid network mean information fidd" (Werner, 1971). Socid network distance is the intimacy with

which the individud is socidly connected to friends, rdatives, colleagues, etc. Here too, the distribution
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of contact probabilitiesis extended over agreater socid network distance for cosmopalitan influencads
than for locd influencids. Geographic distances and socid network distances are not congruent. The
opinion leeders, ether local influentias or cosmopolitan influentids, can be socid network sources of
information for anon-aware individud in the community. If thisisthe case, then the probaility of
becoming aware of an innovation given these kinds of socid network sources is enhanced for the
non-awareindividua, P (A|S). Thisis due to the strategic position opinion leaders hold in the socid
network. Opinion leaders are the more active members of the community and actively seek to spread
information about an innovation.

When the impersond source is selected as the information source, the probability of becoming
aware of the innovation given mass media sources, P (A|l), is distributed according to a modified
Weber-Fechner function (De Fleur and Larsen, 1958: 132). That is, the probability of becoming aware
of the innovation given impersona sources increases a a decreasing rate as exposure to this type of
source increases.

An individud may become aware of an innovation with a probability derived from the
digtribution of information sources (proximity, socid network, or impersona). He dso has a probability
of remaining nonaware. Included among those who are non-aware are those individuas for whom no
information source was sl ected.

These foregoing probability decisons for becoming aware of an innovation continue throughout
the diffusion process. Those who become aware continue to the adoption process. Those who do not
become aware may become aware later in the diffusion process. Thus, the awareness process operates
on every non-aware member of the community throughout the duration of the technology innovation

diffuson process.
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SIMULATION OF THE AWARENESS PROCESS MODEL

Recent approaches by geographers to the study of innovation diffuson were more systematic
than earlier approaches. Centrd to this systematic gpproach was the smulation technique introduced by
Héagerdtrand in the early 1950'sin Sweden (Hagerstrand, 1965, 1967a, 1967b). He used this technique
to deal with the spatid complexities of innovation diffuson. This early Smulation work was done by
hand-smulation and later was adapted to a computer.

One of the firg machine smulations deding soldy with message transmission regarding
information about an innovation (awareness process) was developed by Deutschman (1962) and
introduced persond and impersond information sources. Later, models of more specific innovation
diffusons emerged. Tiedemann and Van Doren (1964) smulated amode of the spatid diffuson of
hybrid seed cornin lowa. Bowden (1965) smulated a spatid modd of the decison to irrigate in the
high plains of Colorado. And, Wolpert (1966), centering his modeling concepts around the mean
information field developed by Hagerdrand, smulated aregiond mode of information diffusion.

During this same period, a group of geographers at Northwestern Universty became very active
in investigating the innovation diffuson phenomenon (Brown, 1966, 1968; Marble and Bowlby, 1968;
Aitts, 1963, 1965, 1967; Yuill, 1964). This group focused on techniques to Smulate spatial processes,
on barriers hindering the progress of the innovation wave, and further explicated quantitative theories of
soatid diffusion.

Recently, a proliferation of smulations of innovation diffuson modds has occurred. Alba (1968)
contributed a mircro-leve model in marketing. Y apa (1969) contributed a spatia macro-level modd in
geography. And Carroll and Hanneman (1968), Carroll (1969), Hanneman, et d. (1969), Stanfield

(1969), and Hanneman and Carroll (1970), collectively contributed to the development of SINDI 1 and
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SINDI 2 (Smulaions of Innovation Diffuson in a Rurd Community of Brazil). These modeds are part of
acontinuing study in innovation diffuson by the Department of Communicetion a Michigan State
Universty.

Many of these researchers pioneered smulation techniques before forma techniques were
developed. Only recently have such techniques of general smulation concepts emerged (Gordon, 1969;
Naylor, et d., 1966; Martin, 1968; Mize and Cox, 1968). More recently, Smulation techniquesin
specific disciplines have been developed. These specid orientations to smulation aso provide ussful
information of more generd smulation concepts. These gpplications have been made for industria
systems (Schmidt and Taylor, 1970) and for economic systems (Naylor, 1969, 1971).

