Bureau of Business Research
Gradutae School of Business Administration
University of Michigan April, 1971

A MICROANALYTIC SALES FORECASTING MODEL
’ FOR NEW INDUSTRIAL PRODUCTS

Working Paper No. 38

by

H. Paul Root, Assistant Professor of Marketing
I. E. Klompmaker, Teaching Fellow in Marketing
University of Michigan

FOR DISCUSSION PURPOSES ONLY

None of this material is to be
quoted or reproduced without .
the express permission of the
Bureau of Business Research



BACKGROUND OF THIS PAPER
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Introduction

Developing the sales forecast is one of thé most difficult
problems of preparing a financial analysis for a new product
investment decision. This paper discusses an approach which
is designed to assist the persons responsible for the sales fore-
cast of new industrial products prior to their introduction. The
proposed model is specifically oriented toward predicting the
growth rate of the new product in its early years. Although the
model utilizes the "build-up' concept that is often used in industrial
sales forecasting, the results of research on industrial buying
behavior may be explicitly incorporated into the use of the model.

Since the forecasting requirements cannot be separated from
the complete financial analysis, the model is designed to be an
.integral component of an economic analysis model. The first part
of the paper will briefly describe the relationship of this ﬁicro~
analytic model to the broader decision problem. The next two parts
of the paper will discuss the behavioral elements underlying the
model and the proposed mathematical formulation.

It should be emphasized that the purpose of this paper is to

present a way of thinking about the forecasting problem and to
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illustrate it more concretely by using a specifib model. The model

- is not intended to be applicable to all forecastinvg problems for new
industrial products. Rather, we are hypothesizing that more relevant
information exists in the firm than is normally used in the more
traditional approaches to forecasting. We hope to demonstrate this
by drawing upon some results of research on ind'usvtrial buying be -
havior which show the many factors that are important in developing
industrial sales forecasts. By showing how these factors might be
incorporated into a mathematical model that can easily be used by
marketing managers, we argue that valuable information existing in

a firm can be incorporated into the forecasts for new products.

‘The Problem of Sales Forecasting

When a company is evaluating the profitability of introducing a
new product that requires large capital investménts, there is always
a problem of accurately estimating the size and timing of unit sales
for various marketing alternatives. The decision to accept or reject
a new -product investment proposal is usually very éensitive to the
sales forecasts. We are assuming that the relative importance of a
sales forecast can only be assessed in the context of the complete
financial analysis problem. Thus, the forecasts to be derived from
the model discussed here are designed to be inputs into a more formal
financial anaiysis project of the type described by Root [ 161. Also,

data collected by Tull [18] indicate that there are usually large errors



associated with new -product sales forecasts. The justification
for this model, therefore, is that sales fore;caSté are important
and difficult to develop.

One of the most difficult components of the foreca.st for a
new product is the growth rate of the sales in the early years. The
most difficult aspect of forecasting is illustrated by a simple example
of the effects_ brought about by the timing of the éalés of a new product.
Figure 1 shows two estimates of dollar sales for a ‘proposed new pro-
duct. These two forecasts have approximately the same dollar sales
over the ten-year period, but if these are discounted using an 8
per cent rate, the present value differs by $6.2 million. That is,
the present value of curve A is $138.7 million while that of curve
B is $132. 5million,

Since many companies consider present vvallue an important
financial criterion, the effects of the growth rate of a new product
may mean the difference between the acceptance or rejection of a
new product proposal. Growth rate is therefore an important element
of the forecasting problem. Equally important is the fact that the
gréwth rat.e of the sales of a new product affects the cash flows and
profits of the new product after it is introduced.

It is usually expected that a firm has some ability to influence
the rate of growth»of the new product by a particular marketing
strategy. The forecgsting approach, therefore, should be sensitive

to changes in the marketing strategy being evaluated. It is also impor -
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tant, of course, that the forecast take into accoun.t the assumed
reaction of vcompetitors. Furthermore, the behavior of potential
customers must be made as explicit as possible in order to evaluate
the effects of a marketing strategy under assumed competitive con-
ditions.

Given the importance of the forecast--particularly the timing
and other factors thé.t must be considered when Aeveloping it -~the
forecaster should be willing to use every available piece of information.
One way to do this is with a microanalytic demand model, which
Philip Kotler has defined as:

. ..one which specifies the intervening be-

havioral variables and sequences occurring

between the reception of stimuli and its

crystallization in action. Here interest centers

in explicating exactly what transpires when

customers are exposed to particula’r marketing

and environmental stimuli. [8, p. 54|
Although the model to be developed here may not completely satisfy
all of the requirements of Kotler's definition, we feel it is a step in
the right direction.

