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ABSTRACT

This paper is a report on a research project concerned with the
general question of the extent to which administrative innovations affect
- the evaluation of technical innovations in business firms. The specific
administrative innovation used in the study is a probabilistic cash flow
model.  The model is a large-scale simulation model that utilizes
estimates of probability distributions for unit process, unit sales, unit
costs (for each of several jointly produced products), capital invest~
ment, fixed manufacturing costs, and annual marketing and opportunity
costs. Alternative marketing and manufacturing strategies can be
evaluated through the use of probability distributions for various financial
criteria. The paper will discuss the computer model, the experiences
of implementing the model in six large industrial firms, and the effect
of using the model on organizational behavior in these firms. Special
emphasis will be placed on the importance of designing risk analysis
models so that they can be useful to the various persons involved in
evaluating new-product investment decisions.

BACKGROUND OF THIS PAPER

This paper is based on the studies being conducted at the Bureau

of Business Research, as part of a Research Program on Administrative
Decisions. This research program has been supported by various firms.
The author gratefully acknowledges the excellent computer programming
assistance provided by Kathleen Goode, Research Associate, Bureau

of Business Research. This paper was prepared for presentation at

the XVIIIth International Meeting of the Institute of Management Sciences,
Washington, D.C., March 24, 1971,
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Introduction

Many articles concerned with risk analysis models have appeared
in the management science literature in recent years [6,7,9,13 and 21].
Most of these articles have concentrated on the technical aspects of the
model, after a brief introductory statement pointing out the advantages
of using a risk analysis approach. While it is true that this paper will
discuss a particular model, the emphasis is on implementation. Specifically,
the paper will attempt to answer two questiqns régarding these particular
models. First, should the model be used? Here it will be argued that
yes, they should be used, but not for the reasons usually given in the
literature. The second question is, will the model be used? Again the
answer will be yes, but some situations will be pointed out in which it
becomes very difficult to achieve implementation, and there are others

where such an approach is not really needed.

Implementation

It is important to recognize that the concern in tlﬁs paper is not
with implementation just for implementation's sake, even though that
is a very crucial topic for professional management scientists and one
that is often discussed formally and informally in meetings. Neither
is this paper strictly concerned with the implementation of risk analysis
models because they will increase profits. While many of us have

-1-
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strong visceral feelings that they will improve profits in the long run,
we cannot demonstrate this, nor has it been verified in the literature.
Indeed, attempts to show that these models will increase profits (or
decrease losses) would probably be frustrating and not worth the effort.
The principal reason for discussing the implementation of these
models on this occasion is to examine the ways they affect decision-
making behavior in the firm, Compare the implementation of risk
analysis models with the implementation of managerial accounting,
planning methods, and inventory control, As with the use of risk analysis
models, the relationship between profits and the use of these activities
cannot be scientifically demonstrated. With them, however, there is
no myopic doubt about whether or not these activities should be carried
out (which is not to say there isn't concern with how they might be
improved). The reason is that managers can see the benefit of these
activities in showing them where they are compared to where they
want to be, and this information helps them in making decisions. For
the same reason the implementation of risk analysis models is useful
because these models not only indicate where you are compared to
where you want to be in the management of major product innovations,
but more important they add a new dimension that can be useful in

directing management activities.

Risk Analysis Models

The term risk analysis models is used to mean that the relevant

financial criteria are represented by probability distributions rather
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than by only single-point estimates. If, for example, discounted
return on investment (ROI) is one of the financial criteria that managers
are concerned with, then it can be represented as a distribution so that
such questions as these can be answered. What are the chances that
ROI will be less than 20 per cent? What is the ROI that has a 50/50
chance of occurring?

For innovation of a major new product these probability distribu-
tions must be baised on a combination that includes subjective estimates
of persons in marketing, research and development, accounting, manu-
facturing, and so on. That is, management must ultimately face the
question of whether or not they will sign on the dotted line to approve
the funding of $5 million for the new manufacturing facilities, the
advertising campaign, and other expenditures requiréd to launch that
new product developed from a recent R and D project. To get the
appropriate information to the appropriate persons who influence that
decision requires the cooperative efforts of several departments in a
firm,

This cooperative effort, the decision-making process, as opposed
to the final act of signing on the dotted line, is central to the discussion
here. It is during this process that risk analysis models can be most
beneficial, although they may have no effect on what is generally called
the final decision-making act. It is necessary to expand this point

before elaborating upon the concept of a risk analysis model.



