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ABSTRACT .

”hls paper Levlevs a number of past studies in «he
field of diffusion research, describing *he major features of each
diffusion . m@odel and dlscu551ng its value for predlc ing the spread of
educational innovations. Following this.review, the author presents a
nevw autocatalytic diffusion mogdel based on the mathematical models of
epidemiologists and chemists, This autocatalytic model is adaptéd to
the study of educational innovations, and then the model is applied
+o historical gata ayd used *o predict the life cycle of six
different educational inrovations. The predicted life cycl€§/;;:;£ed
the actual Listdrical ta very well in five of *he six cases. The

author also uses odel to project the future adoption life cycle
of the semester system ir On*ario secondary schools, an innova*ion
that is still in the process of adoption. (JG) p
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AN AUTOCATALYZIC MODEL FOR THE

o
‘ &

- DIFFUSION OF EDUCATIONAL INNOVATIONS

,\ ' .

" The spread of educational innovations is a topic that has been investi- -

’

) ‘NM;A‘,mgasﬁg_ixgmag_gglti;udg of complementary viewpoinés. Some individuals have

been interested in dissemination of particular practices,or’products; others

> . C
have studied the diffusion process itself; still others have ‘focusfed on the

oL aQopters, their charactgristics and motivations; and most recently, investi-

gators have concentrated on the problems of implémentat}on of innovationms.
This paper is in the tradition of diffusion research, but is an'outgrowth
of recent developments in a quantitatf%g approach ;hat has emerged in the
field of marketing ihat, in turn, has its roots in the matheméti;al models
of épidemiologists studying the spread of diseases and chémists investigating
the nature of chemical reactions. Ig particular, a new Qodel to describe the
diffusion of new prfictic a;d products is presented, §im11ar to'thai propoéed
by Bass (1969), The moddl is then aqplied’to a number-of éducational and
busipesy innovations. The find;ngs are related to tﬁe Iiterary tradition

L]

of diffusion research (Rogers, 1962, ig}!; and to several concerns about the

- nature of change in education (Housej 1974, 1976).
{ &
v Background

The tradition of recearcﬁ on the diffusion of edqsational innovations is
associated with the work Jf Paul R. Mort at tﬁe Ingtitute for Administrative
Szudiea, vheve over 150.scudiea were completed over a period of forty years,
In:sumnarizing the ovcra!ching.findings.:Morg (1964) concluded, in part;

1) a long time elapses between recognition of a need and creation of

an Acceptable solution} .

2) the spread of an edﬁcational innovation proceeds at a slow pace,

requiring decades ta complete;
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tﬁe\rate of diffusion for complex innovations is the same as for

-~
- .

“—"FimpLE‘oneB;’fﬁough expensIve innovations’ proceed_more,slouly_thaneinexpensive

r

ones,

) during the early stages of its introduction, an innovation is usually
"inviji?ié‘”’gut—its spread is relatively rapid after 1:é recognition; :
5) communities vary in the degree to which they take on to new practices.
The Mort studies also discovered, as suggested by point four, that inno-
vations etch out an S-curve when plotted cumulatively through time (Rogers,

¢

1971), and a bell-shaped curue if plotted annuaily. It is the mathematija;/”
modelling of these curves that is the focus of this paper.

Rogers brought the strands of diffusion research in rural sociology,
education,.anthrOpology, sociology, medical sociology, and’induatrial history,

economics and engineering together in Diftusion of Innovations (1962). The

university of the S- and bell-shaped cugves describing tne life cycle of the
adoption of an innovative practice or product was establighed beyond doubt,
though attempts at their quantitative description were rather unsuccessful,
At the same time, various concepts were presented Which give useful meanings

to more complex mathematital formulations:

Interaction effect = '"the process through which individuals in a social

system who have, gpoted an ‘{nnovation ,influence, those who have not yet adopted...\
If the first adopter of the innovation discusses it with two other members of ‘
the social system, and these two adopters each pass the new idea along to two

peers, the resulting distribution follows a binomial expansion. This mathe=~

matical function follows 8 normal shape when plotted (1§62, p. 154)."

Adopter categories - Adopters can be grouped inta innovators,‘early

adaopters, early majority, late majority and laggards.
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Combining the meeha?ism auggested in his definition of the {ﬁteractIOn -
eliecc—uizh zhe:idea—az—adepzioaﬁ9£~a azaet&ce ﬁp!eading'from & group»of fee -

: N . \ \
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"Most individuals become aware of 1nndvations fron mass media and

then proceed to discuss these 1nnovations with peers as they evaluate )

3

- the idea,,,, Essential to the 1deq of a two-step flow ig a diatinctton

[y . . L, e
e . between opin{on leaders and their followers..,.(p. 214)"

13]

. . ‘ ,
+vee In other wovds, when garlier adontevrs talk to later adopters

\

about a new idea, the rate of adoption proceeds more quickly than,
when chia commuriication does not oceur, ‘ | \
The interaction effect $s generally aimilar to the ptocess by. -‘ P
which an infectious diaeaae such as scaplet fever, diphcheria, or
medsles apreads thtough social syatem, Bailev (1957, pp. 13-22)
analyzea the infection process in terms of "infectives" (similar to
activs adoﬁkers of a .new idea), "susceptibles” (these who.pfc;not yet
infected), "reqpvala" by death or {solation (similar to,?aéuivc adopteta;.
and the ”1ncubatiag period” (aimilar to the adoption }eQZQQ)...: Thera ‘
is close theoretical ;?§ilarity of the infection process to the diffu-
‘ sioﬁ p;oceea. Perhaps some of the complék mathematicqi equations
obtained fax difffrent types of epldemics by Béiiey 61957) might be

L4

fitted tn the diffusion.of innovations (p, 211" |

. M { L ‘11 ~— \f\ 1]

- Ivonically, Rogevs suggestion to apply the mathematics of epidemiolegy
D ‘ o 3

ta diffusion vesearch was taken up by the one ;radit&dn_he had omitted:’

mayketing, At the time, he had noted, ”Katz'and LeviA}(1959) iiq; of

traditions includes marketing research which the present "list does not.
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Thare ate relatively few veseareh studiea available in the £ield,

.
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'may be in the £iles of private agencien.. !

- 1g that it peruita a fotncaat of the cimina of a :urnd(j,\} n sales during

. 8 period in which aaleq a¥e growing rapidly, vhere natve forecasting modele

Prdbablv ttue, hovevew, that '
. (Kata and Levin, 1959)."

Bags (1969) develaped a growth model for palea of new produgts related
to the mathematica}. theory. underlaying céntagion mo?ela apblicd {n the

field of epidemiolgy, Bass notés, “Bahauiorlﬁ. the asgumptions are gimilar

.in certain reapecie ta the theoretical,concepts amevging in the litetthté

on new product adopsion and diffusieny,.. The model differs frém models’
based on the lds-normgl diacribﬁtién (s Haaa!ipld.,1961) and other
growth models ,,, in that the bahauiorai aaepupt}onu are explicis (p. Zlg)."
I can alsa be nated that the nommal disteibutimn used to desqribe the '
distsibution of adoptera by year, which Rogera (l962) ‘advocates, ie
necessatily rejected by ‘the Bass approach pince, 1) there ia no behaviozal

racionale for us¢ of the normal or Gausaian distribu:lon for the purpose,

" and 2) the Bass mode], daes not raduce Qo a normal distribution.

