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AN ASS(SC!ATIONAL HODEL FOR THE DEFFUSION
OF COMPLEX INNOVATIONS!

The process by whlch'Innovattons dtffuse .through-a society has
beeh one of the more thoroughly Investlgated areas of the soclal 'sciences.
Rogers and Shoemaker (1971) report over 1,200 studies describlng various
aspécts of the process. As night be expected, results often are contra-
dictory and provide a less than clear plcture of how Individuals decide
to adopt S ﬁew ﬁréduct, pracgice. or ldea. 'These studles tell us even
less about Kow- the process operates at the soclal levei. One reason for
this conf;sion Is the lack of a common theoret tcal perspective which In-
tegrates the individual tnnovation wlth other culiu;al aspects of the
adopting socfety.

This paper provides such a paradlgm. It begins by maklng é distinc-
tlon between simple and complex innovations (thosé which dlter the associ-
ative structure of a culture). Complex Innovations are the prtﬁe concern-
here. Also, dssociationlsm is reviewed to show that {nnovatlve or créa~
tive thinking can be described as an assoclative process. Thls notTon
is extended to descr!bé the diffuslton of innovations. Then, thg_papqr .
reviews the history of attempts to describe ﬁathematlcal!y the S-shaﬁgd
curva traditionally identified in diffusion of Innovation research. A
speclfic method--longltudinal multidimensional scaling--1s suggested as
the hest method for providing accurate measures of alterations in a
sociqty s associative structure as they are praduced by an innovation.

The paper concludes by predicting the mathemattcal model which most

‘accunately describes the adoption of tnnovations.
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Theory of Complex lnnovatlons

The diffus]on of Tn?OVatton process can be dlvlded Into two general
types: (1) those which/ar> readily asstmtlated by @ soclety and (2) .
those which lead to major cultural changes.. The Integratlon of some
Innovations (whether produhts, practice;, or |deas) causes only ripples
of minor slignificance In a given soctety;'fhe dif%uslon of others brdducee'
global alterations in a soclety's cultural patteres. - |

"The first type can be called the dlffusnon of _lgglg_iﬁnovatlons.

tn this category ‘are innovatibns which only modlfy existing practices

_or objects. Examp]es include hybrid seed the change from a carburetor,

. .

to a fuel injection system in automobn]eﬁ or a new additlve to gasollne
or detergent. Change Occurs wtthln a 5|ngle comp0nent or subsyctem
rather than among the re]atnon<h|ps of cultura! cbjects. Snmple innova-
tions do not substantue]ly alter the normative patterns or the connmnl- ‘
cetton structure of séciety. '

The second category can be called the diffusion of comélex innova-
tions. Examples herel include a new religion, & new drug {such as birth
control pills or marljuana), or a new invention (such as the automoblle :

‘ .
or the telephone) These are inncvations which have had global cénse-
QUences In terms of altering a society s. Eg;gg:,fAlso; they éée moelfy'
that socnety s communication structure awd transform the defln\tlons of
other social objects in addltlon to those of the‘actual InnOVation.

Both types of diffusion are dlscussed extensively-in theoretical
}iterature. The anthropological approach-to diffuston (Linton, 1936;

Sharp, 1952) stresses the consequences of an innovatlon for the culture

in which the object is diffused. As Linton writess
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It has been observed that while elements of culture
nay Be‘d{ffused alone, they are mere llkely to travel
In groups of c{ements which are functlonally related'
(3325.:.' Every cu}tural tralt, even the simplest
object or manufacturlng techntque, Is real]y a comp]eg
. of eiements )r,lud:ng vartous associations and ideas as
to how 1t ohOU]d be used (347).
Chapin {1928) distingulshes batween ‘the effects of the sulky plow {a
complex innovation) end modifications to that. plow {simple innovations)
‘upon a culture. ' |
While the r-heoretlca} '|terature in dlffuslon describes complex
innovatlons, the empirical lxterdturc V(rtua]ly has |gnored the per-
plexities of cultural change. One of the prlmary reasnns fer this is
the.lack of methodologscal toqls for measurnng cultura] change along
severa.l dlfferent dimensions slmultanecus!y Typlcally, the researcher
selects a single simple innoveﬁion and okserves its adoption pattern as

v

the functfon of a slagle or lipited number of independent varlables. .
These may inclucde an adOpter‘g position in the soclal structure, 1%62?
of education, pattern of medxe use, -or communications with previous
adopters. No one has explored the innovation as an Independent varlable
which alters these and other culgural patterns. -

-in this paper tne concern is with the dif%usion of complex.inneve-
tions and thelr effects on altering the cultural aefin{tions of soelery--

or, the normative associative structure of its social system. Association-

Ist models long have bee proposed as explanations for the Innodvations

(3

process (that is, hcw various comblnations of thought patterns-result

4 -

P
N .
[ . ,




<
A3

. _— -

In new‘ldeas. practices, or objects). While these notlions have been
applled to Innovation processes, they have not been used to descrlbe
diffusion withln a social system. Such a model ts propose& here.