Decision-making Behavior

Perhaps the most serious problem in the development of risk
analysis models as well as other management science models is the
tendency to attach an unwarranted importance to the final decision-
making act. That is, most of the proponents of such models emphasize
the value of these techniques when top management must decide whether
or not to sign on the dotted line and,if they sign, how much to sign for.
The assumption is that the firm may be viewed as a single decision-
making unit, and fherefore the model must be designed to be used by
the top decision-making officer.

Unfortunately, this assumption has never been verified. In fact,
almost all studies of decision-making behavior in firms show that many
acts that are crucial to the final decision occur long before the proposal
is submitted for official approval [1,2,3,5,8,14,16 and 20]. This is not
to say that those in top management do not influence the decision.
Clearly, they do, but they do it in ways that have little bearing on
whether a risk analysis model or astrology is used to make the final
evaluation. (Neither does this mean that the sympathetic understanding
of top management is not a factor in the use of the model--a point to be
covered later.)

The crucial stage that determines whether a new product idea
will end up .before it is more than a gleam in someone's eye or be
subjected to the full competitive test of the market place is in the

analysis process. It is in this phase of the sequential decision-making
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that alternatives are evaluated, information collected, and decisions
made on when and what to present to the appropriate individuals in the
decision-making hierarchy. These results have been discussed in many
studies of organizational decision making and will not be detailed here.
The important point is that this is the major problem area in the innova-
tion process and the area where the application of risk analysis models

offers the most benefits.

The Research Area

Perhaps it is useful to put these thoughts in the perspective of
the broader research questions to be dealt with here. The primary
concern is the relation between the use of normative models, such as
risk analysis, and the organizational structure of firms. Conclusions
from research in management science generally emphasize that decision
making can be improved by using better normative models. Conclusions
from research in organizational behavior generally emphasize the need
to improve organizational structure. Although specialists in both
areas are seeking ways to achieve positive organizational change, the
interdependencies of these two approaches have not been made as

| explicit as they should be.

Perhaps the best illustration of this problem is the history of the
debates over the use of present value in preference to internal rate of
return (or one of its many variations). Arguments for and against
these basic normative models have been extensively covered in the

literature. Although present value is commonly considered to be most
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generally correct, only recently was it observed that the behavioral
implications of the approach do not justify its being used in every
situation. Organizational research has shown, however, that the choice
of financial criteria has little influence on the final decision [1, 2 and 3].
It has been shown that change must be created through the reward system,
but the effect of the financial ériteria on the reward system has been
ignored.

The relation between model building and organizational structure
needs to be explored because it is assumed that the scientific resources
furnished by both physical scientists and management scientists could
be made more effective if we knew more about this relationship. The
old saying that seven out of eighthours of an engineer's time are spent
on products that never reach the market may or may not be true, but
most observers would agree that improvements could be made in the
efficiency of the innovation process. This is, of course, a problem
in the allocation of limited resources. But what concerns us here are
the resources that are consumed during the innovation-evaluation
process, rather than the ranking of alternative investment projects
that periodically flow out of this process. This general problem lies
behind the attempt here to examine the effects of a risk analysis approach
in evaluating technical innovations in several large firms. The research
results with four firms are presented in detail in [14], Additional
discussions of the specifics of using subjective probability estirﬁates

in this project are reported in [15]. More recently, the field of research



has been expanded to include two separate divisions in each of two
corporations. Observations from these studies provide the basis for

discussing whether a risk analysis model should--or will--be used.

Should and Will Risk Analysis Models Be Used?

The usual arguments for using a risk analysis approach is that
a firm attempting to decide whether to make a major financial commit-
ment to a new product must consider and compare many alternatives,
and to do this properly there should be an assessment of risk rather
than the use of only single-point estimates. Although this philosophy
seems incontrovertible, there is no evidence of any great rush to accept
this theoretically better method. The reason, of course, is the impossibility
of demonstrating in practice that such a technique will lead to better de-
cisions or improved profits.

