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PROJECTING ADOPTION RATES:

Application of an Ex Ante Procedure to Bioctechnology Products
ABSTRACT

A procedure for projecting ex ante the adoption rate of new biotechnolegy
products is developed and applied to bovine growth hormene (bGH), a milk
production stimulant. Using 1984 New York survey results the projected rate is
rapid, up to 90% adoption in three years. This rapid rate indicates the
critical need to anticipate and prepare for such products with the proposed
procedure providing a seemingly reliable forecast at low cost.
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PROJECTING ADOPTION RATES:
Bpplication of an EX Ante Procedure

to Bictechnology Products

Following Professor Berg's ploneering work in gene splicing at Stanford
iniversity in the early 1970's, the patenting of the first life fom in the
United States in 1980, and the initial explosive growth of genetic engineering
start-up companies in the late 197d"s, the United States has been poised for a
breakthrough in technology which will fundamentally affect our lives. Early
biotechnology research resulted in applications such as human pharmaceuticals,
including human insulin in 1982 (1). It was expected that biotechnology
developments with agricultural applications would have effects just as far-
reaching. Early studies predicted that the first products were likely to
be of anam'.malhealthandgrcwthwsupporting nature (2). Now a number of
agriculturally—related products are nearing market readiness, according to
industry sources, with the anticipated animal-related products expected first.
Tt will soon be possible to determine firsthand the real production impact of
this technology.

The availability of a product is not the only matter to be assessed when
evaluating the impacts of a technology; alsc important is the rate at which
that product is adopted by ¢armers. As many researchers and businessmen have
learned, farmers may perceive cpstacles to adoption not apparent to outside
ocbservers. There is a key need to project adoption rates to facilitate private
and public planning for technological change, change which through manipulating
the natural biological processes could exceed the scope seen to date. Most

resarch to date on agricultural technology adoption and diffusion has been




of an explanatory, rather than predictive, nature. The Purpose of this arricle
is the development of an ex ante procedure for projecting the farm-level
adoption rates of agricultural technologies which are totally new to farmers,
The procedure is developed using a case study of a bovine hormone which
stimilates milk production. This product is described in section two. Section
one is a review of the adoption and diffusion literature to date. Section
three extends current research to include an ex ante procedure while section
four discusses an application of the procedure and a projection of the adoption

rates for the study product.

DIFFUSION AND ADOPTTION MODELS
Concern about the effects of technological change has led to the descrlp—-

diffusion, Accordmg to the generally accepted terminology, adoption refers to
individual decisions, while diffusion iz the aggregate impact of those individm
ual decisions. The analytic approaches seen in the literature on both adoption
and diffusion focus on an ex post explanation of the processes. Thus; while

g the diffusion patterns to be expect

providing quidance concernis ed for a new

innovation, the literature offers little in the way of precise formilations to
assist in the prediction of future events,

Ex post studies of diffusion over tima héve shown that cumilative adoption
follows an "s" shape or sigmoid distribution. Mathematically, these adoption
pattexns have been described, with high levels of accuracy, by logistic
functions. lLogistic functions have the convenient property of tracking growth
to some asymptote,+

Griliches (3) provided the first major application of the logistic curve



to the study of technological change. In his study of hybrid corn, Griliches

utilized the logistic function:

K
e {at+bt}

P =
1l

(1)

where P = the level of diffusion
K = the maximm Jevel of diffusion (asymptote)
a = a constant
b = the rate of “acceptance"
t = time in years.
Foquation (1) can be estimated using ordinary least squares by converting

to the following form:

log ( _F)=a+bt+e (2)
X-P

where & is a randomly distributed exrror term.

In order to calculate estimates af a and b, Griliches first estimated
values for K throuch visual inspection of plotted data collected from 31 states
and 132 crop reporting districts. He then sought to explain differences in the
parameters a ard b for each region.?

Work by Mansfield (4), Fisher and Pry (5), ad Blackman (6) has employed
similar approaches to the ex post study of innovation diffusion. These models,
in which both the level of diffusion and the difference between that level and
a ceiling determine the time path of diffusion, have peen labeled by Lilien and
Kotler (7) as imitation models. The term wimitation" stems from the specific

marketing use of this model, where the influence of an already "converted"
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fraction of the market on the adoption rate is interpreted as the imitation

effect. Under this model, then, adopters are assumed +o be swayed by word-of-

mouth interaction from earlier adopters or by the example those users set.
Lilien and Kotler contrast these imitation models with innovation models.