The model discussed here is limited to those new products for
which there is a small number of major potential customers. Thus it
can be assumed that the introducing firm has or can economically obtain
extensive information on various characteristics :of each of these
customers. The model is also intended for those products which can

be purchased for trial use, such as raw materials or components --for

example, a new chemical or a new electronic component. It should also
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be applicable to such things as a new aircraft for commercial air -
lines or a new kitchen arrangement for institutional customers like
military installations. Corfam, for example, would have met these
conditions; there were probably no more than 50 or 60 major customers
who could be expected to account for most of thé eafly sales, and each
of these customers could adopt Corfam on one or tw.o particular price

lines of shoes without deciding whether to convert totally to Corfam.

Behavioral Elements of the Forecasting System ‘

The basic assumption of this model is that the amount of the new
product used in any period by a potential customer is a function of
certain characteristics of that customer, the marketing strategy
employed, and the actions of competitors.

The estimate of the total potential usage by cﬁstomer i of the
generic product, Pi (as opposed to the introducing company's particular
brand), is probably one of the easier factors to estimate for each
potential customer. For example, in the case of an aircraft company
introducing‘ a new aircraft to the airlines, P‘_1 for gach airline would be
the total number of planes owned by that airline which this plane might
replace. Ip the Corfam example Pi would be the total quantity of
leather used by shoe manufacturer i which Corfam might replace.

The model proposed here is mathematicaﬂy described as:

n
S(t) = 1P M ()F (t)
i
i=1
where S(t) is the total estimated unit sales in

period t'for all n customers when Pi is
the total annual potential usage and
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n n _
S(t) = i PM(t)F (t) - 21 P M(t-1)F (t-1)
i=1 ' EEE S B '

when Pi is the total potential usage.

Each potential customer also needs to know the maximum fraction
of the business that is potentially obtainable for the specified combination
of marketing strategy and competitive reaction. T_his is denoted as
Mi(t). For example, if it is assumed that there would be no competition
from a similar new product, is it conceivable thét 100 per cent of the
potential could be obtained? If the customer has a strong preference
for alternate sources, it may well be that 70 or 80 per ceni would be
the maximum expected share for the new product even under optimal
conditions. The maximum share obtainable might be 100 per cent for
a customer as long as competition doesn't have a similar product, but
as soon as a competitor introduces a new product the maximum share
might drop because of the customer's preference for the competing
firm. It is also possible to introduce the effect of an expansion of
the market by adjusting the Mi(t) estimate.

So far it has been shown how the actions of competitors and a
single item of information about each potential cﬁstomer, i.e., their
tvotal potentjal usage, would be incorporated into the model. We must
now show how the effects of differences in the characteristics of each
customer and different marketing strategies will be incorporated.

The function, Fi(t)’ takes on values between 0 and 1 and re-

presents the proportion of Pi converted to the generic new product by
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time period t. An assumption of this model is th‘ét this proportion
is a function of both "individual needs and organizational needs"
described by Webster [ 19, p. 256] . Ozanne and Churchill's
[14] c,oﬁceptual model suggésts that the antecedeﬁts to the
industrial adoption process "include the adopting firm's identity,
the decision group's identity, and the participant's perceptions of
the situation. " Mansf'ield [13] lends support to.-this basic nodtion
when he concludes that 'the personality attributes.," interests, train-
ing, and other characteristics of top and middle‘_management may
play a very important role in determining how quicbkly a firm introduces

" Thus, the proportion used is a function of economic

an innovation. '
considerations and "extra-economic' considerations. Feldman and
Cardozo [ 2 l have broken this model down into three identifiable
factors:

1. Economic factors

2. Risk preference

3. Resource allocation preference

In Cardozo and Feldman's modelvthe objective, economic factors
take on different relative weights depending on how the firm's risk
preference affects its regard for the importance of each of these
factors. Thus, each firm which is a potential ‘customer may have
a different optimum combination of economic factors depending on

its particular risk preference. Since it is necessary for each of the
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potential customers to spend time and money determining what
particu".far oétimum combination of economic factors is best for

them, their resource allocation preference affects the extent to

which they are willing to seek this optimum combination. It may

well be that they will settle for something less than optimal if time
and money are scarce. All three of these factors are influenced both
by characteristics of the particular firm and by the marketing strategy
chosen by the introducing firm.