Others favoring this more formal approach argue that it will
give management more control over the complexities involved in investing
in major ipnovations. This has been variously phrased such as "putting
top management in the driver's seat," [6] or '"forcing meaningful
structure on informal reasoning," [4] or "preventing biasing of
estimates. " [22] These are, of course, even more nebulous reasons
for implementing such models, and certainly they run counter to the
recommended organizational behavior. Most behavidral scientists
would advocate more loosening of the organization rather than more
tightening., Such organizational recommendations seem to have the

best implementation record, so far as one can judge by the many firms



attempting to provide more freedom to various product centers with-
in their companies.

The basic problem with the arguments for introducing risk into
the investment analysis process, however, is what they imply for model
builders who wish to implement the models. The logical conclusion
from the argument that the many alternatives should be more completely
evaluated is that the models should be more analytically sophisticated.
This in turn has led to the development of some very powerful models
that allow a ‘great deal of flexibility in providing subjective probability
estimates and make it possible to handle estimates of complex interaction
terms,[21]

If the models are continually revised with the sole purpose of
improving the way in which financial results are presented, then they
are not likely to be useful in affecting the outcomes of decisions, since
the type of financial information they portray haF little influence on the
final decisions. Unfortunately, this means that they are going in the
wrong direction to achieve either implementation or the long-run goal
of improved decision making.

If we accept the argument that these models are ideally designed
to be tools for top management, the logical conclusion is that top
management must be persuaded of the power of the method, trained
in the method, and encouraged to make the model a standard operating
procedure. Top managers are extremely busy mén, however; and
even if they are convinced it is impossible for them to force the

effective use of the procedure in firms where it may meet with
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resentment or resistance. While it is true that such procedures will
not originate at the bottom and move up, it is equally true that they
will not originate from the top and move down.

If they are to be implemented in the firm, then top management
must show a sympathetic interest and middle managers an active interest
derived from their recognition of’ how the approach can help them
accomplish their responsibilities. The latter point is particularly
important in this discussion,which will attempt to show that a risk
analysis model can be useful in moving a technical innovation from the
prototype stage to the production sgage.

One of the major problems in this process is posed by the inter-
dependencies between the various persons in the analysis phase. A
typical, though oversimplified, illustration is provided by Figure 1.
Assume a new product has been developed by the R and D department,
has met the technical requirements as established by the firm, and
may be in the pilot-plant phase at evaluation, Someone, presumably
the sponsor of this product, decides that the next step is to develop
the financial justification for expanding the manufacturing facilities
to provide for full-scale marketing of the product.

The people in marketing are asked to prepare a formal sales
forecast of the product over the next several years of the planning
horizon. To do this, they formulate a pricing and marketing program.
Their estimates of annual unit sales are then submitted to a manu-

facturing engineering group which has the responsibility
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for developing requirements for the type and timing of capital invest-
ment, tooling, and the like, based on the particular sales forecast
that the group received. Recommendations on whether or not certain
parts should be made or bought are often part of this plan.

Altogether, the detailed estimates at this stage may take hundreds
of man hours before they are forwarded to the accounting people who
are responsible for forecasting unit labor costs, coordinating material
costs with purchasing, and estimating other fixed and semifixed costs.

All of these cost estimates are conditional on the production plan made
earlier. This information is then used to develop cost estimates per

unit for each year of the planning horizon. Depending upon the procedures
used in a particular firm, the accounting group may develop suggested
prices, using cost-plus, target rate of return, or other pricing alternatives,
which are submitted to the marketing group for review. A frequent
difficulty is that the computed prices may bear little resemblance to

the prices assumed by marketing when it prepared the sales forecast.

The question then arises whether or not the whole cycle will be repeated,
or whether marketing is willing to compromise and assume that the
suggested prices will have little effect on the sales forecast. Either
situation can create problems in the firm,

Admittedly this example is oversimplified and not typical of all
firms, but the t.rouble does occur often enough to create major problems and
feuds between the various departments involved. It is a common
source of frustration for an engineering project manager who wants to

see his new product introduced by the firm. The important point is



-12-

the close relation between the standard operating procedures used in
firms and the interdependence of units within firms,

It is now possible to consider more fully whether risk analysis
should be and will be used. It seems reasonable to assume that decisions
can be improved if a fairly complete set of alternatives are considered
and if the information that exists within the firm is more fully utilized.
These are the arguments usually cited for the use of risk analysis models
and they are valid ones. An important justification for the use of a
more formal model is that it can reduce some of the existing inter-
dependencies. This can be done with the model to be described. It was
one of the important consideraﬁons in its design and is an important
element in the implementation of all such models.