The GASP Il amulation language was selected for smulating the model of the awvareness
process discussed earlier. This smulation language is based on FORTRAN and conssts of 24
subroutines that provide the user with many useful housekeeping functions necessary for smulation. The
functions that this Imulation language provide are 1) an executive subroutine (GASP) that maintains the
flow of the smulation process, 2) an initidization subroutine (DATAN) that dlowsinitid smulaion
conditions to be specified and dso readsinput data into the program, 3) agroup of information storage
and retrieval subroutines (SET, FIND, RMOVE, FILEM) that can find a specific observation in dly
gueue, can remove that observation once found, and return the observation after trestment to any
queue, 4) agroup of data collection subroutines (TMST, COLCT, HISTO) that can collect time variant
and non-time variant information, and aso collect information into histograms, 5) two satistics
computation subroutines (PRNTQ, SUMRY) that are associated with the above group of information
collection subroutines, 6) a monitoring subroutine (MONTR) that can monitor any event or groups of

events, 7) an error subroutine (ERROR) that can detect errors in the smulation for debugging purposes,
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8) awide range of random variable generators including a uniformly distributed random variable
between zero and one (DRAND), auniformly distributed random variable between any two red
numbers (UNFRM), anormdly distributed random variable (RNORM), alog-normaly distributed
random variable (RLOGN), an Erlang distributed random variable (ERLNG), and a Poisson distributed
random variable (NPOSN), and 9) severa other supporting subroutines (SUMQ, PRODQ, AMIN,
XMAX, AMAX) (Pritsker and Kiviat, 1969: 29). These very useful subroutines congtitute the GASP 1
smulation language.

The rdationship of the GASP I smulation language to the subroutines needed to smulae the
awareness process described hereis shown in Figure 3. A MAIN program is provided to initidize the
gpecific variables of the awareness model that is being smulated and then control is turned over to the
GASP subroutine, the smulation flow supervisor. The GASP subroutine in turn cals the event
subroutine, EVNTS, every time an event is scheduled to occur. This subroutine in turn selects the event
that is scheduled. For the awareness process smulation, these eventsare 1) aDUMMY event
subroutine that initializes the community in which the awareness process operates, 2) the AWARE event
subroutine that computes the conditiona probability of becoming aware of the innovation and then
makes the decison whether an individua becomes aware of the innovation or not. This subroutine
utilizes for this probability computation two other subroutines: the PRXMIF subroutine that counts the
number of aware individuasin the zones of the proximity mean information probability field and the
SOCMIF subroutine that counts the number of aware individualsin the zones of the socia network
mean information probability field, and 3) the ENDRUN event subroutine that sets the conditions for

GASPin order that afind report is printed at the end of the smulation run.
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Once an event has been scheduled and sdlected, the monitor subroutine, COMMTR, can be invoked to
monitor that event. This subroutine is programmed to print amap of the whole community with al satus
changes of individuas in the community since the last time the monitor was invoked. After completion of
agmulation run, GASP prints asummary report and calsthe OTPUT subroutine. This subroutine prints
additiond information specific to the modd being smulated. The GASP flow supervisor subroutine then

ather terminates the smulation or reinitidizes the program for ancther smulation run.

SOME PRELIMINARY RESULTS OF THE SIMULATION

The results discussed here are only preliminary. The smulation was debugged and only run long
enough for 10 percent of the community members to become aware of an innovation. Two factors led
to such ashort run. The firgt was that the debugging of this complex smulation consumed many hours of
computer time. The second was that the run, that led to 10 percent of the community becoming aware,
aone consumed one and one haf hours on an IBM 360/65 computer. The grant that was provided by
NSF for the implementation of the model was thus quickly exhaugted. It is estimated that a complete run
where 99 percent of the community becomes aware of an innovation would require between five and six
hours of computer time.