The innovation model postulates that the rate of diffusion is determined only
by the proportion of the market not having adopted the product. Under this
assumption, adopters are not influenced by prior users, but only by external
stimuli such as advertising. Innovation models take the general form
dYt ,
— = PO - %) (3)
t
where p is defined as the coefficient of imovation. Innovation models have
been estimated by Fourt and Woodlock {8) and others.
A cambined innovation-imitation model was used by Bass (9) in the fom

Ye =P(1 -~ %) +q e (1-¥) _ (4}

where ¢ is the coefficient of imitation. Easingwood et al. (10) proposed a

"Nomuniform Influence Model,® which allows relaxing the implicit assumption
that the diffusion curve be symmetrical. Symnetry in the composite model
further implies that the adoption rate is maximized when market peneﬁ:ration
reaches 50 parcent. In practice the adoptionr i‘&t@ frequently reaches its
maximm level before the 50 percent level is acﬂ*xievad (20, pp. 275, 281).
Wnile all these models have been useful in describing ex post the di Feu-
sion of an innovation, they are severely limited with respect. to ex_ante
prediction. When attempted, the new product is generally a close substitute
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for an existing item and the maximum market share to be taken has been esti-
mated, or the projection is made after a product has been partially adopted,
often in excess of 50 percént (9, p. 226: 11, p. 496). Jarvis (11), for
example, estimated both the rate of acceptance and the ceiling with data from
the early stages of improved pasture diffusmn in Uruguay. He repeatedly
estimated Equation 2 with varicus assumed ceilings and selected the equatlon
with the best fit (R?) to rapresent the diffusion rats. For a wholly new
product, including most biotech inmwatmns, neither of these special cases can
be applied.

while diffusion models are useful for understanding the aggregate process
of technological change, they provide little ex ante insight into the likely
rate of the adoption of particular innovations. For this, it is helpful to
draw upon hypotheses from the adoption of innovation literature. Rogers (12),
in summarizing this literature, sugoests five dimensions (relative advantage,
campatibility, complexity, divisibility, communicability) which determine the
Late and Likelihood of adoption. Rogers' analysis, along with the more
quantitative work by Griliches, emphasjzes that adoption decisions in aggregate
depend on both sociological and economj}.c factors. At the level of personal
decision-making, it is generally accepted that there are individual character-
istics which make pecple scme more likely to adopt innovations than others

{(13).

With respect to the features of innovations, Rogers' notion of relative
advantage relates to the eyctént 5 which a new technique or product is prefer-
red to the existing technology. Generally, the superiority of an innovation is
measured by its profitability or risk-reducing potential.

Compatibility is the extent to which a new innovation is consistent with
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lexity is the extent to which new techniques ang their consequences

Divisibility is the extent to which an innovation can be used on a 1imiteg
basis. The importance of divisibility stems from the risks potentially
involved in trying a new innovation. If trials can be done on a limitedq bésis,
earlier adopters, especially, are able to limit their exposure to losses,

Finally, Rogers lists commmnicability as the ease with which knowledge of
an innovation can be passed along to potential users. This concept includes
both the complexity of the incorporation as well as the rapidity ang tangibil-
ity of benefits, |

Recent: work by Agriculture Canada (16) on the adoption of six productlion
level innovations employed a slightly different taxonomy of how prodﬁct
characteristics influence adoption. According to Agriculture Canada (1s,

PP. 44-45) important issues are the imnovation's age, the initial investment
required by the adoption decision and the riskiness of the undertaking. Three

other factors, complexity, divisibility, ‘and: prbfifability, are very similar to

those described by Rogers, _ -

With this identification of the limitatiohs t:sf applying current analytical
procedures to the pending stream of whblly-jﬁéw biﬁﬁeclmdmgy products, we tumn
to a sugyested ex ante process for projecting famnlevel adoption, The
pProcedure is demonstrated by example, using bovine growth hormone (bGH) as the

8
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sample case. Before proceeding it is necessary to describe in some detail the

characteristics of b&i.