Assoclationlsm

Whille assoclatio;ist models of cognltion can be traced back to
A"stotle,bthe basic ldeas of modern as;oslationlsm were first advanced
by Locke (16390) and other British associationist phtlosopher; tﬂobbes,
Berkeley, Hume, Hartley, ‘both Mllls,‘ind Bain Anderson and Bower, 1973).
Basic tenets of this school of thought ;g\fhgs\the human mind begins.
tabula rasa {as a blank slate), and that the nghcgure of the mind at

\\;ﬁy speclific tfme Is contlngent on the Individual‘s\;ést experience (as
oppos=d ‘to e;ch thought having an lnnate and proper locus in the mind).
In Locke's (16390, 1 il 15) words: ' ‘

The senses at first let tn particular ideas, and
furnish this Q;E\empty cabineé, and the mind by de-
g;ees growing familliar with some of them, they are
lodged in the memory, and names got to tﬁem. After-
wards the mind, proceeding further abstracts thaﬁ, and

, by degrees learns the use of general names.

Another canon--atomism~-ho}ds that all knowledge can be de;IVed from
dlsérete simple ideas which, though the assoclative process, are combined
into complex ones. Simple ideas are assumed to be so elemental that&
they are unaﬁélyzable. Hume argues that complex ideas do not necessarily
resemble slmple ones bercause they evolve from combinations of tdeas
which somehow produce new patterns.

Thus, the associationists view the human mind from @ holistlc per-

spective-~with each simple element Interacting, through its reclations

C




wlth other elements, to organlze the mind. Cognition 2nd the process

o

qf ‘organlzing simple ideas Into novel and complex ones are assumed to
he£govefned by three principles: (1) similarlty, (2) contigulty, -and
" (3) contrast. '

(1) The Principle of similarity holds that objects which are con-

geptually simjlar are assoclgted In an individualls mind. For example,
thinking of lemons can easlly lead to thoughts of limes. The two objects
-perceptually are ;Imilar; they share speci;fc frarts (includlng shape,
texture, and internal physicél structure). The principle of Simitarity
Involves this kind of synchronous. assoclation which structures slmultane-
ous ldeas I;to more complex ones. It Is a structural cancept because it
!e]ates through patterns to a slingle coherent scries of relations, or
structures. <.
worq-suﬁstitution provides a cood illustration. If two words are
$ynonyms (that is, semantically ident{cal), then one can replace the
&ther without any alteration of the intcrre!afionships among the symbois.
if the words are semantlcally different, they cannot be interchariged
without altering the relational structure, And the greater the dissimi-

)ar!ty, the greater the Interrelationships among the symbols will change.

(2) The principle of contiguity, as arguéd by Deese {1965:12), is:

?Two psychological processes occurring together In time or in lmmedlgte
;uccesslon Increase the probabillty that an associative connection be-
;ween them will develop.!" This assertion is to time what the principle
pf similarity is to space and, as such, can be considered a special case
of simllarity (as when thoughts of 1lmes immeéiate]y.follow thoughts of

lemons) .
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{(3) The principle df contrast advances the notion that assoclative

links are formed between obJects which are conceptual opposites. .For

" example, thoughts of black often lead to thoughts of white, large to

small, good to bad, and so on. Thls, then, is but another speclal case
of the similarlty principle. Glven a pair of maxImally dissimllar
opposites=-""hot"" and '"cold"--1t Is not hard to think of the terms "warm"
and "coo]," which are moderately dissimilar to both the extremes. Thls
leads to the ldea of a temperature dimension, with "hotd and Y'cold! at i :
the extremes. Bipolars speclfy a single attribute which, in this case,
Is t;mpe;ature. Terms become similar because a slingle shared attribute
was chosen from among all possible points of comparison. Similarlty
between the blpo?ar§ relates to definition in terms of an identical at-
tribute, even though they represent different values of that attribute.
Locke, Berkeley, Hume, and Bain consldered similarity to be the -
Irreducible law of assoclation. Hért!ey aAd James Mill, however, viewed
such relationships as speclal cases of the principle of contlguity and
as tautology (that is, things are similar because they are similar).
in my work, ! consistently have taken the position that all words
and simple concepts are related In the mfndigég?rding to thelr degree
of similari.y (Barnett, 1976). This supports Locke's opinion that IQeas
are structured as Qimilgr because past experiences specify such a rcfation-
ship between objects of thought. Qbjects are not simllar because the9 |
g;g_slmll?r. And the organization of ideas need not be determined by the
perceptual process. Many metaphysical concepts have no perceptual refer-

ent, yet they are associated with other ideas.

