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Ghstract
Data on motion picture attendance and the number of
monochromatic television sets per household were used o provide
further tests of Barnett, Fink and Eckert‘s {in pressh
mathematical model of the diffusion process. This model is
advantagous over eardier modele becavge it does net suffer from a
prao-innovation bias, Rather, it describes bhoth the srocess of
adoption and dizcantinuance. The results indicate that the model
provides an extellent Fit of the data. It accounted for FE.00 of
the variance in motion picture attendance and 9%9.9% of the

variance in monechromatic television.
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This paper appliss the Barnett, Fink and Eckert (1984
mathematical model to describs the process by which innovations
are diffused throughout society. The model was originally
developed {o describe the pattern of diffusion of information
within the academic community, This pattern may be described as
initially increasing fto a peak which over time s followed br a
declting. Using data on the citation of articles in academic
Journals from a given year to the year in which the cited article
was published, they found that the model accounted for betueen
#7.2 and ¥9.24 of the variance depending on the data set. This
paper represents an sxtention of the model fto the diffusion of two
cammunication technologies, motion pictures and monochromatic
talevision, both of which showed an initial adoption followed by 2
decline due to their replacement by other innovations.

Theory

The diffusion process is fypically described by an S-shaped
curve in which the cumulative numbers of adopters iz plotted with
regpect to the fime of =n inpovation’s adoption {Rogers, 1983).
The distribution of adopters initially rises glowly., It then
accelerates to exponential growth to a maximum urtil hald of the
population adopts the innouation. Yt then increases a% 3
decreasing rate. Although still positive, the stope azpproaches
zero, The curve becomes asymptotic with the number of members of

the adopting population. The frequency of adoption st any single
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peint may be described over time by & beli-shaped normal curve,
Mathematical descriptions of these curves are presentsd by Barnett
{1978) .

Rogers {1983) sugoests that these modelts suffer from =z
pro-innovatioen hias. This ig the implication that any innoustion
should be diffused and adopted by all membere of 3 society. The
innovation should be reither re~tnvented nor rejected (Rogers,
1983, p.92). Further, communication research should facilitate to
diffused the innovation more rapidiy. One manifestation of this
bias ig the focue of diffusion research exclusively on adoption to
the neqlect of disadopiion. Rooners (1983, p.21) labels this
discontinuance “a decision to reject an innovation after it had
previcgusly been adopted.” There has been relatively little
research degigned o inveetigats the nature of dizcontinuwance, and
ag & resyit relatively VTittle is Known about this sspect of
diffusion behavior. One reason Ffopr this i the Tack of models to
mathemaically describe this procesc.

Rogere 11%83) identifies two tyvpes of discontingance,
replacement and disenchantment. A peplacement discontinuance is a
decision to cease using an fnpovatior in order to adopt a better
one which supersedes it. For example, the reel-to-resl taps
recarder, an inmovaticn in its time, has generally been replaced
by systems which use cassettes,

#odisenchaniment discontinuance is & decision to cease Using
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an innoavation as a result of dissatisfaction with its performance.
The dicssatisfaciion may come ahout hecauss the innovation is
inappropriate for the individusl and does not resultf in =
perceived advantage over an alternative. For example, consider
the wee of chemical fertiltizers, pestisides and herbisides. There
use has declined as farmere become aware of their negative impact
on the environment.

This paper presents & mathematical model of the diffusion of
innovations which iz not inherently pro-innouation. Originally,
developed by Barnett, Fink and Eckert (19843, the foruses on
disadoption as well as adoption., Since then the proposed mogdel
has beer moditied to confirm mer closely to its theoretical
dertvation {Barnett, Fink & Eckert, in press). In thig paper the
reviced model will be vsed to describe the adoptionsdiscontinuance
of motion picture attendance and monochromatic television.
Methematical Mpdel of Disadoption

Rogers (1983) suggests that researchers can investigste how a
practice s discontinued, and almost as an afier—thought he
presente & araphic representation of the "discontinuance curve."
It describes & decaving expenential. Csleman (194%9F and Hamlin,
et al, (1973, 197%) provide precise mathematical descriptiong of
the curve., A decaving exponential has been empirically observed
for the vse of information over time by Goffman (1944, Meadows

1974y, Dieks and Chang {1974) and Levy and Fink (1984,
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The modet . According to Barnett, Fink and Eckert {in press?
the adoptionsdiscontinuance process may be modelled as,

y{t1 = g {exp [~(ktr+d] ~ exp [~-{ct3l}
where vitd is the gproportion of adoptors at s given coint in time
gnd &, b, ¢, and d ars non-negative constants, with ¢ ¥ b. The a
parameter is the product of the theoretical probabitity of
adopting an innovation and an exponential term Cexpl-dlr.