BOVINE GROWTH HORMONE: AN EMERGING PRODUCT

Bovine growth hormone is a naturally occurring protein in cattle. In the
1930's it was discovered that the administration of bGH during lactation led to
immediate and substantial im:mases in milk‘ production. However not until gene
splicing 'tec‘m*aiqxés were perfected was it feasible to produce the compound
economically in commercial quantities (17). When introduced daily into dairy
cowe on about the 90th day of the lactation cycle, experiments at Cornell
University and elsewhere have demonstrated the potential for a 10 to 40 percent
increase in milk production per cow (18). Over the entire lactation that
increase translates to a maximal advance of 25 percent. Moreover the increase
begins within a few days of treatment and is independent of historical produc-
tion levels.

Recent experimentation suggests that proportional increases can also be
achieved during the first 90 days of the cycle. If true, and at this writing
there is no definitive published experimental support, then total output per
cow could rise by more than the 25 percent accarplished to date.

A detalled evaluation of the profitability of bGH use suggests strong
inducements to adoption (19). Production cost for the 44 milligram daily dose
is in the neighborhood of 8.5 to 18.6 cents. Computing returns over costs for
the "representative farm" invélve,s scme Judgment as the optimal ration for cows
on treatment is not known in d.etéil. Nonetheless, using several scenarios,
returns to marginal feed expenses {but gxcluding the cost of the campound) are

in the range of 5 to 25 percent at stable milk prices. On the well-managed

g




farm, bGH is clearly a profitable product at the Chrrent price/feed bost
ratio,

Despite the impressiveness of the test results there are reasons to
believe adoption will not be as rapid as some have projected. Farmers must

APPLYING DIFFUSION MODEIS TO beH

Predicting the rates of adoption dnd diffusion for an entirely new product
such as bGH is necessarily a speculative exercise. The most relevant source of
information is the Judgment of potentisl users, in this case dairymen. fThe
problem of cbtaining useful indications of an innovation's attractiveness
consists both of communicating the innovation's potential advantages and
disadvantages as well as eliciting mearlingful reactions from potential users.
For gmerati:lng & prediction of dairy farmers' response to bGH, a survey
procedure was developed that involved both these elements.

In collaboration with dairy science researchers at Cornell University, a
hypothetical Cooperative Extension "Fact Sheet® on bCH and fictitious adverw
tisement for bGH from a wellwlmm;h dairy publication were pbreparad. (See
Figure 1 for an example of the quéstiomim; The more detailed "Fact Sheet®
is not shown.) These documents reflected the most up-to-date information
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Figure }: Fictional advertisement included as part of tha informational material
with the guestionnaire-

What would you pay to increase your herd average petentiel
from 14,000 to 15,730 or froe 16,000 to 18,000 pounds?

Now from CORBIO(R) for only 174 (plus feed) & day you can
do just that.

Kow does it work?

Without CDRBIO(R), production declines

steadily during the latter peried of the
lactation cycle. -

Wich CORBIO‘R). production is 10 to 40
percent higher over that period then in
the untreated cow.®

Yet CORBIO is & complete, safe, naturally occurring compound that is already
present in your lactating animals. You are simply adding more to stimulate
increased production. And the increase starts only & few days after ireatment
is begun in the l3th week of lactatfion.

For further information see your dealer.

% Must be injected daily. CORBIO is a registered trademark.

Production responses based on data from experiments at Cornell and other
universities.

lbﬂ-
Milk/day

high response

_ low response

untreated

12 weeks Time
(treatment beging)

CORBIO(R) breaks the production celling every time!



be abtained, we used an @pproach based on "decision calculus” to design the
survey instrument, Decision calculus, deveioped to assist in strategic |
decisiommaking situations (20; 21), specifically utilizes replications to leag
deci.é.iamnakers to evaluate and refine their subjective judgments. Applications

Program. Decisiommakers specify their estimates of outcomes from making
relatively extreme decisions, The computer intexpolates and offers an estimate

iteratively, the decisiommaker is led to a pi'eciéeiy stated version of his

subjective impression of a.decision situation,

slightly different forms, the farmer's judgment about bGH. For exanple, early
Questions requested the respondent to assess the feasibility of beH for
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his/her cperation and then to estimate the length of time necessary before
he/she would first try the product. Subsequent questions probed the farmer's
opinions and, intenticnally, promoted reconsideration of initial opinions.
These questions included the farmer's reaction to various price levels of bGH
and possible changes in farm operations and resources necessary for the
successful administration of bGH. Finally, the questioning returned to
requesting specific estimates of the rumber of cows to be treated with bGH at

specific times in the future.