This run was not long enough to generate meaningful hisograms or datistics so that this
discusson islimited to a description of the activities that occurred during the two and one haf cycles of
the amulation run. Each cycle was monitored and the resulting community maps are presented in Figure

4 through Figure 6.
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Thefirg cycleis presented in Figure 4. Thisfigure shows that eight of the community members
became aware of the innovation. Of these eight, one was a cosmopolitan influentid identified by double
cirdes. Seven of the aware individuas became aware utilizing impersona sources of information and
one became aware utilizing proximity sources of information. This latter individua had within his
immediate geographic vicinity one individud who was avare of the innovation. Thisaware individud led
to his awareness.

These eight aware individuas represent 1.5 percent of the community. When comparing this 1.5
percent aware in the first cycle of the smulation with the 0.5 percent aware of hybrid seed cornin 1924
(Ryan and Gross, 1943: 17), the awareness process seems to be beginning too rapidly. One may
conjecture that this rapid takeoff of the awvareness process may be due to an overestimation of the mass
media effect. This overestimation of the mass media effect may have occurred in congtructing Schedule
A and B for information source utilization, i. e. , the proportion contributed by impersona sources to
these schedules may be too large. Since these schedules were obtained from one empirica sudy (Ryan
and Gross, 1943) and little other empirica data of the type needed to congtruct such schedulesis
avallable, the effect of changing parameter values in the schedules would need to wait for the time when
experiments could be conducted using this smuletion.

The second cydeis presented in Figure 5. This figure shows that during this cycle bringing the
tota to 34 aware. Of these 26, Sx were cosmopolitan influentids identified by double circles.
Twenty-five of the newly aware individuas became aware utilizing impersona sources of information an
one became aware utilizing proximity sources of information. This latter individud, located at (35, 32),

had within his geographic vicinity five other individuas who were avare of the innovation.

309



WERNER AND WERNER

312

e

=
ey
agy®
iy
e
apmn
“Iw"
[y

=ndi A A

YA ETI Ve el Ere 2l e vE v 2B AL e b2 0ER PEWETTAERLYENVETT

g e Lt L L Y T R T L R L L L R L R L R L]

s . —a TS e -

ag
(-]

oa
oo
aa
=
-1-]
=R}
oo
=R-]
-]
ao
oo
oe
oo
=
-]

o a
:gq’.@ugn o copo@oocaoed
i
oD oadgoeD

n
2
LY TETRT]

£ cocolo

-]

g aan0ssdo B’J aoao

o
o

F @99
to9g BEOQD O
Semee e -
e

o &a
[-]

[ =]
-]

[5 L]

F OoeoeRoSc

10 -]
-]
-]
=1-]
. O Do

(-2~}
a8
=]
-]
(=]

a o a_m.un_
v Do

a do Bn
aooad

ann:a L 2
o
-1~

=1-] agean

[-R-J -

=] o

(TRl R - =]
[-N-1-1-R-F-N=-F]

[=L-]

3 & oo
SEam A oABn
1

(-~}

e
Be

1]
oC
a
a

S0 oOE
e s
og)

2

o=
- -
EEE T N N
e
m
-
o E
am

L R AL LS LR LS SRR PR LSt

OEvIETE Oud
"L i 1eh ]

loce =L wll

 oma B b

=h-
=4~

(=] -
[=3=]

R~
ag
2a
o
R

oo
ano
-]
1 L1
Be O

[-B-E-L-1-T-=Q=]_]

Q
FLRRALLEE L SR LILEL AL

=R
ERT]

£

oo

|0 aOwoew

-]
o2
oa

@e

cogogoeco W
n‘u

srapamipaan

LT R P T PR LT E P S R RS cLl LA T T

0

LI ]
HEY

FIETR "D o Dwd

"

L]

2 BOW4

slofetg
It

6 @

M

oLHd
MTGN

AWTL

L1 ]
L)

@ 3Dy "a

& B+ % B owom o momom s omomow kB E R A FFEEEFFEE WA omom o ow &R

'
&
-
%3

N R X

-1 ™
L Fi-F]

aq
.

mE mom omomomoEoE omomomomoE @ At EEEEETE T AR WA oEoEoEE o

-

+

Aware Individuals ard Sources of Information Utilized tc Becoma

Figure 5.

fien

i

(Double cirzle iden
ity sources, I - impersonal

Aware of an Inncvation During Cyecle 2.

cogmopolitan influentials

- proxim

F

F

zas.}

pROUF



These aware individuds led to his awareness. However, the cosmopolitan influentia located at (31, 36)
had not yet become aware and, thus, could not contribute to the probability of becoming aware.