Innovation as an Associatlve Process ]

o]
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place on a mental plane, with every Innovation seen as a combination of

associative elements. Such ldeas are defined soclally by the innovator's

. - .
cultural setting ‘through the soclety's symbol system. VWhen an innovatlon

orcurs, there is a linkage or fusion of two or more elements that have

not been combined previously. The result is a qualitatively distinct

whole. In other words, the associatile structure nf the innovator lIs

altered. |

As criterion for'novelty, Barneﬂt emphaslizes reorganization of
mental configurations rather than qugntitativa va}iétion: "|nnovation
does not result from the addition orisubtraction'of parts. 1t takes
place only when there Is a.recombinatiion of them (1953:9)." Theré‘are
three distinct proéesses by which concepts can be reorganized. They
are identification, substitution. and di;crimination. " Each procéss pro-
vides spacific motion in the cunfiguration which alters the spatial
relatlons bindlng the elements. The impression which the indiy?dua]
holds 1s a function of the distance among the elements In his or hcr
psychological system.

Creative soluticn and novel mental conflguratxon stem from (ndiv1dua]s
who are placed in states which tend to bring the required associative
ceJements into ideational contiguity. Mednick (1962) suggests three ways
of achieving a creative solution: (I} serendipity, ié} slmilarity,gand.
(3) mediation. The first is self-explanatory; in the second, the ré-
quired elements for changc result when stimuli which are alike ellclt
the associative elements; in the third, a mediating process is used on

common elements to evoke the requisite associative elements in contigulty.

He claims that the degree of creativity fs a function of how mutually

€2
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remote elements of the new configuration are. $imilar assoclatlohal

modzls of innovation have been prescnted by Golvin (1936) and Lin and

Zaltman (l973)

Ste'n (1963} conslders creatlv.ty to be the result of-sodlal
processes. He claims that the process occurs wlthln an lndlvldual as-
a result of the process of soclal transactions during whlch lnformatlon
1s made available to the potentlel Innovator. And-*lnorde. to be labelled
n "lnnovatlon“—~the novel product which results from thls process Mus3% must

be accepted as tenable or useful by the social system. Indeed, it is

this flnal criterion which determines the ability of the creatlve product
to dlffuse throughout a.soclety. ‘

Kasp,rson (1376) provldes a comprehensive reV|°w of emplricél )
11terature on the lL.nnovatlon process. He concludes that innovativeness
1s a function of the variety and scope of the lnformation'made avallable
to an lndivldual. One person‘s radius of exposyre may be determined to
soine extent by his or her environment or the varlety of published materials
avallable. nnv;ronment can be the organlzatlonal structure or cl\mate,
membershlp In an invisible college, or some other set of. nnterpersonal
relatlons.' Exposure tO'nOVel |hfo|mat|on allows therequnsltestlmull to
reorganize the associational'structure of the individual's cognition.
Innovations are the result.

To summarize this section; an assoclatxonlst mode of 1nnovatlon
suggests that the associational structure of-an \nd|V|dual‘s mind at “any

point 1= contingent on the individual'spast experiecnces (or information).

" And 1t Is this information about single elements or symbols and their de- °

gree of similarity that determines the way in which they can be combined.

Such combinations lead to lnnovations, The process takes place'at 2
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soclal or cultural level because an tndlvidual -must recelve lImputs In

order to recomblne disparate elehents tnto novel patterns and because the

creative product must be Judged dorthwhile by the larger social.orgéln~
!

S

. zatlon.

Measurement of the Asqoclationallﬂodei

The assoclatlional model of khe Innovation process has impltcations '
for the study of their diffusicn, it suggests that an .assoclatlonist
model can dincrease predlictabllity and explain msre about the adoption of
new ldeas, practices, or, products. .

The diffusion of Innovations and the acceptance (sr rejection] of
a new ldea ls also a mental process involving the reorganlzatlon 6f
elements tn assoclatlonal configurattons by members of a cultur;: Most
often, It involves the addition of new concépts into a culture's meaning
system. As an innovation spreads throughout a soclety, the conflguration
shared by members of that society 1s modifled to provide an accurate A
representation of the innovatlon and the cultural changes produced.

The degree of reorganization of the assbciat}ve structure Is a
functlon of the amount of information members of the soctal system
receive about the Innovatfon, Communication sclentists logg have been
lntefested in the effect of message variables on the adoption process.
Indeed, it Is these messages which must alter the existing assoctatlons
and form new ones. The associatlons formed with the innovation mus£
Indlcate compatébi]tty with "...exlst!ng‘values, past experlences and
the needs of the receiver (Rogers & Shoemaker, 1971:145)..% The'Rogers
ahd Shoemaker book is full of examples of innovations which falled to be

-adopted by a society because compatible as§oclatlonal links were not

formed. The more compatible an innovation is with existing assoctations,

1
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. as percelved by membe

rs of a social system, the faster its rate of

adoption (1971:1952). From an assoctational perspective, compatibllity

s the cognltive Introduction of = novel element which minimizes the

configuration's change at the cultural level.