If the existing analysis procedures create a high degree of inter-
dependence, as illustrated in Figure 1, then it is almost impossible
to achieve effective implementation of the model through any decree
by top management. That is, if an attempt is made first of all to
persuade top management of all the control they will derive from it,
then the implementation is probably doomed from the start. If, however,
an arrangement is made in which top management has the approach
evaluated by the persons involved in the financial analysis of one or two
projects, then there is a much greater chance of achieving implementa-
tion,

This route to implementation is consistent with the advantage

to be gained from it, that is, the way it helps persons responsible for
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a decision on a specific project,showing them where they collectively
stand compared to where they want to go on the project. Thus, the
model is ideally designed for the management of information on the
project, It is not designed to be a control device by management.

One of the problems that have consistently plagued model building
and implementation in management science is that the applicability of
the model in a variety of organizational environments has not been
sufficiently tested. As a consequence models have been developed that
are theoretically complex but not practically useful. In many cases,
models are not even tested. A classic example is the theoretical model
developed by Wright [23] for investment decision making. After devoting
140 pages to the development of the model, Wright stated that his original
intentions were ''to test the conclusions empirically by observing a
group making a decision, ' but that the "process of group decision
making was so complex that it was impossible to isolate the variables
which were to have been analyzed. ' [23, p. 142]

Wright's dilemma is typical of the problem in developing risk
analysis models, In the first place, the idea that the model can be
tested by observing a group making a decision is not realistic because
decisions evolve in the course of time rather than being made in a
single setting, This is especially true of major investment decisions
involving innovations. The evolution of the decision process is dis-
cussed in detail by Aharoni [1], Bower [2] and Root [15]. Second,

as was mentioned earlier here, it is difficult to quantify the advantages
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of a model. Equally important are the various organizational settings
and problem situations that must be examined before evidence can be
produced that a particular model or approach is beneficial, This is
verified by the work of Lawrence and Lorsch [10 and 11].

Attempts to observe the use of risk analysis in a variety of firms
make it ‘clear that this approach is not really needed in all situations.
For example, in one of the firms, the working arrangements between
the groups did not raise major interdependency problems. The fact
that this was the smallest firm in the study indicates that below a certain
firm size the model is not really needed.

Even when the model is appropriate, departmental constraints
may prevent implementation from being easily achieved, if some
persons see it as a threat or intrusion into their normal operating
procedures. For example, some accounting analysts are steeped in
traditional accounting and unused to thinking in terms of uncertainty
and conditional estimates., If members of any one group involved in
the analysis process do not see advantages to themselves in using this
approach, they can in effect ensure that the procedure will not be used,
or at least not used effectively.

The net result of introducing these models as an operating tool
to various groups has been mixed. From complete rejection, the
implementation ranges to complete acceptance in one firm, which
uses it in almost all innovation decisions. The most common pattern

has been use on an infrequent basis. That is, firms rely on the model
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for major investment problems where the alternatives are numerous
and complex, but not for all investment decisions.

One of the most effective methods of introducing the risk analysis
model into the corporation has been that applied by CPC, International.
The steps then employed have been discussed by Stuenkel and Gillespie
[18]. Their recommendations include: (1) gaining complete knowledge
of the techniques and principles; (2) making fhe model‘easily accessible
to line managers; (3) achieving understanding and commitment by project
management; (4) explaining the process in depth to selected corporate
officers; and (5) decentralizing the model for division users, CPC,
International has found in-house training seminars to be the most
effective way to achieve understanding and implementation.

Some of the considerations that determine whether the model
should and can be used have been discussed, but to consider these
questions fully, we must understand more about the model, particularly
how the model has evolved over repeated uses in several years,

The original model was based on the work of Pessemier [13].

His model was extended by the author on the basis of a variety of
applications., As it is briefly described in the next section, this
version fulfills a more general purpose than the one currently used
in several of the firms participating in the research. Some of these
firms have developed custom-made versions that are specifically

designed for their own capital investment procedures.
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The Computer Simulation Model

This section provides a brief description of the model as it now
exists, to permit comparisons between other models with similar
objectives and to show the evolving nature of this model, It is important
to recdgnize that the purpose of the model is to help persons in evaluating
alternative marketing-manufacturing strategies and in establishing
priorities for information, We assume, therefore, that a decision
tree analysis precedes the estimation process. The discussion here
will be limited to the estimates that can be made for the evaluation of
a particular strategy resulting from preliminary discussions. The
assumption is that the alternative being evaluated is composed of a set
of estimates associated with a marketing plan, a manufacturing plan,
and a financialbplan.