These 34 aware individuas represent 6.4 percent of the community. When comparing this 6.4
percent aware in the second cycle of the smulation with the 2.5 percent cumulative aware of hybrid
seed corn in 1925 (Ryan and Gross, 1943 17), the awareness process seems to be progressing even
more rgpidly than previoudy thought. This further points to the too rapid utilization of impersond
sources of information in the smulation. Of the 34 aware individuds at thistime, only two have become
aware utilizing proximity sources and none have yet utilized socid network sources.

The third cycle was only 43.3 percent complete when 10 percent of the community became
aware. Thisis presented in Figure 6. This figure shows that an additional 20 community members
became aware of the innovation during this cycle bringing the total to 54 aware. Of these 20, Six were
cosmopoalitan influentids identified by double circles, and three were locd influentids identified by heavy
circles Fifteen of the newly aware individuas became aware utilizing impersona sources of information,
two became aware utilizing proximity sources of information, two became aware utilizing proximity
sources of information, and three became aware utilizing socia network sources of information.

Of the two individuas who became aware utilizing proximity sources, the one located at (17,
43), was the firgt individua to become aware in the third cycle. Being a cosmopoalitan influentid, his
proximity mean information field included the area bounded by line 1 through line 33 and column 27
through column 56 in Figure 6. This mean information field included 20 individuas who were aware of
the innovation a the time. Of these 20 individuds, two located at (16, 42) and (16, 41) contributed the

greatest amount to his probability of becoming aware.
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All of thoseindividuas utilizing socid network sources became aware later in this cycle and did not
contribute to the probability at thistime. The second individua who became aware utilizing proximity
sources of information, located at (21, 41), hed at the time of his awareness five individuas within four
proximity zoneswho knew of the innovation. Thisincluded the firgt individud utilizing proximity sources
inthiscycle. None of the individuals utilizing socid network sources had as yet become aware.

Thefirg of the three individuas who became aware utilizing socid network sources of
information, located at (33, 52), had 11 aware individuasin his socid network mean information field at
thetime. All of these aware individuas were Stuated beyond the first zone of his socid network mean
information field, each thus contributing a smdl amount to his probability of becoming aware. The
second individua who became aware utilizing socid network sources, located at (17, 42), isa
cosmopolitan influential and had 28 aware individuds distributed throughout his socid network mean
informetion field. Three of the five individuds in the first two zones were aware of the innovetion. These
contributed grestly to his probability of becoming aware. The third individua who became aware
utilizing socid network sources, located at (16, 43), had 16 aware individuds distributed throughout his
socid network mean information field. Four of five individuasin the first two zones of hisfied were
aware of the innovation. These contributed greetly to his probability of becoming aware.

On closer ingpection, aided by Figure 7, it becomes clear that these firgt individuas becoming
aware utilizing socid network sources of information are intimately tied together to one another through
their socia network. All three, ID 458, 105, 163, aware in that order, relied on ID 197, 104, 105, and
195 gtuated in ether the first or second zone of their respective socid network mean information fieds
for awareness of the innovation. This beginning dugter isthe firsg manifestation in this smulation of a

complex socid process operating in the communication of information about an innovation.
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Opinion leaders showed an early involvement in the awareness process. Cosmopolitan
influentias were first to become aware followed by somelocd influentidsin cycle three. This early
involvement of opinion leaders seemsto indicate that a certain amount of saturation of information
among opinion leadersis necessary for the information to gpread via socid processes to other portions
of the community. Thisinvolvement by opinion leaders is expected since they are the more active
information seeking and disseminating e ements in the community (Rogers, 1962: 232).