The problem with this latter model is that it is extremely difficult
to measure both the concepts of risk preference and resource allocation
preference. However, other work in the area of adoption of innovations
by industrial firms and the intrafirm diffusion of these innovations
yields several variables which may well act as surrogates for various
dimensions of these two preferences. This same work has also determined
several economic considerations which appear to be important. A
discussion of each of the three factors in the Cardozo and Feldman
model and possible surrogates for them will be briefly described before

showing how they may be incorporated into the model.

A, Economic factors

Economic factors are those which have been historically associated
with the rational, industrial buyer. In the classical "eponomic man''
model of industrial buyer behavior, it is only necessary to consider
these factors to be able to predict what a rational individual will do.

Some of the factors which have been identified in the literature are:
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1. Rate of return to be gained by incorporating

the innovation in the operation of the firm.
Mansfield [ 10’ found a relation between this
factor and the intrafirm rate of diffusion. He
also found [ 13] that this factor is inversely
related to the time for adoption.

2. Expected incremental profit or relative advantage

to be realized from the innovation rather than
from the alternatives. This advantage, discussed
by Webster|[ 20] , can come about through an
increase in revenues, a decrease in costs, or
some combination of both.

3. Size of investment required to adopt the innovation

has been discussed by Mansfield [13] . This is
an economic factor but one that affects the
buying firm's risk preference.

4, Webster [20] also found a relationship between
the adoption decision and the firm's profitability

trend, market share, and gross sales.

The economic factors listed are a result of both characteristics
of the potential customers and the marketing strategy used in the
introduction. Although the profitability trend, the market share, and

the gross sales of the potential customers are primarily characteristics
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of the fir.;m and are not influenced by the marketing strategy, the
remaining economic factors are affected by the strategy. The rate
of return to be gained, the expected increment.al profit, and the
size of the investment required can all be altered by a product
development strategy which attempts to make the product as com-
patible as possible with each of the potential customer's individual
needs. The pricing strategy will be directly related to each of
these three economic factors. To the extent that the product
minimizes quality control in the purchasing firm's plant, these
three factors are also minimized. A firm can also accomodate a
customer's needs by offering sales and technical service activities
following the purchase of the product. If this latter approach is
taken, the promotion of the product must stress the '"post-purchase'

porticn of the total product package.

B. Risk preference

Scott Cunningham [4 |describes perceived risk as '"the per-

ceived certainty of a given event happening and the consequences

involved if the event should happen.' Some of the variables which
affect this factor are:

1. Size of firm. Mansfield [10 and 13] found

that the size of the firm was inversely related
to both the time before adoption and the rate of
intrafirm diffusion. Thus it appears that the

larger firm is better able to tolerate risk and
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~adopts earlier than the smaller firm. On
the other hand, the rate of diffusion within
the smaller firm may be more rap.id_ than

within the larger firm.

Time before adoption. The intrafirm rate of

diffusion is increased as the time before adoption
increases. It is suggested [10] that the risk in- :
volved decreases with time. This factor may help '
explain the difference in rates of diffusion between

lﬁrge and small firms.

Liquidity. As a firm's liquidity increases, so

does its ability to tolerate risk. Accordingly,

liquidity has been fouﬁd to be directly related to

the intrafirm rate of diffusion [10] and to the

decision to adopt [20]

Aggressive or self-confident management. Webster '

[21] feels that this characteristic of management
should have a direct bearing on the firm's pre-

ference for risk.

Vertical versus horizontal integrétion. Sutherland
7171 detected a relationship between the organization
~of the firm and the speed of adoption: vertically
integrated firms have a tendency to adopt before
horizontally integrated firms. Althouglr-l the reasons

aren't clear, it can be argued that this could have an
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effect on the firm's ability and willingness to
tolerate risk.

6. Information provided by selling firm. Webster [20]

contends that this factor can have a significant effect
on the extent of risk perceived by the adopting firm.

7. Size of investment. As the size of the investment

required increases, the consequences of a wrong

decision increase and, thus, so does the risk in-

volved.

It would seem that a firm's preference for risk and the affect

of risk on that firm's willingness to adopt a particular new product
would have little relation to the marketing strategy used in the
introduction of the new. product. But consider the factors listed
above. Certainly the promotional strategy would ﬁave a direct
effect on the information providea, and the price .and product strategy
would have a direct effect on the size of the investment required. The
remaining factors listed above are primarily characteristics of the
firms. However, the. fact that the time before adoption has an effect
on the intrafirm rate of diffusion does imply that there will be revisions
in strategy after introduction. Once the product has been introduced,
it may be worthwhile to alter the marketing strategy.to account for

expected differences between early and late adopters.
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C. Resource allocation preference

The preference for resource allocation is exhibited by a
willingness to spend time and money evaluating innovations which
are offered by various selling firms. Some factors which are
related to ahd are part of this preference are:

1. Rate of internal new-product development. Webster

[21] found that firms doing a greater amount of new-
product development than other firms also spent
a greater portion of their time evaluating new pro-
ducts.