DATA COLIECTION PROCEDURES AND SURVEY RESULTS

The complexity of the data collection procedure necessitated that respond-
ents! reactions were thoroughly understood. This was especially important
because the production responses expected from bGH use are beyond the levels
previously experienced. This evaluation was done through a personal interview
procedure corducted in seven New York counties in July and August, 1984. The
counties were chosen by dairy extension specialists as representative of the
diverse farming envirorment across New York State.3 Ten randemly selected
dairymen in each county were contacted and an interview schedule set. OOpiés
of the information materials and questignnaire were sent a week prior to the
interview and subseguently completed by the emmerator. Additional information
and caments were collected at the same tine. Time and scheduling problems
1imited the mumber of interviews in each county to between five and seven for a
total of 40 personal interviews.

an additional mailing to 1,025 New York dairymen (cut of 17,236 total) was
made in September, 1984. The ramiém sample, which constitutes a rate of six

percent for the State, was drawn from the "Ring List" maintained by the New
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Of the 1,025 Qestionnaires set, 14 were returned as urdeliverable along
with 133 usable returns (13 percent), The combinegd sample is then 173, or one

Feasibility, Respondents were asked to assess the faasibiiity of bGH for their
herds as Pyary, “Samat”, “possible", “questicnable", or "other"e A |
Plurality (s percent) was at least somewhat favdrably inclined to adoption.

Date to Firet Trial, Respondents were asked how soon after comercial avaijl-
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experimental results, At all production levels and at a1l Yecent historical
milk prices, the value of additional milk output far cutweighed direct product
cost, Nonetheless, when asked if an increase in th,e.prioe of bGH to $0.25 per
dose would affect their adoption décision, 47 percent responded that they would
be less likely to try the product., a decrease to 80.10 per dose would increace
the likelihood of trial for 40 percen respondents.  Considering

or



Table 2

EXPECTED TIME TO FIRST bCH TRIAL BY
NEW YORK DAIRYMEN, 1984

Initiation Late Percent /Respondents
lamediately upon availability - 27
3 months after avallability ' 12
6 months after avallability i0
1 year after avallability 17
2 years after availability 5
3 years after svailability 5
4 yeare after availability _ 4
Later than 5 years 5
Hever 13
Other, No Response ' 2

Source: Survey results.



Herd Size. As a means of gauging the impact of by on herd expansion plans
respondents were asked, for the next one and five Years, their (a) present
plans for expansion or contraction and {(b) additional changes which might be
made as a result of bGH use. Without bGH the average planned increase in cow
mmbers was reported as 19.6 over the next five years. Since many farmers
have in recent years expanded their milking herd to maintain cash flow with
declining prices, farmers could usé the higher output-per-cow potential of beH
as an opportunity for adjusting herd mmbers. However, no significant impact
was recorded, and we are unable to reject the null hypothesis that herd
adjustment plans will be uraffected by the availability of b@i

Other Factors

Concerns about the respondents' cofprehension of the survey were mlnmlzed
by the written comments included on the mailed forms. These comments Jnd,lcated
a high level of understanding of the Survey purpose and of the product. One
frequent coment received was an expressed concern about the acceptability of
bGH to DHIC (Dairy Herd Improvement. Coop) and related testing programs. This
factor seems to have an impact on adoption rates and could have important.
policy implications.

Farmers also questicned the practicality and des:.rabllz.ty of dally
injections. This is aleo reflected (see below) in a more positive response to
an implant method of administration, Concern over injections is based on the
cperational difficulties of managing the mjection of animals as well as itg
hmaneness.

Farmers expressed an acute awarensss of the potential of increased milk
output to depress further milk Prices. Some farmers, in fact, questioned the
desirability of bGH being made available given market conditions, one farmer
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writing, "It should ke cutlawed.* Others noted that if many other farmers used
bGH they would, practically, have no option but to adopt as well.