) The associative mode1 demands a measurement scheme for the study
i

v

of the diffusion of innovations that meets the foliowing requirements: g

l
1. Associational links among a set of elements are measurad. Thls

It must be capable

£
s e

relationship is the similarity among the set of items.
of relatlng exlsting practice and the Irnovation to that constellation :

of items used to define the new !dea.

2. lk is holistic. That Is, it must be capable gf measuring, simul-

integrating dimensions toproduce a total description

-

taneously, along all

of the comp‘ex inrovation ratier than JUSt describing separate aspects

Such attributes must. not be imposed by th=~ researcher
o N

of t relatxonshsp.

bLt must emerge from measurements on the adopting society.

3. To descwlbe the cognitive state of a social system, measurement

must take place.on a socletal or cu:tural level. It must Involve con-

sensual measures. Only in this way, -prediction abecut the degree of

adaptation’can be made.

L, Finally, the measurement scheme must be capable of measuring

ehanglng conceptions |n a culture's associational structure, over time,

ss the members of the social system become exposed to information about

the innovation. It must descrikte the adoptioa process. This means that

~

ratio measures must be used to make possible descriptive calculations of

the rate (or veloclty) of cultural change. Glven multiple time periods,

acceierations also can be calculated. Such velocities and accelerations

\ =
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are necessary for any dlscussion of process (Arundale, 1971, 1973).

Theoretlcally, the scale must be Infinlte; actually, it must only
be long enough to'examtne the phenomenon in question and ft must be
infinitely dense (that ts, capable of measuring the most miniscule
changes In the configuration).

Longltudinal Hultidimensional Scaling

‘One measurement system whicti satlisfles these demands of the assocl- |

atlve mode! 1s longltudinal multidimensional scaltn'gz {or HDS) as pfo*

. posed by Woelfel (1972, 1973, 1974), Woelfel and Barnett (197h) Barnett

(1976}, Wigand and Barnett (1976), and Barnett, Serota, and Taylor (]975
1976) . The fundamental approach to MDS Is: the assoclatlonal structure
for any set of concepts can be répresentgd on an N x N distance matrix;
each vector of this matrix describes a concept's rclailonshlp with all
other concepts; in diffusion of tnnovation studles, these concepts are
(a) the innovation ltself, (b} previous products or ldeas whlch the
innovation may displace, .and (c) a series of cultural objects which

have stable and well-established relations with previous practlcesﬁand
tﬁe;lnnovatlon. - '

Data.on these concepts can be gathered through a serles of direct’

‘patred comparisons elicited with questions phrased thts way: "tf X

. $
and Y are U units apart, how far apart are a and b7" Such wording aa-
mands dissimilarity judgments from a respondent, but specifies that spch
judgments be made in terms of a standard distance provided by the

experlmenter.3

Dissimilarity matrices formed from measures taken in this way pro- '

vide static pictures of the Interrelationships among concepts held by

Individuals. The average distance qﬁgrix generated from all members of -
Lo




a soctal system‘(pr a representative sample of that population) represents

the collective consciousness == that aggregate psychological conflguration

which constltutes culture. 1n successive matrices, process 1s recorded
at known time Intervals. Changés between the matrices are calculated.

Suéh a procedure minimlizes measurement unreliability. Although
data for a given Individual may be unrelizble (or, ihversely proportional
to the dif%tculty of the judgment task) application of the Central Limit
Theorem and Law of Large Numbers forces the arlthmeélc mean of all re-
sponses~~for any cell of the matrix--to converge on the true population
mean, as thé'sémé}e slze lIncreases. Réliabllit}egmfﬁ fhéﬁlﬁs ;671;0
range have been reported with as few as 50 cases (Barnett, 1972; Danes'
and Woelfel, i975).

‘Hean distance matrices are transformed furthér to scalar-products '
matrices which are double-centered CTorge;son, 1958) to estahlish orlgins
at d}strfbution centroids. Such matrices subsequently are factored to
achteve coordlnate matrices whose golumns'are orthogonal axes and whose
rows are projections of the concept location on each of the dimensions.
This spacé simul taneously represents average distance judgments for all
possible pairs. Also, the multidimensional space is constructed from

the. .unstandardized distance vectors. Thus, all variance in the sample

populat{on ordinarily is accounted for Ly the N-1 dimensional space
(although under s;me conditions it may be less)‘(Barnett_G Woelfel, 1976).
This procedure is-repéated over time. P;ovlded that no additional
information affects the relative stability‘of concepts, spaces are ro-
tated about the centrold to a least-squares best fit. From'the resultant
cross~-time coordinate matrices, one can fit motion trajectories which

describe relational changes for the set. When additional information Is’
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present == such as knowledge of the relative tnertial masses (amount
of prior I;formation'[SaltTel & Woelfel, 1975}) Sf the conéept;-~