——

_The Bass model ia concisely summagiaed in Nevers (1972) and Dodds (1973).
and the latter notes the model s aucceaa not only in modeling past behavior

but in pyvedicting future behavior: "One of the udvatagea of the Basy model

4

tenq ta project’ indefinite sales growth at rapid rates. Thug Bass -in 1966
accuxately prédicced that a sales peak would occur 1n 1968 for color tele~
vision set sales at 6,7 million units, while the {ndustry was building plant

capacity for 14 million picture tubes. The overly optimiétic"industry pPro= '

jectiong rasulted 1n rather sdveré economic dislocation which might have been

avoided (Dodds, 1973, p, 308)." 1In addition to the "adOption of new color

5
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N ;eievision sets, Baas applied his model'E6<§‘ﬁﬁiBér*6f other eonsumer items,

» ) ___Nevezs (1972) euteadgd the Bass model to the retail service, agricultute b

and induetriql techno!ogy eectors. in addition to gpat of consumer durables,

results are good both in terms of estimated time and magnitude of sales
peak, A ten year prediction for McDonald's franchises (1953 to 1965) "over

- . which an actual sales peak was realized, vielded very good vesylcs (p. 87),"

~

For industrial tgchnology %nd agricultural sectovs, results were veasonably
,' good, though the ghopt period'to peai adoption ‘case some do;bc so0 ON Lhe
significance of predicted times kp.*87)." Foy the consumer sector, results
- were excellent for boat trailers. and within four percent of the magnitude
. of peak year salea fo: colour televi\\qn sets, though peak saleaJwere pre-

dicted one year earlier than they actually ‘occurred. See Table 1,

r

Dodds (19735 iﬁproved.oﬁ the methods used by Bass (1969) and‘Nevers (1972)

.

‘ "7 to estimate adoption curves and parameters by using non-~linear estimation

-

techniques in place of their ugse of linear regression.

. - . I TABLE -1 ABOUT HERE

— . /

if. evaluating his vesulta uging multiple regrasaion. For the first, hs notes,
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Following Nevers' lead. it would be possible to test the Bass model

*

with educational data, How well would {t fit,qqay, the data reported by

N - ¢
* immitators-~as proposed by Bass. The concept of a rate constant which is

. )
Carlsor (1965) for the adoption of Modern Math $n Allegheny County, K

Pennsylvania, and the State of West Virgin{a? 1In what year would it

predict the peak number of adoptions of the semester system in secondary

schools of Ontario, Canada, given the numbers Having adopted semestering

S

in the past five &eats?

These questions are answered in this paper, but using a model developed

N

< _ 5 [

. .
{ndependently of Bass by Lawton {1574). 1In many tespecis, this wodel is

-

similar to Bass's in that it uses formulations developed in epidemiology

and, incidentally, chemistry., Terminology from the latter field is used

. - ) AN ’

to describe the model: an autocatalytic model for adogf&on of innovations.
- . ~ -

In chemistry, a reaction in which the molecules of a substance formed as

»

the reaction proceeds acts as a catalyst to hasten the formation of addi-

tional molecules is termed "autocatalytic.”" This terminology is particularly

£,
appropriate to the adoption of innovations since this type of reaction is

analogous to Roger's interaction effect, described previously, which recounts
: . -

the influence of one adopter on others who have not yet adopted a new idea,

practice or product. - : . ’ . /A

The autocatal¥tic model described below has at least'tﬁo notable

. | /

différenceé from the Bass model. First, there is a single rate constént

p for all qdopters, rather than two rates--one for imnovators and one for _

.

determined experimentally is fundamental to the study of the velocity of

.

chemical reactions (Sienko and Plane, 1961). Typically, the rapidity with’ .

which two chemicals react is proportional to their concentration and chemical

nature, to temperature, and to the presence of a catalyst. Any automobile
owuet.living in an area of severe winters or in an oceanside community is
a ‘ , ‘ l

3 N
. ¢ »
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well gware that iron rusts more quickly in humid weather than dry'(i.e;,‘it

o

depgnds on the amount of moisture in the ajr), and that this reaction is s

""—3EéEded*by—the—preseuce*uf‘sait-A*Whiiegafcar—in—fbeonix might take-39-yeats

to rust, the same damage might occur in Toronto in just 3 years; that {ia,
rusting might occur 10 times as fast in the latter city. In theory, the rate

. 7
formula for this reaction might look something like this:

'Rate = p (concentration of moisture, salt, iron),where p is the so~called
"rate cqpstant," which must be determined by experiménq. Clearly, 1f stain-

less steel were substituted for iron in the same equation, p would be much

smaller since the rate of corrosion would bé much less. This co@cept of the

rate constant can be developed using the@iisease analogy, as well: a high1§

v contégiqps disease has a far larger constant than one which is not easily
. N . ¢ 7 ’
spread. In.both cases$, the rate constant does not depend On the extent of

L]

. s L ] L I .
, given innovation in different jurisbictions can be: compared directly, as can
~A . S - : :
gates'cggpn;ed from e{ther raw data or percentage distributions. In addition,

the mater{fals or populations invol:;?[ Hence, rates for adoption of a '

-~ ' S . i
the ¥ate constant for the autocatalytic model differs from that defined by

-Rogets (1992, p. 139). The Iatter gives a digstinct value from year to year,
h~—/

r .. making compatisons even between the same innovation at different times and

different places impossible. £1m11at limitafions apply to the uge of rates’
e
foz different innovations using Rogers' definition.” The second important

dépqr:ufe from Bass (1969) is the use of the notion of a "seed" which starts

the adoptipt process, much as a seed sets off a chemical reaction. Using

*

//Egzﬂiseahe analoéy, this seed is a group of carriets" that inttoduce a

disease to a new population of "susceptibles , thus starting an epidemic.

’

- ‘., ~

.
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Whefggg_Baaa and Lawton have, in essence, procéeded from Rogers'

concept of interaction te the macroscopic, Carlson (1965) proceeded. to

"area undar the higtogram which gives the percentages of adoptions over time--

‘period of adaoption is over, lHowever, the definition is uselcsslif one

the microscopic &n Adoption of Educational Innovations. His analysis of -

. . /
social interaction (p. 19) suggests the internal procegses of an-auto-
catalytic reaction, which the mathematical models describe only in terms

of cuhulative effects, Carlson does prasent cumulative data for six

e

educational innovations (Modern Math, Language Laboratoziea._Team Teaching,

P

Programmed Instwuction, Acceietated Programs, and Foreign Language 4n+
elementary aéhoola).~and he relates rate of diffusion~-defined as the
<
with characte;istics of iadividual innovationa. As an empirical definition - -
of rate of diffusion, Carlson's choice may be sound if an innovation's

¢

wighes ta predict the gourse of adoption of a new practice, such as s@mester-

J

ing, when—tf%‘apcaad has just begumn,. Of moat relevance to thie étudy is the

T PR T P

data GCarlgon presents; its reanalysis using the autocatalytic model appears

latey,

. - . ™
More rvecently, House's The Politics of Educational Inmovations (1974)

hag elaborated en the sodial process g@ {uplementing innovative changes in s

education, Much of his analysis congdrns the distinction Qetwegn’innovacions

adnpsed by twa differen; types entitiegr-the individual for what he‘tarma’

household innowationa," gp’the prganization for what he terms encreprenautlal

innavatinna which are meant, in the endy to affact people other than :ho-a

dirgctly invalved in the adopting agency, Euamgles of the firat are televiaioﬁ

\ t

sety and automobiles. examples of the latter are computer asaisued instruction
—o"
and McDonalds' !ranchiafn.