Before discussing the specific estimates, it is helpful to under-
stand how the subjective probability estimates are obtained. The persons
involved in the analysis are asked to provide estimates of the tenth
percentile, expected value,and the ninetieth percentile of an assumed
lognormal distribution. This is shown graphically in Figure 2. Al-
though an alternative model is available, based on the triangular distribu-
tion, all of the firms have been encouraged to use the lognormal version.

The lognormal distribution is preferred because it minimizes
the number of estimates required by the persons involved. Only the
tenth and ninetieth percentile points are needed to completely define

the distribution. Since these are easily understood in terms of the
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problem (where a variance estimate would not be), estimators have no
particularv difficulty in providing the estimates. There is no evidence

that the estimates require appreciably more time than single-point
estimates, though they may if the estimator needs to make several
percentile estimates to describe a probability distribution more completely.

It should be pointed out that the estimate provided for the mean
may not be the same as that calculated from the percentiles. Many
times it is not clear if the single-point estimate is the median or mode
of the distribution. For this reason, the computed mean is always
printed as part of the output, so that it may be readily compared to the
estimated mean., Few discrepancies showed up between the two figures,
but when these occur they always need to be examined., For special
problems, it was found necessary to use a negative lognormal distribution,
but this rarely happened.

One of thg points often raised by model builders is whether or not
the computer model should derive a distribution that would fit the per-
centiles and the estimated mean. Computationally it is possible to do
this through the use of a subroutine. It frequently requires, however,
assumptions that are difficult to justify. One problem is that some
estimators cannot easily distinguish between the mean, mode, and
median in a distribution. Another very practical problem is that some
users want to provide what they call the ""best estimate. ' They know
it is different from the mean, but they consider it necessary for a variety

of political reasons.
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What must be recognized is that compromises are often necessary
in the model in order to suit the convenience of the user. There are
good reasons for opposing any procedure that requires the addition
of more than two estimates to what persons are already using., Providing
five or more estimates of percentiles would demand an undue amounj:
of time in the context of most problems. Consider, for example, the
estimate of unit sales. The typical project has three or four distinct
product types, at least two marketing strategies, and a planning horizon
of ten years. It will require estimates of sixty to eighty probability
distributions. Most market analysts are involved in several activities
or projects in the firm and therefore cannot devote as much time to
each estimate as either they or the model builder would like to have.

An even more important consideration is the context in which the
model is being used. The primary use of the model is to allow every-
one in the project to gain a feeling of the collective financial status of
the project and to be able to make rough comparisons of alternative
strategies, Each one is able to do this quickly, as the model is now
constituted. The model is to aid the project team, not to make servants
of it, Since i’nany factors will affect the final decision regarding the
status of the project as it moves through the firm, there is every
need to keep the estimation procedures from becoming unnecessarily

4

complicated.

The Marketing Plan

The model provides the flexibility to utilize estimates of the wide
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variety of product types that a firm may offer when it makes an invest-
ment in new facilities for a new product. In some cases, as in the

present example, a basic product may be offered in different sizes. *

Here the product line consists of a series of motors of different sizes

that range in horsepower ratings from 1 HP to 100 HP, In qther situations,
one product may be a basic hardware item such as a copying machine and
the other product the supplies, such as chemically treated paper, fhat
would be sold as a result of selling the machine. In this situation, the
planning horizons of the products may be different, and the product's

life cycle curves would generally be different.

After it has been determined what product categories will be
estimated, the next requirement is to develop one or more marketing
strategies. On the basis of the defined strategies, the unit sales are
estimated. The specific estimates available for the marketing plan
are shown in Table 1. One part of the computer output is the listing
of the estimafés and the computer means. These are shown in Table 2.