” alternative rotational algorithms exist (Woelfel et al, 1975; Serota
et al, 1977).

téast-squéres rotation has_the e}fect of over- )
estimating some changes while underestimating others. This can lead
to..erroneous ccnclusions. As an alternative to this procedure,
voelfel et al, (1975) have proposed & method which makes use of
gheoretical or "BXt[a" informatioﬁ to provide a rotation which yields

~~-.a simpler apparent motion. Such informat{on concerns Yocation of
the concepts in spac; and is independent of coordinate values. Because
of this, it can be treated as invariant: under rotation and when co- |
- orzinates are transltated.

Ancther alternative n;tation scheme shifts only the theoretically
stable concepts to a least-squares best fit and then incorporates
dynamic concepts into a new coordinate system. (it is quiie"similar
to procedures used in astronomy when positions of fixed stars are used

° to measure the motions of other stellar bodies.) With the diffusion
of innovations, there are‘pheoretical reasons to suspect that stable
° relationships exist among the concepts used to define prior practices
and objects; dynam{p relationships;exist among the prior éractice or
object and the innovation. Thus, one might hold the defining conceﬁts
° stablg and allow the innovation to move in relation to them.

Still a third procedure, when more information is knowh, is to

welgh the concepts according to their inertial masses’and rotate. them

to a weighted solution.,
1r
-
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Formulae necessary to perform all of these operations are described

tn great depth by Woelfel et al, (1975); an emplrical e{émple Is. pre~

sented by Serota et al. (1977} . A computer program--known as "Gallle?EE§V" ' -

“"wewith the necessary algorithms ls avallable at several academic
}

Iinstitutions. -

Once rotations are complete, change in the position of concepts

can -be calculated by simple subtraction of the cogfdinaées over time. , ' ' .

Motlon through the space can be expressed as veloc!tiesé T : ( ' |
A N i
N : |
2 a’j - b;j) .
1 ™ dl = J=1
. T
ty to
) % *

where v; = the velocity of concept I, . !

i '\ d; = the distance concept i has moved across the Interval
of time t, i
t =-time,
a; = the coordinate value of conc;pt 1 on the Jth
factor of the ty space, and :
bj = the coordinate value of concept l_onxthe Jth

factor of the t} space. .
L} , ) . ‘
This motion can be decomposed into its components along the
orthogonal dimensions on which concepts are differentiated. Velocities’
and accelerations then can be computed as derivatives of the resultant

curves. Partlial derivatives are changes on a single dimension. Thus,

it is possible to use diffusion messages to determine change tn con-
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cepticns tuward novel ldeas in terms of the dliensions:

y, = ds/dt = ds /dt + ds]/df+=4...+dsn/dt =

N
. L dSJ/dt.

=1

>

Similarly, acceleraticns In the space are given by the second derivative: - -

- N
Ay = d2s/dt?’ = L dzst/dtz.
i=1

z

| suspect that this derivative is non-stationary. Research on
di ffucion of innovations shows that the adoption prdcess can be describ-
C 2 2
cd with an 3-sheped curve--thus, d s/dt” is not constant. Also, on the

basis of the literature in the field, | predict tbat‘acceleration (of -

ar

the concepts) changes as a function of information supplied to members
of the social system. Tor these reasons, much information on the

diffuslon process stands to be gained from second-order derlvatives.

The Ditfusion Curve

$o far, | have made no oredictions about nggé_of cultural change
over time. It seems clear that there i; modification in these rates
during the adoption of the ihnovation. Theoretically, slopes reflecting -
the velccity of change over time resemble the traditional S*shéped
diffusion curves. ' . ' , ,
_ For the ideal case, changes }n the receiver system are desgribed“ln
this way: initially, the rate is very slow ana represented by a smé{I,.
positive sloﬁe{tfaen, the rate increases exponentially until about half
of the potential adopters have modified their conceptions of the innovation.

4

At this point,. the slope should peak at about 2.0. In the next stage,
cultural change continues—-but at a decreasing rate. Although still

- positive, the slope approaches zero and becomes asymptotic with the

ERIC | 1
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“ 11terature: Chapin (1928) found 1t with the diffusionof the sulky plow;

-

Hugerstrand (1953) described this curve' for many'innovations tn a rural

4

number of potentta]'adopters (that ls, as assoclative processes within
laggards lead them to change their conceptions of the innovation) . o
Thls S-shaped, growth curve flrst was described by Tarde (1903). .