A
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In general, House is critical of diffusion models, such as the informa~

tion flov model propoadd by Pederson (1970), because t;_x_ignd.znigign;gll_

~——adopters—aa—aquat——equuttyfawuve'and eqAall2_l1kgl2_:n_ndnpz4__ﬂnuse_nntes__ —_—

T‘*h*ﬁ'ﬂﬁﬂumpt10“‘13Tf§taﬁifﬁﬂdi§mph8Stles_Qhac social structure-is the——

( . dominagsing force, particularly in the cage of Hhéspteneurial'1nnovacions.
This latter paint is graphically illustrated b; points plotted on mapas of

N - 1llinois showing the atace-wide bptea& of programs f%& the. educatiénally

gifted, Clearly, urban centres located along maior highways adopted firaz.

4

while small, vemote ruval communi:iea adopted 1ast.

L3

In fact, however, uouse has not actually rejected diffusion models. "
' )
he has gimply refinéﬁ the target population in€o ever smalley groups on

.

the baaia of various factors affecting the likelihood of adoption., In,
- y -

] o

“ =7 marketing terminology, he has Begmented the market according to size and -

’ ” 13

‘dengraphic psoximity ¢o transpartation corridars. Since in practice
diffusion models generally assume the asimflarity of a&opp;ng units,

market segmentation clearly makes them mora applicable by making the -

¥
.

Populatinns ta which‘ihey‘are applied more homogeneous in fagt, Recognition
that detailed analysis of hoth pOpulation structures and the adoption/
) implementation process is possible, and ipdeed necessary. does not contraw
P dict the validity of macraacOpic modeling of :he diffuaion proeess. The
sicgatiow 1s not unlike than which accurs in chemiscryx o .
"For ;moat reactions, it 1s’5§1y the pisappearanee of starting materials
. and the appearance of finn;/ﬁgﬁducts that can be_detected; %.e.,, only the
net veagtion is -obsey abla.. In general, hovever, the net reaction 1; not
the whale stéry but ai piy represents a summation of all the changea;tﬁqt

agcur, The nat change may actually consist of several conmecutive reactions,
- >

each of which conatitueen & atgp in the formation of final products....

>
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It R impévtant to keep clear the diat!necion between net reaption and
s = -

oné step 1n thac reaction (Sienka and Plane, 1961, R 23D,

a7 T

Sa, too, macrosconic d{ffusion models such as that presenced here

- ———focus on net effects. Study of individual steps, in.all their (Linest

A

' 1s an important complementary area of inveatigation., <

, Overview of the Autocatalytic Model

Immediately after the appearance ol‘a new practice, product or idea
«  _in the educational avena, {ts adoption by educators, schools ég school

boards unfolds vear by vear, A plot.of the adoption of such an "innova~

e

The life cycle function containsg some of the eesential information

. needed for plaaning and diseemination déctﬁf§;§: The sum of all the

numbers of adopters for each year (the area under the "curve') represents

the total population of adopters for the innovation to whbgfggggxmazion‘h

myst be’ disseminated oy training provided; the peak height provides informa-~
. tion about éhe capacity of tZe_fraining or dieseminating unit (if any); and

the width of the curve gives time elapsedibatween first acceptance byvinno~

v

vators and late acceptance by laggerdq and, hence; the date at which support

services can end, .
J .

e » q 12 i

and non-linear) complexity and with their host of intermediate results, -

tion" against time ylelds a graph iike that in Figuse 1 for NEWSTYLE
teaching., Thig plot of adopting uni’f (in this case teachers) as a
function of time is called thé life cycle of the innovation. L
. . -
. - v’
' _p,ew////{ Insert ‘Figure 1 about Jrere -
. ‘ . S
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If. this life cycle eurve wera known prior to the emergence of an
innovation, then the planning and dissemination decisions concerning the

innovation would be greatly simplified, Of courh;. thé exact life cycle
. » &

cannot Pe known until after the and of the eycle, tod late to be of

agsistance in planning and dissemimation deedsions.
. -

The difficulty’of making reasonable ﬁredictioQQ aboﬁt 1ife cycles is
perhaps most severe when o;é i8 dealing wi{th truly "'new" ideas, practices,
and produc:s’which are drastizally different from those that preceded.
Opep plan schools, programmed instruction, semestered-high schools
(radically different for Qntario, 5: least), and'two-tiered metroéolitan
‘governance of schools are hut a few examples. Thus, the potential valﬁe
of applying some of the results of studies ;hichﬁhave focussed on the time
evolutiéﬁ of adoption of new proddcis (e.g., Base, 1969) ;s obvious.

Hogt éf the models that have been developed are aified at a broad

range of distinctive ''new" practices and products, as opposed to minor

changes' in those currently in usSe, which have the characteristics that

Eﬁgﬂggggyg;ionjcan be adopted but on;e during its life cycle. ﬁence, if
. a school has adopted programmed instruction for mathematics and_later
replaces‘wo:n brogrammed texts, only the first adoption i;_counted.
FPurther, the model ignores ceediﬁgly important possibility that
" th; innovation might/5g/:::iz:;g:::::j-:;-;guzz’::cur if programmed texts
‘ were replaced bv Compu;er Assisted Instruction for teaching mathﬁaticé.

Both the Bass(1969) and Lawton (1974) models put forth the theory
»

that the timing of an in&iv;ﬁual'é}%gitial Qﬁoption of an innovation is

strongly related to the number of previous adopters of that innovation.
' ¢

Essentially, Rogers' {nteraction effect, characterised by increased

//E}miliarity with the innovation as it is being applied fn the field,

/
¢

!
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and the desire to emulate opinion leaders in high status positions (or in
layman 8 terms, the deaire to "keep up with the Jones') are thought to
provide, in temms of soCial dynamics, the autocatalytic force.

Other possible factors, advanced by House (1974) include economic moti—
vation for profit and career advancemen;l might be of particular importance
in the caseof entrepreneurial innovations. )

Ultimately, the thorougn undersianding of this autocatalytic force
and the factors involved in fts creation is<of critical importance, As

House (1974) notes, the tempo of economic development depends on the speed

of the innovation's diffusion and implementation {p. 259)." Certainly,

4

i

control oﬁ;economic development is a critical factor in all societies.