The adoptien/discontinuance process is presumed to start at
time ggual to -d4. The o parameter corrects for thig situation as
mych as possible, given the data set. The parameter d is the
time, necessary to sdjust 003 = y{0), the date the preocess is
initiated. When t+d equals zero, ¥itd= 0, and az t--> infinity,
witi=—3 0,

The model assumes that the diffusion process involves an
initial increase in the adoption of an innowvation which is
described by the second term in the model {exp [~0ctd]3. 1t is
followed by & deciine which eveptually reazches zero. This is
described by the model s first expression {exp [-{btd+di}. Most
inhovations dectine in uze after a peal, since new innovations
ultimately replace them and after & period older innovations no
Tanger are needed. For this curve to increzse (adoption? and then
decrease {discantinuance? ¢ must be greater than b, Further, the
speed of the agrowth and decdine in the adoption process is

indicated by the relative size of the ¢ parameter compared To the
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b parameter.

This model has been vsed {o describe drug concentration in
the blaod (the "two compartment® model), which i= also 3 process
that goes to zero as fime increases (Burghee & Wood, 1980,
pE L F3-F3; see algo Simon, 19723, Thus, one consequence of this
mgdel is that the diffusion progess involves s decline which
eventually reaches zero. Fuven complew innovations {Barpett, 19782
dectine in use sfier a peall, since new ones vltimately replace
therm,

Une way to evaluate the trajectory of adoptiondizcontinuance
over time is to find that peint in time on the curve derived from
the model at which the proportion of adoption is at a maximum.
Thig point, which we call %, is

t¥ ={{In ¢ ~ In b -~ &) fc ~ I3,
The maximum proportion of adoption (vuaw?) may be determined
simply by svbstituting the empirically obtained values and the
vatue of ¥ into the model.

Thic model has been used to describe drug concentration in
the blocd, which is alse a process that starts at zero, rises, and
thep returns to zero a2z time increazes (Buyrghes & Wood, 19803,
Most diffusion curves, as alrsady pointed out, do not allow for
disadoption over tims, which is 2 fundamental aspect of the
grobiem hera.

In sum, the Barnett, Fink and EcKert model allows the
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adoption proportion to go from zere o a positive value and hack
g zero, 1t provides for the prediction of the point in time i
which adeption is set at 2 maimum (1¥3, and also for that
progortian tTvuax?, Wtilizing this model, comparisons betwesn
innovations are possible and uyseful, singe the sxtent that the
model ‘4 parameters differ acrose innovations may e examined,

Methods

The Dats

The model was tested with data which desecribed the adoption
and discontinuance for two communication innovations, motion
picture atftendance and menschromatic television setz. These fuwn
data sets were reported by DeFleur and Ball-Rokeach {1982, pp.43,
PE~¥T7Y, These data were historical statistices collected by the
U.5. Bureau of the Census. The first data set provided the weekly
rate of motion picture sitendance from {922 to 1977, 1t contsined
27 data points. There was data for the even wears from 1922 o
1930, data on motioen picture attendance for 1794, 1958, 1940 and
1945, and =znnual figures for 1970 to 1977,

While people have wiswed motion pictures since the end of thé
Yeth century, the first vear for which there iz recorded
attendance data fs 1922, In that year, averzge weekly mavis
attendance was 40 million angd the total number of households was
R AE7 0008, Hence, the weskly attendance per household was 1.54.