Since then, 1t has been found consistently In the diffusion of tnnovatlon . y

Pemberton {1936) reported that postage stamps an¢ state adoption of
constltutional or statutory limits upon the taxation rate of muniéipa14
iiies could be described with it; McVoy (1940) found the same curve

with the diffusién of citx mznager plans; Ryan aﬁd Gr055'(19b3) and Réan “
{1948) identlfied the S-shaped curve with the spread qf Aybrtd seed corn

society. Yet, there are exceptions. - Rogers et al (1972) suggest that

thls traditlonal diffusion curve does not appear when the innovatton
lnvolves a taboo topic (methods of birth control for example) lt*is
possuble, however, that S-curves do rot appear with such phenomena simply
because the processes |nvoIved‘¢a?es so long In gett[ng started.

There have been a number of attempts to describe thk\ S-curve
mathematically. Pemberton proposes the binomial formula, X = (a—b)"
whére a and Gi the probabilities of acceptance and rejection, equal 1/2,'
and n is the growth exponent. This formula describes a normal frgqueﬁcy

—

distribution which, when accumulated, becomes a normal oglve. He reasons
1

that b

because the time of adoption is complex, factors operathg )
to cause adoption prior to the average time may be regarded

as equal to and counter-balancnng the factors causnng

addption at a later than average time. The time of trait

acceptance in any given case is determined by the chance

combxnatnon of factors for and against adoptlon (550) .

18
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If multiple causes exist which produce chance adoption before and
after the mean, however, than p = 1/2 is wrong because probabllities
are not equal. This suggests the polynoﬁia\ formula

N . 1) n.
' + + oee b
) (l/m.‘ l/m2 l/ml) .
7 , \
»ﬂef, if probabiilities do not equal 1/2, then the curve Is assymmetrical
and does not resemble. the S-curve. Pemberton also makes an additional
assumption which 1imits the usefulness of his model:  the populatlon

must be homogeneous with respect to adoption. This never s the case. '

it is the characteristics of a heterogeneous society-—positfbn_ln the

social structure (Rogers & Shoemaker, 1971; Katz et al, 1972), physlcal

r i . N "é‘
proximity, and information distribution (or, mass medla and network
. s N

Integration)~-which are the most/yseful in analyzing diffusion of

Innovation.

¥
)

Dodd (J?SO, 1953, 1955) présénts a mathematical model of logistic
d{ffusion. ‘lt begins - with the differential equation, dp/dt = kﬁd,\\;“
where p = proportion of knowers or adopters. tn the population, -q = 1-p,
and k = a proportionality constant (whlgh'describes"th? probability that

3 /
an interaction between a knower and nonknower will reﬁult in adoption).

°

Dodd's formula is integrated to produce P = 1/1+{q/p)ekt, th; accumulated
logistic equation. As with Pemberton, Dcdd mages an assuwption which
fnvalidates his model as a descriptor of cultural change. He assumes

that diffusion pOpQIations caﬁ be divided Into two groups, knowers and
nonknowers. Yet, ihe rate of cultural change derive$ from cdpttnuous
movement in the spatial maﬁifold, not from a dichotomous declsion to

adopt or not. The process’is a cbntinuous-oﬁe and It is impossible

to categorize the édpulatlon'into any two groups because there are no

criteria for such a decision.
10
<




growth. Coieman s does not. His second curve always is a decaying

Coleman {1364) érOpéses two diffusion models. One follows from

Dodd but assumes that persuasion Becomes increasingly rvedundant over
time. People who already have adopted are the ones who persuade
others to adépt at a constant rate, and the diffusion rate js con-

stantly proportional to thelr number. The differential equation which

summar{zes this relation ls dA/dt & KA(N-A) where, A = number of

‘ adopters, N = population size, k = a change constar.t. Iniegrated, the

.predictive equatlon becomes A = N t/N-l+ek'_c. Again, this model is i

flawed by a dichotomous parameter, adoption or non-adopt:on

Coleman s second model describes diffusion as a decaying expo-

L

nential process. In this model, diffusion occurs within a limited

°population, Anformation proceeds from a constant source,(such as mass

média) "which is independent of the number of adopters. Thus, In this

case, the number .of adopters at each point in time is proportional to
the number of those who have not adopted the innovation. The accumulatea
number of adoptlons increases as a decaylng exponentlal function of “time.

The dlfferentlal equation describing the process is dA/dt—k(n'A) At t=0

and A=0 the predictive equation becomes A=be K. And again, the as; :

sumption-of a dichotomous dependent ‘variable rendeis the model useless

fol the measurement of conceptua] change.

Problems caused by the lack of patterned |nterpersonal networks
an& the assumption of equality In mass media usage raise additional
doubts about thls model. Also, at the lower limits, thé process Is not

described accurately. Here a diffusion curve should reflect exponentaal

Y

" exponential functlon. "A flnal problem here (see flgure 1) is that the

predictive equation becomes asymptotic at zero rather- than at the number
> .