#
Nevertheless, a thorough understanding of the,drive behind adoption of

innovations is not necessary for applying the autocatalytic model if one

can assume that, for a given population at a given time, the net force
- 9

is set. That is, one must assume that among school admipistrators in

o

given jurisdiction, the force would not chanée during an innovation's
adoption life cycle. . . '/
hough this assumtion limits the validity of the model in theory, it
ay be reasonable in practice. Only extreme changes in external factors
are likely to effect the process of adoption, judging from reaults reported
later, aad When tnese occur, they ar!@gnlikely to pass unobserved. Indeed
a Quasi—expegamental gituation is created when projecting the future path
of adoption for an innovation which facilitates the identification of
vntiables7a(§ecting the innovation ‘process. By analogy, the spread of an
epidemic can be projected earl§ in its course, even 1f the mechanism by

which it is spread is unknown. Further, a sudden cessation of_the epidemic

might provide a clue which would lead to understanding the mechanism. In

.

14
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_short, modeling the macroscopic is not dependent on undera:anding the

miqero-pyocesses, )

Haghemaoical models, such as that presented here, cannoz be Etusted
oy considered useful until they oan‘be shown eonniszent with, and p!ovlde ’
an explanation for, a large portion of actual life cycles of inmnovations,
As noted previougly, the Bass model has ptovon quite successful; so too

has the autocatalytic model for the adoption of innovations. It has been

v applind to more than thirty seta of data, and given consistently good

e

results, In particular, its predictions for the liming of and number of
adoptionsg 1n the peak year of the life cycle when applied to historical
data are excellent for {ﬁe following. A detailed examination wiil be

provided for the educational innovations in a latet section,

Education . '-..;Consumer Products
' ' Modern Math - o, Power Lawnmowers T
. Foreign:Language (elementary) ' Boat Trailers
' Lcceletated Ptogtams & ’ +Television Sets . )
Proignmmod Inazrnction . . .Clothes Dryeras ' " ' |
tT p Language Laboratories o ' Air Conditioner / &
. ! Semestering | » Freezars . . ‘ :
Retall Service . -, ‘ '—;acord Plaggta i
McDorald's feancnises _ Tape Recorders
Industrial Technology : Cable TV Subscribers )

Rapid Bleach Process licenses

¢

< The autocatalytiq model describas the entire life cycle for an inno-

" vative idea, practice ov pzoduct in tepms of three simple numbers: the

nunber of-unito Chat would adopt the innovation if no othet {nnovatiens

-
-

|
aize of the;popqlatlon of adopters,, denoted'by N, whieh {8 the total j
i

o R
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or disturbances occurred; the number of firgh ;gear adopters, deupzed by.

l‘ aud che rate conséant denated by p, which ia a méasure of hov fast

the ianovation apteada through the population of adop:era. Asria the case

in chemiatty. the rate constant for a given innovation or clasb of inno-
vations mugt be determinad by examining historical data which, in essence,
represents previous ' experiments.

The examination of gome thirty sets of historical date led to the
surprising conclusite that p i8 relatively stable for cogeéeer products;
(i,e., Hodse'a "household iqnovationa“) :nd may he atable though somewhat

<

laegey In magnitude for commercial and educational innovations, (i,e.,
Houge's "entrvepreneurial innovations)." I;:EZiscovery" is true, then one
needs only two parameters to eseimate the total life cycle of an innovation:
the size of the population of adopters N and the number of first year
aqopters el. The effects of differences in either the number of first

year adopters or the sizes of.pOpulatidns of adopters on the“s;bsequent
evolution of the life cycle curve can easily be exqminéﬂ;by ugse of the

model, ’ 7 p @y

Use of the Autocatalytic Model

The model can be used in four distinctiva waya. 1) analysis of :
historical data, 2) extrapolation of 1ife cvcle curve from early data
on tha adoption of an innovation; 3) prediction of life cyecle curve
before the introduction of an innovation, an%rd) estimating the "value"
of a3 totally new innovation from early edopcion data.

Analysislof historical data using the a&tocatelytic model amounts
to validating the model, Had tha modal Qb: been‘hble.to reproduce the -
chavactevistics of aatual life cycles, eben'i: would haYe.bean discarded,

In practice, tﬁe Hesi fit of the model to an actual life cycle {8 detar-

!
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mined by computer analysis, using an apprdach similar to that of Dodds
(1973), An example of such an anlaysis i{s shown in Figure 2 for Cable TV

subscribers, a typical household innovation,
Insert FPigure 2 about here -

Analysis of historical data provided strong evidence that the
autoZcatalytic model is quite consisteant with the timé evolution actually
observed, Figure 2 being a typicai example, In all, over thifty life
cyclgs we}e reduced ‘to the three‘basic parame;ers, N, 8ys and p.“At this
point it was discovered that the rate constant p tended to take on values
‘between 0.4 and 0.6 Yor consumer products, 0,6 and 0.7 for commercial
products, and 0.6 and 1,4 for educational innavations, Over the range
from 0.4 to 0.6,'differencea in the parameter p have only a GE{; mingr

"o,
"experimental" data, it would

effecg on the life gycle curve, From these
appeaéfL priori estimate of p = 0.5 shou{d be adequate for most analyses
of the adoption of congumer products; of p =» 0.6} for commercial products;
and p »~ 0,8 for educational imnovations of an aentrepreneurial kind. The
high value of the rate constant for educational innovations is particularly
striking in view of Moyt'as findinga that educa;ional innovations were slow
to spread; discussion of this finding appea;s in a l%ter saction,
Extrapolation or forecasting of fufurh adoptions of an {nnovation

from early adOptioné is a ;agzgguiarly pracfical use of the autocatalytic
model, As noted eatlier; Bass correctly predicted the peak year of colour
telewiéion sgles,. and Dbd@s (1973) deménétrated the capability of the Bass
model for extrapoating the life cycle of Cable TV operations. Using the

autocatalytic model to analyze data presented in Table 2 on the conversion

)

..
-
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of Ontario secondary schools to the semester system of scheduling courses
(Hill, 1974) produces the results graphed in Figure 3, given the assumption
that all 470 high schools responding in Hill's study eventually convert.

Note that 1974-75 and 1975-76 are predicted as peak years, with conversions

tapering off at the end of the decade.

. .
W et e & 1,

Insert Table 2 and Figure 3 about here

., 1f one assumes instead that the population of adopters for semestering

“

is only 250, then 1973-74 was the peak year for conversions, and that the
process will‘be completed by 1978~79. Regardless of which value of N is

v

used, p is quite large in comparison to consumer and commercial rate values;

equallang .74 in the first case and .85 in the second. Note that from

historical data of a complete life cycle, all three parameters N, 55 and

v tion procedure). 1In forecasting from very early da;é, however, it is

generally useful to fix N based upon "outside" information. Otherwise, an

exponential curve wopld be calculated with N being infinite. In this

example, the fact N = 470 vields a p with a smaller standard error than is

: true for ! vs. .07) suggests that ¥ = 470 is the more reasonable

. i
assun '
¢ Y

difficult, vet most important, use of the mbdgl. In this
instance; opinion survé&s might be uséd to estimate the potential number of
adopters (be thev boards, schools, or indiv#dual teachers) and the-number
most likely to adopt the innovation in the first vear. The rate constant p

would normally be taken as 0.8 for educational innovations, 0.65 for commer-

p can be estimated statistically (in this case using a nonlinear estima- -
|
cial products, and 0.5 for consumer products, based on the historical data 1

18
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Noted earlier. One cannot expect perfect accuracy, of course, since fore-

casting 18 inherently difficult, If the size of the population of adontéts

is grossly over- or under- estimated, or the estimate of first year adopters

is very poor, then ‘the projecfed life cycle estimate will be very poor. In

,.

education, sizes of adopter populations are in most cases reasonably easy

to estimate; e.g., there are about 650 high séhoola in Ontario, 100,000

hd LY

feachers, etc, Admittedly, these are maximums which may be applicable in
some cases and not in others, but at least estimates can be made on some

basis. Perhaps the best'approach is to use probahility distributions for ~
LY

population size, number of first year adopters, and p in order to produce

. . s
a band of functions which c8ntain the '"true 1ife cycle' with a certain

degree of probability.