The weekly attendance per household rose through out the 1920¢
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reaching its peak, 3.0 irn 1930. It dropped drasticaly betuween
1930 and 1932 due to the frest Depreccion. Neverthelese, during
the Jate 1930s and the decade of the 1940s, movisgoing was stilfl
popular and schotaps term those years the Gofden Yesrs of Film.
The rapid growth of ftelevision in the Jate 1940s and early 1980s
exerted g great impact on movie sttendance. The exicsting
practice, motion picture attendance, an inpnevation inm it& time,
was replaced by a new inmovation, television. Duripg the 1950e;
weekly motion picture attendance per household dropped to 7%, By
19720, film going hit ite Yowest rate and remained relatively
constant with a weelly attendance rate betwsen 22 and .28,

The other data set described the ownershio level of black and
white televisian sets, starting in 1944 and ending in 19270 In
total, there were 22 data points. There wae annual data for 19744
to 1990 and 1940 to 1972 with additienal data for 1985, 1975, 1974
and 1977, In 1944, the rate of ownership of monochromatic
televizion ssts per household was 0002, It wae sdopted rapidiy
reaching its highest level atv 1,175 in %84, They were widely
adopted during the 1940s, Howewver, ownership began to decline
being replaced by colored television setz. By 1977, thers were
2 monochromatic sets per houser oo,

teic data sets provide accurats and siable measures of
sdoptionSdisadoption behavior. They are tongitudinal and use the

gntire population of the United Sfates as the unit of analvsisz,
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#ig such, they are appropriaite to evsluats models of scoial
processes, such zs the Harnetl, Fink and EcHert ({9240 mpdel of
the adoptionsdisadoption of innovations (Hamblin, et al, 1973;
Rogers & #Wincaid, 1981; Barnett, 19823,

fnalvsis Procedures

845 MNLIN was emplioved to evaluzte the model with the two dats
zets described above. WNLIN performs monlinear regrescion.
Goodnecse of fit ie determined through the method of least =quarss.
It ts an iterative process in which users provide a theoretical
model and inital estimates far the model s parameter values,

Thege starting values are continually improved until the sum of
the sgquares of the error is minimized. HNLIN provides several
diftferent methods to determine best Fit. DU was used to fit the
dats to the modet. DUD, the mulitivariate secant method uses the
Tavler Series,
FiBY = F{Bpr + (B - Byy +

where

X “»-‘-QF.#’/JB ig evaluated at B = By
to minimize the error. The derivatives are estimated from the
history of the iterations rather than being supplied analvtically.
The method is aleo Known as the method of falsze positioning
tRalston and Jennrich, 1979, I+ oniy ope parameter ie estimated,

the derivative for iteration i+i1 can he estimated from the two

previous iterations.
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derysr = ¥y = Yy-¢2/bg - b1y
vhen ¥ parameters are estimated (four in thisg model), the method
usee the Tast K + 1 iterations,

Sinmce MLIN requires the user to provide thecoretical stard
valtues for the model before it can provide the best fif estimates
for the parameters the inite? estimates were ag follows:

Motion Picture Attendance:
aom= 10,0

]

il

08, with a tower limit of 0.0, to condform with the
theoretical assumptions of the model:

A9, with 3 lower Vimit of 0.0, to coenform with the

fal
H

theoretical assumptions of the model. Further, ¢ was constrained
ta be greater than b,

d= 1.0, The unit of time inm this dats sei was the year.
d was allowed to assume any positive value because the frus time
zero for motion picture attendance was some time prior to 1900,
These valusgs were chosen atter a number of preliminary trials to
restrict the range of the coefficiente.

Monochromatic Telewision:

a = 2.23;
b= (025; with & lower Timit of 0.0, to conform with the

thearetical assumptions of the model;
co=  0%8; with & tower Timit of 0.0, fto conform with the

theorstical assumptions of the model. Further, ¢ was consirained
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to be greater than b,
d= =.1,

Simitarly, these parameter values were determined after &
aumber of preliminary trials., After initial attempte to §it the
modsl it was congluded that & cube root transformation was
necessary due to the pattern of the residuals. Consequently, a
cibe root iransformation of the data on the number of
monochromatic television sete per household was performed to teest
the best fit betwesn the data and the model.

To evaluate the goodness of Fit of the Barneti, Fink and
Eckert model, several teste were emploved, The E-squared from the
nontinezr regression and the plausibility of the derived
parmeters, particularly d, ¥, and vuayx, were sxamined.