2. Technical progressiveness. Carter and Williams

[3 ]developed a procedure whereby firms could
assess their relative degrees of technical pro-
gressiveness, which is a measure of their pro-
pensity and ability to introduce new products. Thus,
this technical progressiveness relates,. in turn, to
item 1 above.

3. Internal capability for evaluating new products. It

would seem apparent that this factor should be related
‘to' the resource allocation preference, since some
degree of preferenée has already been exhibited by
the firm's willingness to develop such capabilities.
Empirical evidence also supports this relationship

as discussed by Webster [21],
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Although the rate of internal new—pvroduct development and
the technical progressiveness of the firm are not subject to
changes in the marketing strategy, the internal capability for
evaluating new products can be subject to the strategy employed.
Isn't it possible to enhance a firm's capability to evaluate new
products by providing the necessary technical and marketing infor-
mation which is most compatible with a firm's particular approach
to evaluation? If so, then the resource allocation preference could

also be affected.

A Model for the Growth Rate Element

We must emphasize that the model to be discussed is only
an example of a possible class of models which might be used. This
model, which uses a Weibull distribution [6] , was selected because
of the flexibility of the distribution. Until this model is evaluated
through use in a particular situation, it must remain tentative.

The basic equation is of the form:

b

(1) F(t) =1 -[exp -(t-a) /c ]

where tya, b positive, ¢ positive
and F(t) = 0 for te a.

It can be seen that the use of a Weibull distribution implies
that Fi(t) increases as a function of time. That is, there is no point
in time whe;e the potential customer's use of the new product goes
from 0 to 100 per cent. This would seem to be a reasonable assumption

given that the customer perceives risk in conversion to the new material

or component.
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The parameter a is the location parameter and defines that
point in time when the usage rate begins to rise (see Figure 2.) In
terms of the model proposed here, then, the value of parameter a
describes the length of the period between the introduction of the new
product and its adoption by the particular firm. This model defines
the time of adoption as that point in time when the product is first
accepted for use on a trial basis. Thus, the trial period becomes a
part of the period when the firm's use goes from 0 to 1.0, the intra-
firm diffusion period. A positive evaluation by the adopting firm
will result in a continuous rise in the usage, while a negative
evaluation will result in either discontinuance, which would mean a
return to the old product, or stabilization of the usage at the level
achieved during the trial period. Either eventuality can be shown by
a change in the value for M;(t) for the period t when such a negative
evaluation would be expected.

Parameter b is the shape parameter and is used to describe
the path followed in going from 0 to 100 per cent usage. To better
understand the role of b in this model, it is necessary to introduce
the concept of instantaneous adoption rate, Z(t). This function is
defined as

(2) Z(t) = £(t)/1-F(t)

where f(t) = dF(t)/dt.
In this discrete case, Z(t) is the number of units to be con-

verted in a given period divided by the number of units not yet
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converted to the new product. It can be shown for the simple
Weibull distribution that

b b-1
c

(3) Z(t) = 7 (t-a)

This function is an increasing function for b>1, a decreasing
function for b« 1, and a constant for b=1. The effect on F(t) of
changing b while holding parameters a and ¢ constant can be seen
in Figure 3.

Parameter c controls the length of time it takes for the firm
to go from 0 to 100 per cent usage. It does this by directly affecting
the instantaneous adoption rate, Z(t). This relation can readily be
seen by examining equation (2) with b=1; then Z(t) = El- Parameter c
is inversely related to the instantaneous adoption rate, which makes
it directly related to the time required for completing intrafirm
diffusion. Figure 4 illustrates the effect on F(t) of changing ¢ and
holding parameters a and b constant.