Using the autocatalytic model to study the *value' of an innovation
to the papulation of potential adopters is the final application that can
be made, If an innovation is.so ;ovel thatAEhe adopting population is
‘unable tolappreciate its "true value", theté will be no catalytic'for?eﬁ,.
to impgl'the reaction. What would happen if demonstration projects weré
initiated in a few schools, or if a concerted effort was made to publicize
those already having adopted the innovation? In essence, these.steps
amount to increasing the number of firsi year adopters, 81s which ié an
;ndex’og the perceived vaiue of the imovation in the population as a
whole. Once one can sze;t §,» one can learn the effects on the life

a

cycle of doubling Sr tripling Sy~ In fact, It would be‘'seen that con-
. Jh -

, siderable leverage is supplied by Sq- If sagfequent adoptions were below

that predicted on the basis of the artificially stimulated s,, it would

1!

L
be concluded the innovation was not highly valued by the adopting pogy-
«v% 1

3y

hY

&
v

lation.
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tion of molecules of onae type into a population of moleculds of another
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Intuitive Development of the Autocatalytic Model . ‘ '

7Under1ying the autocasalytic model for adoption of ;ﬁnovatiqns is the,
assumption that the inngvations invq;ved elther provide Qn eytirely Qéw
function (e.g,., public da;~care for pre-school childrén) or provide a
gignificantly altered method or capability with respect to established ’
functions (e.g:, opep~plan elementary schools), The basic problem under
congideration ig Eh; dynamic aspect of the adoption (or aiffusion) process,
The process of unfo%ding adoptions’ may be viewad as the converaioﬁ*ot é>

population of actual adopters.. The nature and dynamics of this conversion .

T

process determines the life cycle of an innovation,
.l

Chemical kinetic models are concerned with the conversion of a popuia-

’

typé. Based on some simple mechanistic assumptions, these kinetic models
predict the dynamic (i,e., time evolution)\naéure of th§ conversiop process.
Thgse same models have been adopted to the study of éhe dynamic behaviour
of animal populations and eéidemiology. ’

Conside{ for the moment, that we hhve an experimental method for
teaching a Bubjecq,‘codename NEWSTYLE, that represents a radical departure
from previous methods (much_as immersion Fren?h differs from the araditional,
gtammayical approach to ianguage 1nsctuction2. Given its cost, attractive-
ness, ptactiéébility, etc,, thare are aome'numbeia of teachers (or schools *
or boards, de;e;ding on the appropriate 'unit of analysis) who would leimatély
adopt NEWSTYLE teaching if it we;e éi;seminatcd unchanged. This number, N,
is the'pOpu%;tion of adopters’ and is generallylunknown-~aﬁd may in fact change
1¢, for example, a change in regulations make NEWSTYLE acceptabla {n another
jurisdiction, f

-

Azrfhe instant NEWSTYLE teaching i{s announced to the e@ucational community,

there are no adopters, only N potential adqpters, tHowever, with each passing

20"
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i
yeap, asome pumber of these N potential: adoptera decide to adopt=~and ave

thus converted into antual adoptewa. The tiue evolution. of thia conversion .

_— — S ———— ’

generates the life cvcle of NEWSTYLE :eaching. o ‘ . -
The natyre of the coavorgion procgas. thohgh nat determ;ned by the

model itaelf, 18 suggsted by the research of éarlson (1963), Rogers (1962

1971), Havelock: (1970), Mort (1964), House (1554; 1976), and others, At

Y

) firat, since theye ave pe NEWSTYLE teachets, other teachers feel no pro-

fessional drive eo AES;E_IET* Alsga, they have ﬂ? opportunity to see other
teachers using it, no opportunity to discover 1? they 'need" it. In this
. éitua?ion, diffusidg will be inhibiced hy the l;fk of any social fé;ges
engouraginé itg adoptibn. Bat then, a féi 1nno?§§ots.'iqddviduals who
have wide contacts and are attracted towavrd new &efhods, learn of NEWSTYLE.T
~ decide to try it, amd find it to their liking, A; more and more of thetn
\ aseodIates adOpt NEWSTYLB the inhibiting effect af {solation !zom NEWSTYLE
decyeases and uyltimately vanighes., Thus, priéﬁr gdoptions catalyze (stimu~
late) later adoinons. Indeed, once the conversipﬁlpro;;sé beéin;. it is

doubtful that 1t can be-stopped except by extreme agtdon.

L Although i¢ {5 somewhat unflattering to édgcatibnal innovators, the

analogy to the agpread of a contagious diseaqe, as suggested by Rogers, is
- . / . - - .
very helpful, Let adopting NEWSTYLE teaching be equated to catching Disease

X, In this framework, some number of papple in Canada ‘are "susceptible"

to disease ¥} let this number be\N, the number of fadopters" of the disease,

The test nf the populatibn ia "immune," for reasona that are themselvea open

to investigation. Nothing occurs until some numbér of "carriers", denoted by
o . . - . T

n s enter the population,’ These carriers are not themselves "victims"
) S

. ({.,e,, adopters); they mevely cayry the,digBiigﬁg;d can commuynicate it to

"guscaptibles" ;k\qegfffﬁ; In the educational community, these n  carriers

|
|
' |
b rapreucnc the effects of dimsemination by field agenta. professors of _ i
N e - |
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edubatién, Minlstry Peronnel. leaders of pro}qaaional’organizationa. v
saleamen, advertising, demonstrationa, ete, They are not themselves real
adaptions (i,e., teachera using NEWETYLE in the claasroom), but they do
provide social 1m8etus By commupicating the value of NEWSTYLE te the popu~
lation of potential adopters amd by creating the apptoptiate imagery that
makes NEWSTYLE appealing (e,g., NEWSTYLE teachers are leaders) _That {s,
they catalyze susceptibles into adopting NEWSTYLE, |

If 5(t) is used ta denote the cumulative number of people who become
"411" (adopt) by year t, then the number who become "{11" (adopt) in the-

fivst year ought to be some fraction of the N "Busceptibles who come into
4

"contact -with the i:) cartiers . If one assumes'that the likelihood of a

"sugceptible' con

razeing a carrier is proportional to the number of "carriers",

-
-
t

then

§(1) = £ x nofx N : ¢ (i).

where f is a proportionality conmstant, n, is the number of "carriers' and N

1s the number of '"susceptibles". Once others among the "susceptibles" have
4

. °

become '111" (adopt NEWSTYLE), they too can, communicate the "diseﬁge" to

theiy fellow 'susceptibles' (cause other teachers to adopt NEWSTYLE); once

”111", an individual becomes "immune" and cannot become "1ll" (adopt) again.