. .20




of potenttal adopters. The tntegrétéd equétton for correcting this
problem is Aubd“§t+xu.5 ;
' . thure 1 about here
For Hamblin etlél, (J973) diffuston resembles exponential'growth
of the type suggested {n this differentlal equatlon: dA/dtnkA where,

A = the quantity of the attribute and k = the rate of growth. Inte~

grated, the predictive equation 15 Asbet. While this model does not

assume binary adoption, 1t 1S ot without 1ts difficulties (see Figure 2).

Bzcause 1t assumes an Infinlte population, it dons not reflect the

diffusion process accurately at the upper end.
Figure 2 about here

Thesc authors later suggest a model which does. It is @ comb tnatton

of an eprﬁentlat growtt and decaying exponential functlon, and can be

descr!bed by the differential equation dA/&tnkA(NaAJ‘ﬁhene, k = the ..

A = the number of

integrated, the predictive equation becohes-A=N/|-be-kt. Yet,

level of "relnforcement, N = the population size,

adopters.

again, utility is limited because of the assumption of a dichotomous

dependent variable.

S0, while none of these formulae are totally applicable to-a -

conceptua\!zétlon of cultural change (as presentgd here), they do pro-=

vide descriptlve insight into the diffusion curve.' For example, note the
{ .
comment of Hamblin et al, (1973: +48) on pemberton's model: y

pemberton's theory has never gained acceptance,

e s

In part because there s no equation that descrlbes.

the normal ogive {we have only the dlfference equatlon

for the normal frequenry distribut!on). This means

that no one has ever been able to inVestigate the

S 21 )
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parameters of the oglve to see if, they make, sense.
Thus, rather tronically, the oglve has never been
vejected, so far at least, prTm;rIly for theoretical
rca;onS. There is no theoretlcal equ;tion and,
therefore, there are no parameters that can be
explained. .

There 1s discrepancy on this point. The formula for a curve

normally distributed about the mean at zero is y =(21)']/2 exp (~1/2 xz).

Integrated, thls formula describes the normal ogive which equals

X "5
) (227)]/2 exp (e-1/2t%) dt.

- -t0

The problem with this curve is that it assumes infinity. It starts

at negative infigj%y‘and approaches the population size after an
'.ihfiﬁ{E; tf;;ﬂ;erlédfé Finite 1imits must be placed on the curve tf.it
Is to be reallstic in descr{bing social phenomena. This is done by
limlting observations to Include only those persons who adopt withir
three standard deviations of the mean, thus including more than 33 per
cent of the population. Problems cadsed by negative infinity are
solved by tréns!ating the coordinates from a mean of zero to the

observed mean. The general formula for a normal curve which applies

in thls case is y = 1(0 (ZWET/Z exp (e -1/2(x-1)2/0). The prcdictiQe

equation {see figure 3) becomes

s :U 1/2 exp (é-l/Z(B'u‘ 2/g) dt,

This provides the best predictive model for innovation diffusion in an

ideallzed situation. 1t assumes only that the population is distributed

» A
At




normally with respect to the adoption probabllifitles.
. Ptgure 3 about here .
In the typlcal sltuation, one can expect the diffusfon curve.to
reflect eXponeﬁtlal growth until an lnnovation {s approximately one-
half acculturated. At thls polnt, the curve will become one of
'decaylng exponential growth. Thus, the predictive equatl;ns are:
X-bekt for 0 <t <1/2 and ane‘kt+kg for 1/2< t< 1. X becomes asyﬁptottc
with the rate of behavior suggested by new Information as it is acqutréd
by persoag']n the receiver system. Such an asymptote applies only to
unidimensional cases; for the mu]tidiménstonal concept presented here,
- the curve Lecomes asymptotic with. the distance relation a&vocated by new
Information. l
Th!s mode! assumes that adoptive behaviors are dlstributed normal ly
in a populatlon of potential adopters. 1f this assumptlon can be met, -
then the curve maf b; described qg the normal oglve with the modifications
suggested above. This model describes the ldealized diffusion curve and
need not be accurate for each and every case. If rapld adoption were to
take place, as when a change In the law requires a change In behavior,
the the slopc would surpass 2.0 at the midpoint of the process. On.the
other hand, the diffusion of a taboo toplc would take place slowly and
the slope would not reach 2.0 during the process. .
Yet, the variables that Rogers and Shoemaker {1971) discuss aré:
parameters affecting the curve's slope and the length of the process.
Sgructural factors {( a well~integrated communicatlion network within the

adopting society, for exzmple)- shorten the process Ind Increase the slope.

And thls is typlical of modern Industrial soctetles. Yet, in. traditional
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soctetles (without well-defined media systems)--such as the ones detatled

by Hagerstrand {1953)--assoctatlive structures change slowly; the slope

of th2 resultant curves are not nearly as steep. Thus, ‘the curve does
provlde a model agalnst which the adoptfon of tndividual tnnovations
and diffuslon campalgns can be rompared.