Identifying Fast Adopters

We attempted to relate characteristics of farmers ard their farms with
their interest in adopting bm{,l The characteristics studied were barn type,
milking system, hexrd size, average herd production and age of operator.
Farmers were classified as early, migdle and 1ate adopters, according to the
length of time they would wait before trying bGH. Of the total sanmple, 89
percent provided sufficient {information on both farm characteristics and
adoption expectations to use for this analysm. Early ado were classified
as those who would try bGH within cne year of availability. Middle adopters
would try bGH between 1 and 5 years after jts availability, and late adopters
would wait more than 5 yearé or =aid they would never try beH. Rbout two-
thirds of the sample was classified as early adopters with the rest split
petween middle and late adopters.

We used analysis of variance to test for differences among the adopter
categories with respect to ages of the operator, herd size and average produc-
tion. We expected that younger farmers would appear more innovative. This
could result from inexperience, need, or looser bonds of tradition. Early
adopters in the sample are slightly younger than both middle and late adopters
(mean age of 45.5 years versus 49.1 and 48.0 years, respectively). However,
the statistical evidence is not strong, with significance at only the 25
percent level. Average production per cow also varies among adopter catego-
ries. Early and late adopters terd to have higher levels of output per animal
than middle adopters but the differences are not statistically significant.

Giving reasonable significance (30 percent) is average herd size. ILarger
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herds are indicative of better managers, who can be expected to be more
innovative and greater risk takers. The expected pattern developed with early
and middle adopters having s:.gm:flcantly larger herds than late adopters (mean
herd size of 72 and 70 for early and middle adopters versus 49 for late
adopters) .4 5

Analysis of variance could not be used to test for differences among
adopter categories on the basis of geography, barn type or milking system
because of the categorical nature of tha variables. Instead, we conducted

chi-sqguare tests for association. we anticipated that increased requirements

heavy, poorly drained soils of Northeastern New York. However, this was not
supported by survey results. Similarly, milking system did not provide a

Barn type, however, is mgm.flcantly assoc.lated with adopter category
Early adopters were significantly more likely to have free stall or combination
barns than stanchion systems.$ Seventy-five percent of farmers having free
stalls or combinations were early adopters versus only 62 percent of stanchion
barn owners. There is sons quest;.on whether this variable reflects innovative-
ness of farmers or greater ease of administration (campatibility). Accerdmg
to dairy extension spec.tallsts there is no clear advantage for one system over
the other in admmstermg the daily injectiens. The general feeling is that
barn type reflects the innovativeness of the operator with more progressive
farmers using free stall systems.

The two statistically significant factors, average herd size and barn
type, provide a basis for projecting adoption decizions to populations other
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than New York State dalry farmers. However, further analysis is required

before such a projection can be made with confidence.

PRJJ’ECI'ION OF DIFFUSION RA’I’ES

Potential dlfms:.on rates arve projected based on responses to the ques-
tion, "overall, how many COws inyourherdwouldyouexpecttobeusmgme
hormene in: .... ". Respordents were then given a list beginning with six
months and progressing to 10 yéars 'Ihe mail survey asked for separate
responses for injections and imlants as administrative methods. The in-person
survey was limited to injections only as an administration technique. Other-
wise the surveys were identical. '

A mmber of approaches can be taken to analyzing the response to this
question depending on how the surveys were completed. In several cases,
respondents did not provide information on planned bGH use in all the time
pericds indicated. This regquired dropping the response from the sample
altogether or imputing some rate of change in cows on treatment for the
excluded years., Additionally, while most respondents increased the mumber of
cows on treatment over time up to fheir entire herd size, some indicated that
they would level off, with only a pertion on treatment by the tenth year.
Based on available information on the bGH program, it seems highly unlikely
that only portions of a hexd would be treated, except during a trial period.

Consequently, we have calculated diffusion rates in three ways:

* All Responses: include all responses, and when necessary extrapolate use
of the highest indicated level (e.g. if use was placed at 50 percent in
year 5 then 1t was assumed to be 50 percent in year 10 if no other figure

was given.
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* Camplete Responses: all responses that did not completely specify treat-
ment rates for the entire time pez;'iod, six months through 10 years, were
deleted.

% Excluding Partial Adopters: only responses which showed non-adoption or
reached 100 percent herd treatment by the tenth year were included.