. "
Hence, the number beeoming "i11" (adopting) during the second year alone,
”

B8(R) - S(l), ought to be proportional to the number of remaining susceptibles ’

-

N ~ 8(1), times the ﬂymber of effective "carriers", which now equals n, *+ s(1)

gince it includes those catching the "disease” in the first year, That is,
& $(2) = S = fx [n +8M] x¥-s@). (@

Generalizing to year t, the number who become "111" (adopt) in year t should

-

be given by - o ) , O

a7

28

S(t) - S(em1) = £ x fno+s(c—1): x [N-5(e-1)]. RO
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In the limit, the difference equation in €3) corresponds to the differen~

-

tial equation for a second order autocatalytie reaction in chemistry. The

differential equation is ) N ‘ ’ ‘

. and ib; salution, whicﬂJindicates the number of people who wiil become ''{11"

- Al »

S N A
(adopt) by time t, is, - .

N ) . . N

S(t) = (N+n°>(f71+(nln9)e'9“1 ~ g, o (5)

t

wﬁere;i: f*(N+no) is def{g&d to be the rgtévconstant. It can be shown

Y

(  Ldwton, 1974) that the number of "carriers" n can be .determined from
‘the ‘size of the population of adopters N, the rate constant p; and the
- N J‘ ! ’

.number of first year adoptersyg(i) = 5;. Incfact, BN

-
X~

§ (6)
,Combining (2) and (3) yields.a theoretical model for cumulative adopt{ons
\ . ~

of any new innovation in which repeated adoption is not a siénificant'factor

. n, = Nsle—p/[N(l—e-p)—si].

. or can be discounted. This model depends on the three basic parameters N,

/ ) ’
s, and 'p. Given these three numbers, the entire unfolding of both cumulative

1

and annual adoptions can be computed. L

The l&gé'czcle.fot such an innovatién is simply the derivative (rate
‘ '
of change) of the cumulative number of adoptions s(t). Thus, (2) and (3)

» .
provide a theoretical model for life cycles of innovations--the lapse between

introduction and total diffusion of an i{nnovation. In particular, the life

cycle, or rate of adoption by "susceptibles”, as a function of time, is

given by

N S

5(t) = pCr )0(e)/ [1ra(0)]?,’ v @)

where nois given by (6) and Q(t) = (N/nb)e'pt}

23 e

as(e) /a(t) = £hln +5(6)] [N-5(t)) . %)




Next, the nature and, charactetistics of the theoretical life cycle
model will be examined, followed by comparison of theoretical results with

thosq of actual life eycles.

First, consider the case of a very'innovapive new practice.which will
eventually have a very large number of adopters (i.e., a vefy large N), but
which has only a very small number of adopters in the ‘first year, relative

i 2 ~
» I r , N .
¢ ’ l "22- ) v *
Analysis Using the Autocatalytic Model _ ) .
to the number of "susceptibles'. That is, §,¢¢ N. 'For example, N might be 1
3

50,000 and s, only 500. 1In this case, the theoretical life cycle has the

1
bell-shaped curve shown in Figure 4. Doubling N simply doubles the height

of the curve without increasing its width, while doubling p simply halves
the width of the curve, making it more sharply peaked, thereby forcing all

adoptiong to occur in half the time.

’

' )
Insert Figure 4 about here

.

Next, consider the case where the number of first year adopters, By -

is only about one~tenth the total number of adopters N (i.e., {s an order
of magoitude less Fhon N). This might occur, for example, when a new series
. of.leatning kits 1; intyoduced by a publisher and a large number oE the
compan&’sioegular clients order the fi#st kit in the series. In such
cases, one might have 5 000 kits adopted 1n the first year out of a total
“

of 50, 000 that would eventually be adopted. In this case, the theoretical

life cycle has the appearance'of a truncated bell-shaped curvé,as seen

(4
in Pigure 3.

A

I T T T T VT T

Insert Figure 5 about here
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:
!
1
i
i
i
:
4
3
i




-

k =23 . C
R : Bie > ) : ‘M/\/
y . Doubling p still has the effect of halving. the length of the life cycle;

" that is, it doubles the rate of adoption, with twice as many adopting in

a given year, Doubling the size of N, However, is'fj/i;nger a simple
doubling of ,the hejght of the life cycle curve,

If él is less than an order of magnitude less than N (e.g., if.s is
4 ~

1

only one~third of N), the change in the life cycle curve is still more

striking, In this case, as seen in Figure 6, the life cycle takes on the

. v

chasacter of an exponential deca§ with the largest number of adopters in
oy thae

the first year. This situation might arise when the next issue @f-a seriex

of learning kits is idtréduced. and 20,000 kits are purchased by previous

c users who are familiar with and pleased with the kits., Doubling p still /

. has ﬁhé effect of halving the life cycle, while doublipg N again simply

§ .
doubles the height of the curve.

Insert Figure.6 about here

-y ‘ [}

It turns out, then, that the theoretical life cycle of an innovation

ﬁas the shape of a bell-ghaped curve truncated from the left. The éxppnen- ’

tial 1life cycle in Figure 6 is just an extreme case in which only the right
tail of the be!l—ahaped‘;u:ve remains. The degree of truncation depends
énly ;n the numbaer of first year adopters, 8y relative to the total number
of eventual adepters N, ) r

Besides the number of first year adoptions, there are two othgr promi-

?

(peak) adoptions, and 2) the maximum number of annual adoptions. These two

%

Y 4
nent features of an innovation's life cycle: 1) the time to reach maximum #
praopertias of the life cycle are easily predicted from the three basic 1

parameters, N, 8y and p. The relationships are derived in Lawton (1974),

and are summarized below.

\)4 4 - . v ’
L‘“#\
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. Wl &1&3 to peak adoptions: : _ " .
Vot In(N/n ) » —1-[1:\(N) ~ la(n 5‘1' . :;v (8)
s n n 0 p 0 o
% Peak adoptions: : v
s(tm)”e p(N-mo)/’o. . ' L (9)
where n_ = Nsle"p/{y(i-enp)vsi]? . ' ‘ " )
: égg}icaqion‘to Historical Data L . ‘ " j*
. Ag noted earlier, the authatalytie life cyple model {s only uae{ul
. sin;; it displays the characterlstics of aétual historical 1ife cycles

of the aggptidﬁ?qf innoQations} This reagongble nature of the model haé
- bebn demonstrated in ita application to sets of data selected from educa~ ¢
; .gib“* buéiness and industry, Values of N, Ay and p were estimated using )
noﬁline;r estimation techniques whiéh gave values resulting {mn the closest

agreement between thearetical and historica)l 1ife cycles., Presented

2

-below are the 1life cycles for six educational innovations; that of é

1

seventh, semestering in Oﬁfatio secondary schools, appears in Figure 3 -
proaentéd earlier, In each case, actual data aép plotted as a histogram

while the cheoﬁeSical life cycle is given aas a continuous curve.