Further, the residuals fraom the nonlinear regression for the mode)
should be homoscedastic, normal, and not exhibit any syretematic
patterns tsee Rauer and Fink, 1283, To the extent that the data
fail to conform to these aczumptions, regardliess of
transformation, the model will be considersd incompleter i.e.,
some important factor that "explaine” the svstematic character of
the residuaic has heen left out.

Recultce

The results of the test of the model for the two data sets
arg presenied in Takle 1. Scatterplots showing the agtual and

predicted valuee for both innovations dlevel of use on time) are
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precented in Figures 1z and i{b. The model it the two data sete
very well, explaining 98.8¥ of the variance for moltion picture
attendance and 99.%% for monochromatic televigion. ATl
copfficients are within the speciftied thecoretical limitg,
Coetficients b and ¢ are greater than 0.0 and the vatues of ¢
{40108, +,127) are greater than B (4,094, +.020%. The walues of a

are #2.1% and 1.71. For d, they are ~. 001 and +.014.

Table 1 and Figures 1& asnd 1H About Here

The values for ¥, the point on the curve at which the
adoption t= &t 3 maximum, are 8.14 for motion picture attendance
and 9,21 for monochromatic televisian. The actual time points
when adoption ie at its maximum level are time & for metion
picture attendance and time 11 for black and white television.
Thue, the obtained values for t¥ are plausible,

The walues for ¥uawx, the maximum level of adoption, are
2,93 dor mption picture attendance and 1.04 for monochromatfic
televigion. The zctual maximum levels of adoption were 3.00 and
1,04, The obtained values are nearly sguivalent.

The residuals are generally digtributed normally and are not
significantly correfated with either the dependent variable {the
fevel of zdoptiond or time. For motion picture attendance there

are 14 reciduale greater than the mean (0.02) and 11 Yezs. The
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glew is 00 and the Kurtosis is 1.01. The correlation between fhe
residuats and the level of adeption iz 13 ip = .51} and the
correfation between the residuals and time is .05 {p = .7¥). For
mongchromatic televicion there are 11 residuale greater than and
less than the mean {0.00). The skew ig -.0% and the Kurtosis is
.24, The residusls are pealed zxbout zere. The correlation
between the residuals and the Tevel of adoption is .04& tp = 7%}
and the rcorrelatioen between the residuals and time iz .00 (p =
P9, Hons of the retationshipes are significant for gjther
innovetion.

An examination of the scatterplots of the residuoals by level
of adoption and time doeg not exhibit any systematic psttern.
However, it does indicate heteroscedasticifiy, For mofion piciure
attendance, the wvariance in the residuals is greater the greater
the tevel of attendance. These levels occurred early in the
adoption/discontinuance process. For monochromatic televieion,
there is greaster variance in the residuzls for those data points
whoze valuss are small. These levels also ococurred eariy in the
process, Heteroscedasticity occurred despite the cube root
transformation to remove other systematic gatterns in the
recidusals for monochromatic television.

Dizcussion
The resulie indicated that the Barnetit, FinkK and EckKerl {in

presss model Fil the two data sets wvery well, It explained 98.0%
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of the variance in the rate of motion picture attendance and ¥%.%%
of the variance in the adeption and discontinuance of
monachromatic television. The model fit both sets of data
significantly better than did & Vinear regressicon. The r? for
motion picture attendance wag 734, For mornochromatic television,
ri = 408, The ditfersnce hetween these correlations clearly
demonstrates that the model represents an improvement over
gxisgting methods.

The excellent goodnese of fit occurred despite the fact that
there is only limited and incomplete data describing the
sdoption/discontinvance process for these two communication
technologies. Therse were only 27 datapoints for motion picture
attendance and 22 +for monochromatic television. Genepally, this
is far too few to get an accurate 4it of a nonlinear model with
four parameters to estimate. Atso, the initial diffusion of
mation picture attendance was not included in the dats, since the
first time point was 1922 rather than zomelime around 1700,
Further, the discontinuation process of both innovations is =till
ongaing.  Yet despite these ltimitations, the model fit the data
well.,

Another indication of the qualify of the fit was the
digtribution of the residuals. They were normally distributed and
did not have a systematic patiern when plotted against time and

level of adeption. @&ltsc, in the case of motion picture attendance
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the largest residuals can be explained by exogenous factors, The
greztest error terme occurred during the Great Depression (1932,
time 107 when attendance was suppressed due to economic factors.
The model over estimated atitendance. During the tate 19402 motion
picture attendance was high but the model accomndated the
datapoints from the 19508 when attendance greatly dropped dus to
the rapid diffusion of the replacement innovation, television.