The procedure was applied twice, once for injections and once for implants.?
The first data treatment described above is questionable and is not

expected to relate well to actual adoption rates and levels. The second and

third treatments differ by the validity of the Judgment that dairymen will not,
in the long term, maintain only a portion of the herd on treatment. Rather
than attempting to Justify one choice or another, we present both with the
expectation that they will bracket the actual experience. The appendix
contains the data values for injections and implants, respectively, and are
summarized in Figures 2 and 3 for administration by injections and implants,
respectively. As can be seen, the availability of implants would both acceler-
ate the adoption process and raise the long term penetration level,

Estimating Diffusion Functions

As indicated above, previous research Suggests that the diffusion of bcy
can ke expected to follow an ¥gw pattern. This is confirmed by visual examing-
tion of Figures 2 and 3. Of particular interest for this research is the rate
of innovation and the ultimate level of adoption. Unfoxttmately; the conven-
tional estimating form of the legistic (equatiﬁn 1} requires an a priori
estimate of that ceiling level. Jarvig, as noted, ewploved sensitivity
analysis to select the ceiling level most consistent with existing data. 1In
this research we employed an alternative formilation of the logistic function
suggested by Pindyck and Rubinfeld (23, p. 477).
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They note that the solution to the differential equation:

iy;. = oy(B-y) (5)
dt
has the form of equation {1). The diserets approximation to equation (5):
T
A = 0 éYt__l + & (6)
Yeo1

can be estimated using ordinary least squares. In addition equation (6}
provides a simple method of eétima.ti.nq the ceiling level of diffusion. Setting

A Y in equation (6) equal to zero the asymptote is simply:®

= Y, 4 (7)

0*)! <>

Ieast squares estimate of egquations (6) and (7) is given in Table 39, BAs
shown, the goodness of fit of estimated equations is good and coefficients are
all statistically significant.i® As might be expected, rates of diffusion and
maximum levels of use are higher for implants than with injection application.
Estimated asymptotes show levels in excess of 50 percent for all subsanples.
Rejecting the All Responses data treatment as unrealistic leaves a minimm

projected penetration of &3 percert.

SUMMARY AND CONCIUSIONS

This paper develops a procedure for projecting adoption rates of farm
inputs not presently available on the market. The focus on e ante estimates
makes a significant departure from the accepted literature on adoption and
diffusion. Yet a forward-directed analysis is essential if transitions to
genetic engineering-hased technologies are to be as smooth and painless
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Table 3

LOGISTIC DIFFUSION CURVE FI1TS 10 boH ADOPTION DATA
NEW YORK DAIBRYHEN, 19348

Data Treatmenot Intercept Coefflcient 32 LComputed Asymptote
Injection
All Respondents 2.85 -5.59 80.2 51.2
(6.89) {6.16)
Complete Responses 2.27 ~-3.581 864 62.9
{5-79) {5.15%)

Complete Responses
Excluding Partial -

Adop[ers 1-97 247 ?gn5 ' ?908
(4.75) (4.08)
1mplant
All Respondents 2.06 ‘ -3.51 B6.6 8.7
{5.82) {3.18)
Complete Reaponses 1.88 ~2.70 90.6 69.6
{5.91) {3.38) .

Complete Responses

Excluding Partial

Adopters 1.65 =1.86 6.5 84.7
(4.34) ©{3.75)

®Note: t-statistics are ig parentheses

Source: data from Appendix



as such potentially fundamental transitions can be.
The procedure involves providing a sample of producers with facts about
the effects of the product in the familiar forms of a simulated advertisement

and Cocperative Extension "Fact Sheetf. dents are then asked a series of

specific questions about thelr own plans based on the provided information.

As a test case a milk-producing stimilant, bovine growth hormone, or bGH,
was used. Bovine growth hormone, whicliisezmectedtobecmmerialized in the
late 1980's, has the potential for dramatic impacts on milk producticn with
increases per cow of 25 percent and above possible. The results from & sample
of New york dairymen contacted in person and through mail questionnaires during
the sumer and fall of 1984 suggest a moderate~to-rapid adoption rate with a
projected adoption ceiling of 63 to 85 percent with the variation attributed to
how the survey responses are interpreted. These levels are achieved within
three years of cammercialization. In the longer term widespread compound use
will likely lead to the lowering of real milk prices to the point that its use
will became virtually mandatory and hence diffusion near universal. All of
this says that planning needs to begin now for an innovation which is expected
£o have dramatic effects on the dairy sector pefore the end of the decade.