The data for Figures 5 through 18are derived from Garlson (1968, p, 68)

using an Autorol curve pepder to gbtain'values trpm the graphical data he
presents, The data, in percentages; are reported in Table 3; A cross

%
check using Modern Math data (Carlson, 1965, p., 1§) indicates 9qy~etrovs

5y

. 4

are negligible,

r

' Insert Table 3 about here .
r M
L. ) R R N

~NL . . ¥
Pigure -7 ias concernped with the percentage of school boards adopting

Modern Mathematics in-Allsgheny Count¥, Pennsylvania, and thg State of West

-

Q . ;

P .~
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Virsiﬁia. Separate results from the two juriadtéei;ns are tépocted in
Figures 8 ané 9, The rate conatants for Allegheny County is conuiﬁevably
larger than that for West Virginia, ;uasesting that there is a distribution

; of rates under different "experimental gonditions", Discov;ry 6f the nature
of the differing conditiona in the two contexts affecting the rate of)
diffusion is, at this point, a matter af speculation, In all cases,
thete 18 an excellent fit betwsen the histarical data ard theoretieal modal,

¢'f‘ <

’

. ! Insert Pigures 7, 8, and 9
N about here

Resylta foy the teaching of Poreisn Language in elementary schools

(Pigure 10) ave also excellent, as ave those for Acecle!ated-Progéaaa
(Figure 11), Programmed Instruction (Figure 12), and Languags Laboratories
(Figure 13), aa}y the £it between the historical data for Teamlreaching
aaa\she‘iheorettcal model for those %’ie is poor (Figure l4), Indeed, one
must canclude thg;.‘in thig one casa, the éutocatalytic model doe§ not hold.
Whether failure of the model is due to the getting, the particular innovation,
measutcment'erréi or whatever, cannot be detgrmined. .

” Table 4 pummarizes the estimates of parameters and their standard errors
fot six cducé;ional innovations, including Semestering but excluding Te;m

) .

Teaching, Standard errpors, shown in parentheses, are approximate but give

an 4ndication of how well'theoﬁarameters are determined. Since N was set
~for Semestering, its standard error was not estimated. In qddition to the

.

parameters and their efrors, thé table indicates the number of years to
(4]

peak adoption, Note that the shortest times--for modern math and programmed

°
j@excs~~corresp0nds to the s{tuations with the highest rate constants.

/<
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5;;\:3193, p, for these educational innovations are plotted on a
continuous scale along Bide those for the business and 1ndustr1al°sectors

» \ d .

in Figure 15, ‘'The'gontrast, to say the least, is startling, The educa-

.

tional innovations themselves fall into two groupings. Accelerated

Insert Table 4 about here

3
|
|
4
i
|
4
|

Insert Figures 10, 11, 12, 13, 14
and 15 about here )

~

industrial products, Programmed Instru
. .

~ on the other hand, have much higher rates, ays

educational rates are far higher .than those
/’//éll entrepreneur%al inno;ations (which inﬁéudg-
;xamples reported here as well as Ehose in the commercial sector), exceed
thosé for household innovations (limited to consumer products).
Discussion P '

Perhaps the most interesting insight the autocatalytic model'gives
coﬁcerning the aﬁoption of educational innovations is the variation in
rates of'adoption for different innovations, the different rates for ’ '
different sectorsﬁoutéide education,.and the different rates fo; household

2

and entrepreneurial innovations. Indeed, this'ability to measure rates

meaningfully is perhaps its most useful feature for theoretical purposes,

\

though at this pofnt in time one can do little more than sﬁeculate about

the diffegznédyates displayed in Figure 15. Answers are needed to the

%
|
|
1
|
|
%
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in other sectors? One possibility might’'be the nature of the adépting

unie, ‘Inleducatién, ‘ag in industty which also displayed higher rates, the

.

school or school board is often the unit studied. Rogers (1971) notes the

need for study of "authority decisions" to adopt innovations within formal

.
-

organizations, Organizationg are émaller in number than are'individual

consumers, and presumably ghe%é members-' knoﬁledge'about innovations is

: r
better, especially those indiyiduals,whose job'it is to ensure that the

-

- 3

- ofganization adapts to changes in the environment.

This view is suﬁported by House's (16%4) classification of innovations

as entrepreneurial and household. With stronger social and economic -
~ DN *

factors affecting the entrepreneur located in an organization, one would

expect rates for the former. to exceed those for-the -latter. Though no data
4

for household innovatiods in education are reported here (i.e., those for
3 .

[N -27- .
following questions. . . .
Why are educational rates of adoption so high in comparison to those
i
i
!
]

which the }eabher alone is the appropriate adopting unit), one might surmise

such rates would be lower .than for those innovations édopted at the school

or board level. Of course,’i( the rewards accruing to teachers who innovate
\

are as low as House suggests, exapples of genuime household innovations in

-

education may be too rare for sufficient data to be collected to test the

[

hypothesis,

slow to be adopted in the schools? His finding is in direct contradiction

-

to our find}ng that rate conséapts are higher for schools than for any

.

consumer product, and ara higher than for most {ndustrial innovations,

. There are no clear answers to this paradox, but we would suggest three

explanations, First, the Mort studies were not comparative in nature.

- .
‘e »

i

Yet, how is it that the Mort j)udies concluded that innovations were | 1
' |

i

|

%

l

i

;
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Whi%e they concluded innovation in education was slow to take hold,. they

may have ignored th; fact it was slower elsewhere. Second, Moré tended to .

concentrate on a national perspective, whereas the data analysed here are o

for much smaller po?ulations. Using the disease analogy, a virus does not
!
|
|
i

spread within a given population until it has first invaded it--though it
\

may be ravaging other groups. Thus, the spread of a disease may be. much

slower within a whole nation, due to internal barriers, than

s+ute
in a province or county. So too might an innovation spread more slowly

frqm the national perspe;:I;e. Finally, an expiénation may be found 'in
.the secular changes betwen the time when most of the Mort studies were
completed and the dates oé the data studied here. The past fifteen yeafs
ha;e seen far grqater.commitmené of public funds to education than was true
between 1930 and 1960--and money tends to stimulate change and innovation
(House: 1976). fhus, éelay&\}n accepting new educational practices may‘
actually have decreased since the Mort studies begaﬁ.