Several édditional items of output information are availabie for

the use of the marketing estimators. For example, Table 3 shows

4

o

* The examples used in this description are based on a case
prepared for classroom purpose by the author. The case is: 'Avon
Corporation: A Consultant's Computer Analysis of Pricing Strategy. '
(Boston: Intercollegiate Case Clearinghouse, ICH 3M39R). The
examples here represent a more recent version of the model than pro-
vided in this case. A more recent version of the case is being pre-
pared,

Wl
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TABLE 1

Marketing Strategy Estimates for New Product Analysis Model
for Each Product Type or Market Segment

10th Percentile Best 90th Percentile
Unit price X X X
Promotional expenditures ‘ X
Unit sales X X X

Marketing cost as a
percentage of sales X
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the total annual dollar sales for the combined seven products, the
average unit price (which is useful in obsérving the net effect 6f the
pricing plan), and the product mix. These data are summary statistics
from the 200 simulation passes of the program. Additional outputs which
are available to show the percentiles and expected values of the total
annual dollar sales and the cumulative dollar sales are illustrated in
Table 4. Although a plotting routine is possible in the program, the
output is usually shown only in tabular form.

It should be noted that the variances of the distributions, either
input or output are never directly stated. Although these were provided
in earlier versions of the program, they were noi: greatly useful to
estimators who were comparing alternative marketing plans.

One of the questions model builders often ask about marketing
estimates is whether or not more dependencies between unit prices and
unit sales should be built into the program. It is certainly reasonable
to expect that if the simulated price exceeded the expected value the
simulated unit sales should be below the expected value. An earlier
version of the program utilized a function to incorporate this relation-
ship. Although some marketing estimators used this feature in early
runs of the program, no one consistently relied on it. Most estimators
did not use it at all. The present version of the program does not
provide this option, because it was not believed to be useful to market-

ing estimators.
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An interesting problem is why this price-sales interdependency
was not considered necessary or useful. Part of the difficulty comes
from a lack of time. To require that an estimator explicitly consider
this relationéhip for the many estimates made in the course of analyzing
a complex new product program is simply asking too much. More
important, howe‘ver, is that estimators had considered the essential
elements of the price-volume relationship when they made their estimates.
They argued that once they defined a marketing strategy which is pre-
dominantly derived from a pricing curve they had captured the most
important elements of this relationship. The variance in the pricing
estimates was very small compared to the variance of the unit sales
estimates., Thus, estimators were willing to accept the small amount
of inconsistency in the relationship in order to gain the benefits of
reduced estimating time.

Another aspect of the estimates required in developing the
marketing plan is the lack of an explicit statement of how sales of
the new products will affect the sales of existing products. This product
interdependency issue has been discussed at length by Urban and is one
of the features of the SPRINTER model.[21] This factor is undoubtedly
important in many, although not all, new product programs. Really
the problem is how the estimators prefer to structﬁre this element
of the analysis., The approach in this computer model is to allow
estimators to state the effects directly, rather than through the use

of a mathematical function. One way of doing this is to assume that



-27-

one of the products being estimated represents existing products and
to place negative values on the unit prices. This would have the effect
of reducing sales revenues. Another approach is to make direct
estimates of the effects on profits, This can be entered as a negative
annual fixed cost if the new product line is expected to have an adverse
influence on the profits of existing products.

Anothef program option was available in earlier versions of the
program, the serial correlation function for the unit saleé. Most market-
ing estimators wquld agree that the growth rate of a new product presents
the most challenging aspect of the analysis. It was thought, therefore,
that a function which explicitly recognized the serial correlation in sales
would be a useful feature in analyzing the growth rate problem. The
program feature would adjust the mean of the distribution of annual
unit sales on the basis of cumulative simulated unit sales. Thus, if
the estimator believed that if sales in early years were below average
the sales in later years would consequently fall belpw average, he
could easily indicate this belief. Again, this feature was used only
to a limited extent and was removed from the present version of the
program. The greatest difficulty was that the feature had no corresponding
analogue in the vusual estimation procedures. Even théugh many market-
ing analysts agreed that it was a theoretical improvement, it was not
vie%aved as a practical improvement,

One last example will illustrate the evolutionary process that

the current model has undergone. In the original model, it was
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possible explicitly to consider different competitive environments for a
given marketing strategy. That is, the user céuld provide several sales
forecasts for the same marketing strategy and assign a conditional
probability estimate to each, The program would provide a financial
analysis for the different marketing environments ard then calculate

a weighted average for them all. This is, of course, the procedure
“used in computing the uncertainty branch of a decision tree.