If these 54 aware individuas completing 43.3 percent of cycle three are extrapolated at the
same rate of generation for the rest of the cycle, then there would be atotal of 125 aware individuals at
the end of this cycle. Thiswould represent 23.5 percent of the community. Comparing this 23.5 percent
awarein thethird cycle of the smulation with 3.5 percent aware of hybrid seed corn in 1926 (Ryan and
Gross, 1943: 17), the discrepancy in these two cumulative awareness curves is more obvious than
previoudy noted. However, if the first three cycles of the smulation are compared with the years 1927
through 1929, instead of the years 1924 through 1926, the comparison of the cumulative proportions
are: cycleone at 1.5 percent to hybrid seed corn at 4.5 percent, cycle two at 6.4 percent to hybrid seed
corn a 7.5 percent, and cycle three (estimated) at 23.5 percent to hybrid seed corn at 23.5 percent.
The match is markedly improved. The only explanation that presentsitself for this match between a later
time in the empirica process and the smulation is that, asindicated earlier, the impersona source

utilization progresses too rapidly early in the smulation.

CONCLUSION

This project began with a statement of three objectives. The first god was to clearly identify the

maor processes operdting in the technology innovation diffuson phenomenon. The second goa was to
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congtruct, based on the wedlth of empirical research in Sociology and Geography, a comprehensive
micro-level modd of one of these processes. And, the third god wasto provide an indication of the
goplicability of amulation technology to the study of a complex socid process.

To fulfill thefirgt god, it was discovered that a generd mode of technology innovation diffuson
could be congtructed in which a minimum number of important processes were identified.

To fulfill the second god, the awareness process, the first process identified to fulfill the first
god, was modeled. To model the awareness process, the state of non-aware individuals prior to this
process and the Sate of aware individuas following this process were included.

To fulfill the third god, which was to show the feasihility of applying smulation technology to a
complex socid process, a smulation was written usng the GASP || smulation language. A preiminary
description of an early smulation run showed that complex socid relationships began to gppear in this
information process only after someinitid saturation of the community with aware individuds. The early
tall of the cumulative awareness curve aso seemed to indicate arising trend.

These three godls as stated can be compared with a procedure that was suggested by Naylor
(1971: 11) for experiments with models of socid systems:

1. The formulation of the problem. Thiswas done in this project by identifying the mgor

processes of technology innovation diffuson and then explicating one of these

Processes.

2. Theformulation of amodd of asocid system. Thiswas donein this project by

condructing amodel of the avareness process within innovation diffusion by carefully

relating al assumptions and parameter estimates that were made to some known

empirica fact. This rdationship of the assumptions and parameters of the model to

known empirical phenomena condtituted the first level of validation of the mode,
empirica vaidation.
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3. The formulation of a computer program of the model. This was done in this project
by usng the GASP Il smulation language. The formulation of the Smulation was
accomplished with dmost no digtortion of the origind model assumptions.

4. Vdidation. Some preliminary output of the smulation was described but the run that
was made was not nearly complete enough to warrant any discussion about validation.
Thisleve of vaidation would involve comparing the smulation results with historicd
empirica phenomenain order to determine whether the smulation of the modd truly
mimicked events that had previoudy occurred.

5. Experimentd design. Thiswould be possible only after it was determined that the
smulation truly mimicked empirica events.

6. Dataandyss. Thiswould involve the last level of vaidation in that attempts would be
made to forecast future innovation diffuson events.

Occadondly a question arises whether the emphasis of smulation should be on the modd of the
socid process that is Smulated or on the computer program written to smulate this model. In the former
orientation, the emphasis is on discovering the nature of processesin socid systems and as such
emphasizes the theoretical consderations of model congtruction. In the latter orientation, the emphasisis
on solving an immediate problem and as such emphasisis on estimating parameter vaues for
expediency. This project focused on the former of these orientations, the construction of a micro-level
model of the awareness process within technology innovation diffusion. It is hoped that this modd could

dand asan initid atempt in congructing a theory of innovation diffuson.
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