This brief description of the model is intended to show how the
model may be used to incorporate the previously mentioned results
from studies on industrial adoption and diffusion. Parameter a is
directly related to the time before a firm adopts, parameters b and
c both relate to the firm's intrafirm rate of diffusion, and the variable
M;(t) can be used to account for trials and evaluations which prove to
be unsuccessful. It is this flexibility of the model and potential for
close correspondence to research findings on industrial buyer behavior

which make the model attractive to the authors.
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It is possible to envision instances where one wishes to
change the shape of the growth curve of use in a discontinuous
fashion.. This may be necessitated by a major change in the
marketing strategy at some time in the future, or vit may be re-
quired to show the effects of significant changes in the uncontrollable
variables in the marketing environment such as economic conditions,
technology, and so forth. To accomodate such an occurrence, the
user of the model may wish to change the parameters b and c over
time. This can be done by using the composite Weibull, which is
defined as

(4) F(t) = Fj(t) for Sjgx:gsju, j=0, 1,. 2...<

This is known a's anvy-component composite Weibull, as
described by Kao [6| , where the jth component in cumulative

density function form is:

bj, .
Fj(t) = l-exp[ -(t-a) J/e; ]
Thus, the parameter values of equation (1) can assume different

values for different time periods.

Obtaining Parameter Estimates
One of the major advantages of using this model is that the
estimates of the parameters are specific functions of the information
discussed in the section, '"Behavioral Elements of the Forecasting
System. ' This is evidenced by the relationship between parameters

a and time before adoption and between parameters b and c and the
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intrafirm rate of diffusion. It is thus possible to incorporate
directly the findings of research on adoption and diffusion into
this model.

The relationship described in the paragraph above makes it
possible for the practitioner to use the model., The first step
would be to describe the relationship between various independent
variables and the three parameters by analyzing the data from pre-
vious new-product introductions. The relationship could then be
used to produce a preliminary sales forecast for each potential
customer over the planning period of interest. If the model is
put into a computer, the forecast could be illustrated on a screen
through the use of video display units for those knowledgeable about
the specific customer. It would then be possible to alter the
parameters in accordance with additional subjective or objective
information. The effects of these revisions to the parameters on
both the individual customer's forecast and the overall forecast
could be observed. Sensitivity analysis of this type could prove
beneficial in determining additional information needs.

Cnce the product had been introduced, the parameters could
be adjusted in the light of this additional information. They might
be used as observed, or they might be combined withthe a priori
estimates described in the preceding paragraph to obtain new posterior
estimates for updating the sales forecasts. If the parameter estimates

could never be verified, the proposed model would be of little value
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because it could never be improved. Since this quel can be
empirically tested, it is possible to continually modify and
improve it.

In the Appendix, parameter estimates are provided for ten
hypothetical customers. No attempt is made to justify the para-
meter estimates by assigning any characteristics to the firms.

The F(t)'s are then computed for each of the firms and the estimates
of P(t) and M(t) are used to generate estimates of annual unit

~sales. These sales forecasts for individual customers are summed
and the totals plotted. The resulting sales curve has a shape which

appears to be reasonable.

Summa.ry and Recommendations

The goal of this paper was to provide a method of generating
annual unit sales forecasts by utilizing information about (1) a pro-
posed marketing strategy, (2) assumptions on competitive actions,
and (3) individual customer characteristics. We do not claim that
this goal has been fully achieved. It is evident that achieving this
goal is difficult, but the _diryection for achieving it is now more
visible.

Although the approach discussed in this paper has many obvious
weaknesses, we feel that it could be refined to imp‘rove current
simulation approaches. Kotler's paper [71, which is a simulation
approach té the growth of sales with different competitive strategies,

also has many assumptions which can never be verified, even with



-24-

future data. We feel, however, that this approach 1r‘las been worth-
while and should be pursued further. The flexibilitvy of the three-
parameter Weibull distribution, the model's capacity for readily
integrating new research findings, and its sensitivity to changes in
marketing strategy and competitor's actions afe the main reasons

for maintéining interest in the proposed model. One further advantage
is that the model is constructed in such a fashion that it implicitly
suggests possible revisions to the marketing strategy.

Data on the sales of new industrial products will be gathered
concurrently with efforts to improve the model, so that posterior
estimates of the parameters can be made. Addi‘ti;)na\l research will
be conducted on the use of the model by managers charged with

developing forecasts for new product proposals.
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APPENDIX

Parameter Estimates

Potential Parameter Parameter Parameter
Customer - a b c
1 1.0 .0 3.0
2 1.5 .0 3.0
3 .5 .0 2.0
4 .5 .5 1.0
5 1.0 .5 3.0
6 1.5 .5 2.0
7 2.0 1.5 3.0
8 1.7 1.5 1.0
9 .5 2.0 3.0
10 1.0 1.5 1.0
Customer 1
Period F(t) P M(t) S(t)
1 .0 13,000 1.0 0
2 . 2835 13, 000 1.0 3, 685
3 . 4866 13,000 1.0 6,326
4 . 6321 13, 000 1.0 . 822
5 . 7364 13,000 1.0 957
6 . 8111 13, 000 1.0 1,054
7 . 8647 13, 000 1.0 1, 124
8 . 9030 13,000 1.0 1,174
-9 . 9305 13,000 1.0 1,210
10 . 9502 13, 000 1.0 1,235