To many, this'last'interpretatibh might be encouraging since inno- '

vation and change in-education havé often been’treated as ''good" while’
mainGEnapce of traditional methods have been viewed as '"bad". But, under-
neath the sermons advocating néﬁ'practices.:has always been'the spectre of
fadism. Was Modern Matheqa;ics a thoughtful reform of curriculum, or a fad
adopted to please critics? 1Is sem;atering in Ontario a fad which will die
oyt 15 a few yaars, 62 a genuine reform {n the scheduling of classes and
courses? And, what {s move, does it reélly‘matter, one wav or¥ the other?
1s-there a morality of fnnovation? ’
The rate constant of the autocatalytic modellmay égove'to be one
index useful in distinguishing fadg-+or ?ﬁforms adopted in fad-like fashionee

from moxe substantial changes ;ntgoduceé after adequate planning. It is

our suspicion that any product.o}.pract;ce vhich 4s Introduced with such
¥ . > * .
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rapidity that its rate constant exceeds one can on1§ be thought of as a
fad. ~The:history of modern math and the difficulties that followed {ts
premature introduction into achonls which lacked teachers trained {n the
subjeét ana adequately pteparéa pupils, tend to confirm this view, ns does
the brief l}te of programmed texts in most schools. This is no; to say
that neither of these two innovations has its merits; it merely suggests
that they were superfi;}ally adopted for their symbol}cm§alué‘to prove
modernity, while thgjnﬁnnées their genuine use would téquz}e were ignored
o¥ left to be workqﬁ out, In a sense, they were "adopted” but not "{mple=
mented!', The dangér of such fadism is apparent, fon it clearly endangers
. the reputation of valuahle innovations which may be discredited by teo
hastyadoption fnr the wrong reasons. To be sure, some amount of {magery
is necessary in educacinn; but education is too fundamental to society tn
survive on imagery alone, Thus, introduction of new practices requires a
dapth of preparation probably precludes extremely short life cyclesw-~and

a
ext:emely‘large rate conatants, “[%]::he vocational structure itself
becauea 8 major impediment to innovation,' House (1974. P, 260) notes in
describing Jurossey's (1966) analysis of the relationship beeween tachnow
logical innovation and economic development. "Fr’ he vocational structure
changes by the training or retraining of those already in the vocation or
by entry of newcomers into it (House, 1974, p, 260).” But this 48 a slow

process, and may extract a heavy human toll by requiring retraining of

individuals, The indiuidual's "skills become {ncreasingly sbsolescent,.,,

The process of innovatign requires that workers not use acquired knowledge

and skills, but continually Ieafn new ones (p. 261)."

1t appears, thepn, that exceedingly high rate constantsg for inmovations

reveal fads or superficial adoption of innovations, but fail to assist in

assessing the true worth, in educational terma, of the innovations involved.

31
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Further, investigation of the same entrepreneurial innovation in differant
settings would reveal a distvibution of wate copatants which, when’ related
to various pociological, peychological and economic variables, might pro-
vide insight into the effect of contextual factors on the rate of adoption
of educational innovationa. Similaxly, by studying the rate; for diffevent

innovat;ona in the same getting, it may be possible to distinguish classes

of inngvationa, In ghart, comparative analysis of rate constants may prove '’

a useful starting point for further investigations of the diffusion/
adoption/implementation process itself, Finally, one must beware of the
“cult of moderism'' whigh tends to assume that all innovations are good;

oée must look at the human costs and learn to weigh these, so that bhene~
ficial change can he distinguished from changes made for the sake of change,

or for the advantage of those who are not directly affected,

’
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. . Table 1
. - ) ' ' F
PREDICTED VERSUS ACTUAL, TIME AND
B o *
~ MACNTTUDE OF SALES PEAK
Predicted Actual Predicted Actual
- ~ Time of Timect Magnitude Magnitude
— , Peak (no. Peak (nol of Peak . of Peak
Product /| Technology ) of periods) of pe.nods) . (Units) (Units)
’ Boat Trailers 9.8 10 205,240 206,000
- Color TV, Retail 6.0 8 5,733,400 5,490,000
Color TV, Manut. 5.8 7 6,637,800 5,981,000
.Holiday Inns 10.9 11 . 131.6 141
Howard Johnson Mot. 9.0 -1 38.6 48
Howard Johnson, Hol. 9.8 n 202.6 216
Inn, & Ramada Inn
McDonald’s '55-'65 6.1 6 119.7 113/
Cont. Bleach Range 3.2 © 4 16.7 18
Rapid Bleach - 4.1 4 7.2 7
Conversion, 70 percent 33 - 4 48.5 50
H.0, delivery system )
Hybrid Corn 3.1 4 T 245 23
*
. Nevers (1972, p. 88)
. ) x 3
/ N
o 2 : ¢




Table 2 ,- T

ADOPTION OF SPMESTER SYSTEM IN ONTARIO

yeap  Nuber Mopting Cumilative'
Each Year .~ Percentage
. 1968 1 .20
1969 6 1.50
-1970 9 3,40 ¢ ’
1971 o © 5,74
1972 23 10.64
1973 52 22,13 . . ,

"Wl (1973, p. ©)

"R ,
Assuming 470 of 650 gecondary schools
will eventually convert :

~
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Table 3
? CUMULATYVE PERCENTAGE ADOPTION OF TMNOVATIONS
~—
Year Modamm  Fareign Accelerated  Progranmed Langquage Team
Math . Lanquage Program Instruction Labs Teaching
1952 - 1.25 .67
1953 2,020 / 1,15
1934 2,88 3,26
1955 3,36 3,55
1956 4,70 6,14 . 1.06 R
1957 8.26 8,35, : 1,82
1998 77 11,62 - 2505 . 1.92 2,78 2.88
1939 5,98 17.86 36,19 3,26 7.10 4,80
1960 20,84 23,8) 50,59 12,29 18,14 ¢ 6.43
1961 44,93 30,05 57,00 © 25,24 24,338 9,79
1962  65.66 34,94 63,17 42.82 36.19 18.05
1963 74,11 36,19 64,32 49,25 45,12 20,45
Carlson (1963, p.68) . | . . ’
\
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‘Table 4
/'/

ESTIMATES OF PARAMETERS AND STANDARD ERRORS FOR

'EDUCATIONAL LIMOVATION LIFE CYCIES

- .
. * . . . ..r ‘ v -
Innovation N S.E. (N) p  S.E.(P, s r?" S.E.(sy) Years to
. Peak
\ .

* ModernMath .77.6% 0.6 1.36  0.03.  1.34%8 _ 0.09 3.8
Modern Math . "
(W. Virgnia) 17 - 0.33 1.02  0.06 1.23 010 , °, ---

« » . \.c ‘ ’ -
- Modern Math 2
t 4 L
I.‘oreiqn - . /J‘/,/‘ \., ¢ \
Tarxuage 39.4% l.}%" . 0.64 0.04 0.30% 0.05 7.5
) _ Co
Ncceleratexd . = -
pmran 65.0% 1.7 0.91 0'07 0.21% N 0'07 6.7
Proqrammed N :
Instruction 54.0% 2,6 1,25 0,13 0.86% .0.26 4.0
Laryjuage ‘ . .
Labs 56.3% ° 6.5 0,77 0.11 0.54% 0.09 6.2
- Semester .

System 470 - 0.74 0.04 1.70 0.29 7.7

- 7 . . - . i - —y — . —

[ \

Paramcter estimates with percentage sigms (%) are reported in term§ of
the percentage of the total possible adopters who would eventually adopt.
Other parametet’ values for N and s, are in actual frequencies.
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" Figure 6
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Figure 7
" Modern Mathematics

. (Combined Groups)
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Figure 8

Allegheny County Modern Mathematics
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Figure 9

West Virginia g(odern Mathematics
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