More generally, the results support the use of the proposed procedure as a
means of projecting adoption vates of pending major new technolegical advances
which affect production agriculture. Respordents appeared to have had no
problems comprehending factual infonﬁation of a hypothetical nature and
responding to it in a meaningful way; Indeed confidential industry sources
acknovledged that the results presented above for bGH are similar to those
derived from the more cumbersome and expensive focus group procedure. While

further tests are needed before this procedure may be broadly accepted there is
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no apparent reason why it will not be widely applicable to the score of

biotechnology advances which will be approaching market readiness over the

hext
decade and beyond.
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ENDNOTES

1. In these fomlations, if the percentage level of adoption at time t is
given by ¥, explanatory variables include a value for the maximm level of
diffusion, K, and either Yeo1s 1 = Y4y or both Yeo1 and 1 - ¥y,
2. Griliches (3) arbitrarily defines the "date of cn:j’.c_;'iln'iI of the hybrid corn
innovation as the Year (relative to 1940) when 10 percent of the corn acreage
in a particular region was planted with hybrid seed. This is calculated by
assuming a ceiling of approximately 100 Percent so that:

log (.10 / 1.00 - .10) = 4 + Bt (.10)
Solving for t (.10);

(~2.2-3) /B = t (.10)
where ~ indicates a least squares estimate. While the 10 percent level was
arbitrary it is used merely as a means of ordering regions by date of
adoption. Griliches found that he was able to explain, with a high degree of
confidence, both the "date of origin" and the rate of acceptance.
3. The counties ars Madison, Washington, st. Lawrence, Jefferson, Wyoming,
Ontario and Delaware.
4. For a discussion of the relationship between farm size and the acquisi-
tion of new technology see Feder and Slade {4).
5. The computed F value for the ANOVA is 2.67 with 2 and 151 degrees of
freedom. When testing the hypothesis that the average herd size of early
adopters is greater than that of late adopters, rather than the simple hypo-
thesis that all herd size averages are mnequal, a single t-test «an be used,
With only a single comparison to be macde the t-statistic gives a shorter
confidence interval than the g-statistic. Testing the hypothesis X3 = X5

against the alternative, Xy > Xy, where the 1 and 2 refer to mean herd sizes
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for early and late adopters, respectively, gives a computed t value of 2.40.
This is larger than the 99 percent t-distribution for 130 degrees of freedom

and the null hypothesis of equal means may be rejected.

6. The camputed ¥2'd is 6.84 which is substantially larger than the tabulated
value for 150 degrees of freedam. |

7. FExamples of the three data treatment procedures are as follows:

Respondent/Year Tncluded in Data Set Treatment

all complete partial
gmo 1lyr 2yr 3yr 5yr 10yr respondents  responses adoption
excluded

10 20 310 X

10 20 30 50 50 50 X X

10 20 30 50 | 80 100 X X X
0 0 0 0 0 0 X X X

8. The level of diffusion at any point in time rust then be calculated
pbackward from the asymptote. Choose some Yi approximately equal to the

asymptote. Rewriting equation (6) we have:

A A
0 = 8Y, 2+ (W)Y 5 =Y ®

Fquation (8) can be solved {teratively using the quadratic formila to give a
value for the level of diffusion in any previous pericds.
Tn fact, this yields two sclution for Y¢.j, one approached the asymptote

from above and another from below. Only the value approaching the asymptote
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from below has significance in this contexl:;

9. The results are actually from a weighted OLS analysis where th«_é variables
are adjusted for the mmber of adopters in each period as a means of control-
ling for heteroskedasticity.

10. Note that the parameters are not directly comparable to those of Griliches
(3).
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APPENDIX

PROJECTIONS OF bGH USE OVER TIME
{percent deiry herd/sample aversges)

Injections

Data Treatment o Tiue Period Sample
6 wo 1yr 2 yr  3yr S yr 10 yr Size

411 Respondents 23.7 £3.2 48.5 53.1 53.2  55.5 119
Complete Responses 31.5 51.4 58.2 65.9 65.4 67.2 54
Complete Responses

Excluding

Partial Adopters 36.4 57.3 68.9 84.2 83.7 B4.6 35

_ Implants

All Bespondents 31.3 48.0 54.7 59.8 6L.4 63.8 85
Complete Responses 44.1 60.9 65.7 70.9 72.3 75.5 41
Complete Responses

Excluding

Partial Adepters 43.1 64.0 71.9 86.9 88.8  90.0 26

Source: Sample results