-27-
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Customer 2

Period F(t) R M(t) S(t)
1 .0 4, 000 1.0 0
2 . 1535 4,000 1.0 614
3 . 3935 4,000 1.0 1,574
4 . 5654 4, 000 .5 1,131
5 . 6886 4, 000 .5 ‘1,377
6 . 7769 4,000 .5 1,554
7 . 8401 4,000 .5 1, 680
8 . 8854 4,000 .5 1,771
9 .9179 4,000 .5 1,836

10 . 9412 4,000 .5 1, 882
Customer 3
Period F(t) P M(t) S(t)
1 L2212 2,000 1.0 442
2 .5276 2,000 1.0 1,055
3 . 7135 2,000 1.0 1,427
4 . 8262 2,000 .4 661
5 . 8946 2,000 .4 716
6 .9361 2,000 .4 749
7 .9612 2,000 .4 769
8 . 9765 2,000 .4 781
9 . 9857 2,000 .4 788
10 . 9913 2,000 .4 793
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Customer 4

Period

F(t) P M(t) S(t)
1 . 5069 25, 000 1.0 12, 673
2 . 7062 25,000 1.0 17, 655
3 . 7943 25, 000 1.0 19, 858
4 . 8460 25,000 .8 16,920
5 . 8801 25,000 .8 17, 602
6 . 9042 25, 000 .8 18, 084
7 . 9219 25, 000 .8 18, 438
8 . 9353 25,000 . 8 18, 706
9 . 9458 25, 000 .8 18,916
10 . 9541 25,000 .8 19, 082
Customer 5
Period F(t) P M(t) S(t)
1 .0 16,000 1.0 0
2 . 2835 16,000 1.0 4,536
3 . 3759 16,000 1.0 6,014
4 . 4386 16,000 1.0 7,018
5 . 4866 16, 000 1.0 7, 186
6 . 5254 16, 000 1.0 8, 406
7 . 5580 16,000 1.0 8,928
8 . 5860 16, 000 1.0 9,376
9 . 6105 16, 000 1.0 9, 768
10 . 6321 16, 000 1.0 10, 114
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Customer 6

Period F(t) P M(t) S(t)
1 .0 3,000 1.0 0
2 . 2978 3,000 1.0 893
3 . 4579 3,000 1.0 1,374
4 . 5464 3,000 1.0 1, 639
5 . 6076 3,000 1.0 - 1, 823
6 . 6538 3,000 1.0 1,961
7 . 6904 3,000 1.0 2,071
8 . 7205 3,000 1.0 2,162
9 . 7457 3,000 1.0 2,237
10 L7672 3,000 1.0 2,302
Customer 7
Period F(t) P M(t) S(t)
1 .0 18, 000 1.0 0
2 .0 18, 000 1.0 0
3 . 2835 18, 000 1.0 5,103
4 . 6105 18, 000 .5 5, 495
5 . 8231 18, 000 .5 7,408
6 . 9305 18, 000 .5 8,374
7 . 9759 18, 000 .5 8, 783
8 . 9925 18, 000 .5 8,932
9 . 9979 18, 000 .5 8,981
10 . 9995 18, 000 .5 8, 995
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Customer 8

Period F(t) P M(t) S(t)
1 .0 12, 000 1.0 0
2 . 1515 12, 000 1.0 1,818
3 . 7729 12. 000 1.0 9,275
4 . 9694 12,000 .25 2,908
5 .9975 12, 000 .25 2,993
6 . 9999 12,000 .25 3,000
7 1. 0000 12,000 .25 3, 000
8 1. 0000 12, 000 .25 3,000
9 1. 0000 12, 000 .25 3,000

10 1. 0000 12, 000 .25 3, 000
Customer 9
Period F(t) P M(t) s(t)
1 . 0800 20, 000 1.0 1, 600
2 . 5276 20, 000 1.0 10, 552
3 . 8755 20, 000 1.0 17,510
4 .9831 20,000 .5 9,831
5 . 9988 20, 000 .5 9,988
6 1. 0000 20, 000 .5 10, 000
7 1. 0000 20, 000 .5 10, 000
8 1. 0000 20, 000 .5 10, 000
9 1. 0000 20, 000 .5 10, 000
10 1. 0000 20, 000 .5 10, 000
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Customer 10