Empirically, the curva: is estahllshed by plotting actual change
rates'against time. Then, a )ine is fitted to a least-squares best flt.
F!nally, function Is defined by a determination of the slope at each
point. - ) ' ¢

Summary and Conclusion

The model advocated hereﬁcan_be used to concepiuallge geneta’ studles
of soclo~cultural change as well a; specific investigations which focu;
on changes within cultures as 1}qovation; dlffuse{ The model ts postted
atxthé socio-cultural level. Thus, it is deslgned for the Investjgatton‘
of change within social systems rather than for attitudes held by
individuals--although It is'conslstcnt with otﬂer inforimation processling
and attitude change models (Barnett, 1976; Craig, 1976; Woelfel, 1977;
Saltiel and VWoelfel, 1§75; Woelfel-and Saltiel, 1974). .

This conceptualization examines the Innovations-wltﬁin a ;u!tural context.
Settlng Is defined by complex interaction; amoné cultural objects, and
between these elements and social change mechanisms (the innovatlons!
themselves). The assoclatiOnal structure provides a holistic ptcture

which leads to increased predictability of future behavlors because it

takes into account all situation-specific relations affecting the actlons

‘of a soclety. This has been demonstrated within the political context

by Barnett et al, (1976), Serota et al. (1977, and Cody (1977) Also,

over time measurement increases predictability and provides a dynamlc




plcture of. the change within the soctal system being InVesqlgated.‘

The model has the addittonal advantage of a1lo§!pg fhe dertvatloh
of message strategles to most effectively alter the assoclattonal
structures with respect to the innovatfon. And, the obvlous corollary
to this Is that probabllities for adoption of he objJect, practlée, or
ldea .are maximized. Proceduées for this involve vector anaiysts
of the multidimensional spaces ané some assumptions derived from the’
Woelfel-Saltie!l attlitude {heéry. Equations necessary to perform the
analysls are provided by Woelfel et al,- (1976) and emplrical demonstrations
are provided in a political contex <¥ Se;ota. et al, (1977), and Cody

N
(1977). .

4
" i

Thys, the model presented heté\érovtdes a pargdlgm for future

research Into Qfou§{qnnof“lﬁﬁdv5¥lbn«phenomena. In applying this

e X ~ Lo

approach, one requirément Is contfnuéllmeasurement from the start of

the process. This Is necessary if éhc mgthematlcal model is to be

tested tested realistically. c!egrl§; the gereral model should be tested
and effecgs of various strategles meaéured in terms of the overall

curve.

tn this way, future diffusion campaigns can be run more effectively.

-
~ -
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NOTES
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" Acknowledgment is due to Joseph Woelfel, Everett M. Rogers,

.Rolf T. Wigand, James A. Danowski, Robert b. McPhee and

Cralg Harkins without whom this paper cou]d not have been

written.

The technique propos:d here is based on the classical multi-
dimensionz! rcaling model (torgerson, 1958). Other non-

classical multidimensional sca;ing models are available, but

these techniques apply principalﬁy to the reducticn of matrices
which are merely ordinal, and so are not applicable tu the
continuous, reliable ratic scaled data provided by»the measurement
system proposed in this paper. While they provide an accurate de-
scription of the structure of the data, chénée In the épacg over
time cannot be observed. (Shepard, ' 66 51972j- '

Woelfel (197h:l35 has outlined severa} key advantages to thls
fechn!que: “First and foremost, no restrictions are placed upon
the‘respondent, who may-ueport an§ positive real value whatever
for any pair. Thus, the scale is unbounded at’ the high end and
continuous across its entire range. Secondly, because the unft

of measure is always the same (j.e., the unit Is provided by th
Invest:lgator in ths conditloﬁal, '"I[f : and y are é_unlts ap;rtﬁ'
and thus every scale unit is 1/u units), and because the con~
dition of zero distance represents identity between concepts and. s

hence a true zeto, not at all arbitrary, this scale ls what soclal

. sclentists usually call a ratio scale, which allows the full range of

standard arithmetic operations. Third, since the unit of measure Is
2C




provided by the experimenter it is possible to maintaln the same

unit of measure from one measurement to another,.both across samples
and across time periods, which'is cructally important since time is
one of the primitive variables of scientiflc theory. These three

characteristics taken together provide the capacity for comparative

and tlme-series analyses at very high levels of precision,"

4. This assumes that the communication within the social system ts

elther random or normally distributed. (Soiomonoff and Rapoport,

1951).

5. | would like to thank Robert D. McPhee for hxs help in reformulating
Coleman's equatlons to a non-zero asymptote. The proof - of the

correct so)ution is ngen below:

Problem: dA - -
yia K(N = A)

Solution:‘ A = be Kt + KN

-/
/ Proof: g%_= -Kbe Kt
/ "o KN - KN - Kbe
= K(N - A) ' ¢
Q.E.D.
o
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