White the goodness of fit and the behavior of the residuals
are generglly excelilent, the results are probllematic in two areas,
heteroscedasticity of the residuale and the size of the etandard
errore of the parameter ecstimates, In both modeis the variance of
the reciduals are not disiributed normaltyr, They are greater
earty in the diffusion process. Similar resultfs were reported by
Barnmett, Fink and Eckert (1984, in press), This iz due, in part,
to the stabilization of the level of adoption later in the
procesz. As t--r infinity, #itry--> 0, dye to the discontinuation
gf use of the inncvation. @As & result, there is Tittle variance
in the Tews)l of adoption and thus, little variance in the
reziduals. Thereforse, despite numercus transformations of the
data ihe heteroscedagticity remains.

The gize of the standard errors are zignificant (See table
1y, This is dus to the limited nomber of data points avaiisble to
fit the model. There were only 27 points for motion picture

attendance and 2Z for merochromatic telewision. Thus, despite the
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high levels of goodness of fit, one sheould place Tittle confidence
in the specific estimated values of the reported coefficients,

Overall, the resuttis suggesi that the Barnett, Fink and
Eckert model iz excellent for the description of the
gdoptionsdicadeption process In this paper the model was applied
to dezseoribe the diffusion and subsequent discontinuvance of two
techrotogical innovations which are related fo mass communication,
motion nictures and black and white television., Frewiously
(Barnett, Fink and EcKert, 1984) i1 wae used to describe the
sdoption and disadoption of academic information by scientistz and
gngineers, social scientists and individualte writing in the arts
and humznities, accounting for over 97¥ of the variance in the
three cases.

Finatly, the Barnett, Fink and Eckert model represents an
important contribution to the study of the diffusion of
ionovations, Communication Science now has & model which does not
suffer from a pro-innovation hiag. It has been chown to
accurately describe the adeptionsdisadoption process of & number
ot innovations. For this reason the diffusion process should ne
tenger be characterized by an &S-shaped curve. HRather, it should
be characterized ag an inverted U-shaped curuve with the first part
describing the adeption process and the second discontinance.
SUmmary . Thizs paper used dats on motien picture attendance

(1922-1977) and the number of monochromatic felevicion seis per



ﬁdoﬁtimn and Discontinuance-—13
household {1948~1977) to provide Ffurther tesis of Barnett, Fink
and Eckert“s {in press) mathematical model of the diffusion
process, This model e advantagous over earlier models because it
does not suffer from 3 pro-innovation bias. Rather, it describes
both the processes of adopiion and discentinuance. The resulfs
indicated that the model provides an exceilent £1t for the data.

It accounted for 98.0M of the variance in moltion picture

[s1]
B2l
i~
i
i
1
]

and PP of the wariance in moooonrongs catguision,
despits problems of high standard errors and heteroscedasticity of

the reciduals,
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TaBLE 1
Descriptive Parameters For AdopltionsDiscorntinuance Data for Motion Piciure

Attendance and Moncchromatic Television

Motign Picture Attendance Mopochromatic Teleuision
coefficient ., coefficient g,

Ed &, 2312E+01 4. 8Y4E+03 1,713E+00 1 .856E-01
b 9.09%3E-02  2.B44E-01 PL.981E-fZ2  3.297E-03
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d -1, 143E-01  4.354E-82 1.083E~02 ©.491E-02
t# B, 143E+00 FL.210E+GD
YHAX 2944884000 1. 0SRE+0D
Rz 780 LERE
r2 L7EE A0

Residual fAnalrsis:

e an 9L ARRE-IT 1.432E-04&
sk 5.22%E~04 -& G90E-07
Kurtosis 1.818E+00 B PALE40D

correlation with

teyel of adaption L3 i = 513 A1 Amo=w FEZ
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FIGURE 1a

The Actual and Predicted Yalues of Motion Ficture &ttendance Against Time
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FIGURE 1R
The Actual and Predicted Values of Morochromatic Televigion Per Household
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