Period F(t) P M(t) S(t)
1 .0 5, 000 1.0 0
2 . 6321 5, 000 1.0 3,161
3 . 9409 5, 000 1.0 4, 705
4 . 9945 5,000 1.0 4,973
5 . 9997 5,000 1.0 4,999
6 1. 0000 5,000 1.0 5,000
7 1. 0000 5, 000 1.0 5,000
8 1. 0000 5, 000 1.0 5,000
9 1. 0000 5,000 1.0 5, 000
10 1.0000 5,000 1.0 5, 000




-33.

€0F ‘29SS . 9¢L ‘19% 206 ‘09¢% €6L ‘65$ 281 ‘gs$ 6%9 ‘ss¢ 86¢€ ‘15$ 991 ‘€L$ 696 ‘¢3¢ ST1L ‘1% s{ejorl
000 ‘s 000 ‘s 000 ‘s 000 ‘g 000 ‘g 666 ‘¢ €L6 ‘P SoL ‘¥ 191 ‘¢ 0 0T
000 ‘01 000 ‘01 000 ‘01 000 ‘01 000 ‘01 886 ‘6 1€8 ‘6 0TS ‘L1 265 ‘01 009 ‘1 6
000 ‘¢ 000 ‘¢ 000 ‘¢ 000 ‘¢ 000 ‘¢ €66 ‘2 806 ‘2 SLZ°6 818 ‘T 0 8
€66 ‘8 186 ‘8 2¢6 ‘8 €8L ‘8 pLE ‘8 80% ‘L S6% ‘g €01 ‘S 0 0 L
20¢ ‘2 Lge‘z 291 ‘2 1L0 ‘2 196 ‘1 €28 ‘1 6€9 ‘1 YLE ‘T €68 0 9
FIT ‘01 89L ‘6 9L¢ ‘6 826 ‘8 90% ‘8 98L ‘L 810 ‘L $10 ‘9 9¢S ‘v 0 S
280 ‘61 fo,,m: 90L ‘81 8¢¥ ‘81 $80 ‘81 209 ‘L1 026 ‘91 868 ‘61 SS9 ‘L1 €L9 ‘21 P
€6L 882 182 69L 6% L 91L 199 L2 ‘1 S50 ‘T rA 42 €
288 ‘1 9¢8 ‘1 4L °T 089 ‘1 ¥S9S ‘1 LLE T T€T ‘1 PLS T $19 0 r4
€eZ1 $ 012°1 $ PLIT $ P21 °T ¢ $¥S0°1 ¢ LS6 $ 228 $ 92¢°9¢g S89°‘¢c ¢ O $ 1
01 6 8 L 9 s ¥ 3 Z I Iawo3sny)
potxag ieliusjog

3}sBO9I10 g S9BG JlU[] [EnuUUsy




Unit Sales Forecast
Thousands of Units

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

-34-

TOTAL ANNUAL UNIT
SALES FORECAST

Competition
enters

Year

10



=3
>

-35-

WORKING PAPERS

Sidney C. Sufrin, "Reflections on Evolving Competitive Aspects
in Major Industries,' Oct, 1969, 74 pages.

M. Lynn Spruill, "A Scoring System to Aid in Evaluating a
Large Number of Proposed Public Works Projects
by a Federal Agency," Oct. 1969, 17 pages.

John D. Ludlow, '"The Delphi Method: A Systems Approach
to the Utilization of Experts in Technological and
Environmental Forecasting,' Mar, 1970, 52 pages.

Claude R. Martin, '""What Consumers of Fashion Want to
Know, " June 1970, 20 pages.

Sidney C. Sufrin, H. Paul Root, Roger L. Wright, and Fred
R. Kaen, '"Performance Issues of the Automobile
Industry,' Sept. 1970, 186 pages,

James R. Taylor, ''Management Experience with Applications
of Multidimensional Scaling Methods," Sept. 1970,
27 pages.

Daryl Winn, '"Profitability and Industry Concentration, "
Sept. 1970, 102 pages,

Joseph W, Newman and Richard Staelin, "Why Differences in
Buying Time? A Multivariate Approach,' Oct., 1970,
20 pages.

Claude R. Martin, '"The Contribution of the Professional Buyer
to the Success or Failure of a Store," Oct, 1970,
20 pages. '

Copies are no longer available,



10.

11, =

12,

13.

14,

15,

16.

17,

18.

19.

20,

21,

-36-

James R, Taylor, '"An Empirical Comparison of Similarity
and Preference Judgments in a Unidimensional
Context," Oct. 1970, 44 pages.

H. O. Helmers, "A Marketing Rationale for the Distribution
of Automobiles,' Nov, 1970, 115 pages.

Merwin H, Waterman, 'Global Capital Markets,' Nov. 1970,
35 pages,

Claude R. Martin, ''The Theory of Double Jeopardy and Its
Contribution to Understanding Consumer Behavior, "
Nov. 1970, 27 pages. '

Patricia Braden and H. Paul Root, "A Study of the Sources and
Uses of Information in the Development of Minority
Enterprise--A Proposal for Research on Entrepreneur-
ship," Dec., 1970, 28 pages.

Andrew M. McCosh, "Program Auditing," Dec. 1970, 21 pages.

Kenneth O. Cogger, '"Time Series Forecasting Procedures for
an Economic Simulation Model," Dec. 1970, 36 pages.

James T, Godfrey and W, Allen Spivey, '"Models for Cash
Flow Estimation in Capital Budgeting,'" Dec. 1970,
33 pages. '

W. Allen Spivey, ''Optimization in Complex M'anagement Systems, "

Dec, 1970, 27 pages.

Claude R. Martin, "Support for Women's Lib: Management
Performance," Jan., 1971, 19 pages.

Donald G. Simonson, 'Innovations in the Economics of Project
Investment, ' Jan. 1971, 57 pages.

Donn C. Achtenberg and William J. Wrobleski, '"Corporate
Financial Modeling: Systems Analysis in Action,"
Jan, 1971, 26 pages. ’

e
-«

Copies are no longer available.



22,

24, %

25,

26,

27,

28.

29. 5K

30.

31.

32,

-37-

John D, Ludlow, 'Sea Grant Delphi Exercises: Techniques for
Utilizing Informed Judgments of a Multidisciplinary
Team of Researchers," Jan, 1971, 84 pages.

Ross Wilhelm, ''The Spanish in Nova Scotia in the XVI Century--
A Hint in the Oak Island Treasure Mystery,' Feb, 1971,
40 pages,

Charles N, Davisson and Herbert F, Taggart, ''Financial and
Operating Characteristics of Automobile Dealers and
the Franchise System,' Feb, 1971, 243 pages.

H. Paul Root, '"Market Power, Product Planning, and Motivation, "
Feb., 1971, 22 pages.

H. Paul Root and Horst Sylvester, 'Competition and Consumer
Alternatives,'" Feb, 1971, 21 pages.

Dick A. Leabo, '"Stepwise Regression Analysis Applied to
Regional Economic Research,' Feb, 1971, 20 pages.

M. J. Karson and W, J. Wrobleski, '"Some New Statistical
Methods for Analyzing Incomplete Brand Preference
Data,' Mar, 1971, 25 pages,

Thomas C, Kinnear and James R, Taylor, '"Multivariate
Methods in Marketing Research: A Further Attempt
at Classification," Mar, 1971, 11 pages.

W. Allen Spivey, ''A Deductive Approach to Linear Optimization, "
Mar, 1971, 74 pages. '

Neal Campbell and Cyrus K, Motlagh, "A Stochastic Model of
the National Political System in the United States, "
Mar, 1971, 39 pages.

H. Paul Root, "Implementation of Risk Analysis Models for
the Management of Product Innovation,' Mar, 1971,
62 pages.

Copies are no longer available.



33.

34.

35.

36.

37.

-38-

William K. Hall, '""The Utilization of Linear Optimization
Models in Adaptive Planning and Control, " Mar.
1971, 21 pages.

William K. Hall, ""The Determination of Optimal Customer
Selection and Allocation Policies for Finite Queues
in Parallel, ' March. 1971, 22 pages.

John D. Ludlow and Patricia L. Braden, ''Socioeconomic
Development in the Grand Traverse Bay Area, "
Apr. 1971, 59 pages.

Cyrus K. Motlagh, "Evaluation of Input-Output Analysis as a
Tool for the Study of Economic Structure of the Grand
Traverse Bay Area,'" Apr. 1971, 30 pages.

Raymond E. Hill and Edgar A. Pessemier, "Multidimensional
and Unidimensional Metric Scaling of Preference
for Job Descriptions, ' Apr. 1971, 60 pages.

Copies are no longer available.