Users preferred to concentrate on the results of each of the
individual competitive environments and essentially ignored the weighted
average results, an attitude that is consistent with the difficulties of
implementing the decision-tree approach., One of the problems with
this particular option was that estimators did not ofdinarily consider
the competitive environment in any explicit manner. The usual reason
for introducing it into the analysis was to answer a "what if,..' type
of question., It was simply easier in marketing estimation to show the
expected effects of competitive reactions by using the individual environ-
ments rather than the expected value of many environments. So long
as the basic goal of the analysis was to represent the current status
of the project rather than to present results that would be used for a
final decision, such an approach was actually more reasonable than
the decision~-tree method. For these reasons, the current program
does not offer the option to estimate conditional competitive environ-
ments.

What is important is that the model should always make it as

easy as possible for the estimator to structure the problem. The
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most useful way of doing this is to provide fléxibility in the program,

so that factors may be stated directly in accounting terms rather than
indirectly through the use of mathematical functions. Since the program
is intended to be used at several points during the evolutionary process

of moving from the R and D prototype to the construction of new facilities,
the model must be convenient and must show the important economic
factors. That is, the model is designed to be a useful tool in analysis

and not to indicate explicitly the ultimate decision.

The Manufacturing Plan

In connection with a given marketing plan, there may be one or
more manufacturing plans to be evaluated. The elements of the manu-
facturing plan, which are shown in Table 5, will be briefly discussed
here to show the flexibility that permits the structuring of many different
problem situations. The discussion will follow the procedure generally
used in cost estimation, that is, determining the investments required
in plant and equipment, the fixed and semifixed costs, and the variable
costs,

Capital Investment Plan, The capital investment requirements

are stated for each year of the planning horizon in terms of best
estimate and the tenth and ninetieth percentiles. The size and timing

of the capital investment are the critical items in determining the
annual capacity available for each product. The investment alternatives
most often evaluated are a large initial investment that will provide

adequate capacity during most of the planning period,compared with
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TABLE 5
MANUFACTURING STRATEGY ESTIMATES
FOR

NEW PRODUCT ANALYSIS MODEL

ESTIMATES '

FOR EACH YEAR OF THE 10th Percentile Best 9th Percentile
PLANNING HORIZON: h'

CAPITAL INVESTMENTS " X X X

FIXED MANUFAGTURING COSTS X X X
FOR EACH PRODUCT TYPE
FOR EACH YEAR:

CAPACITY LIMITATIONS X

FOR EACH PRODUCT TYPE FOR

APPROPRIATE VOLUME:

UNIT VARIABLE COST X X X
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a smaller initial investment that will be expanded at least once during
the project planning period.

The investment plan is one of the most critical elements of the
total analysis because of the many ways in which it affects other aspects
of the analysis. This i/s the point where a great deal of cooperation is
required to reconcile the engineering and marketing estimates. For
example, will the capacity provided be designed to match the ninetieth
percentile unit sales estimates or be based on the best estimates? Are
there logical incremental investment steps that affect the capacity? If
so, the marketing estimators need to know what they are in order to
develop realistic marketing plans.

Unfortunately, the usual approach is to develop the manufacturing
plan on the basis of a sales forecast consisting of annual singlé-point
unit sales estimates. Some manufacturing engineers view their job as
finding the best investment plan for a given sales forecast, even though
they are generally critical of the validity of the forecast. Their
recognition of the importance of developing and presenting alternative
investment plans would be a valuable a’id to marketing planners.

In addition to the capital investment estimates, the annual fixed
costs are usually required for a complete determination of the capacity
needed by product and by year. These costs, which would cover tooling,
rearrangement, and the like, are also stated with uncertainty estimates.

A valuable part of the computer analysis in coordinating the

marketing and investment plans is information about the effects of
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capacity limitations. At the end of the 200 simulations, the average V
annual "lost sales'' are calculated for each product, both in units and
dollars, These are calculated as the difference between simulated sales
and capacity for each simulation run (see Table 6). Capacity limitations
are an optimal feature of the program.

Manufacturing Cost Estimates. The computer model is flexible

enough to handle the variety of accounting methods and analysis situations
required for estimating costs associated with a new product investment
proposal. The three broad categories that are available are annual
fixed costs, cost as a percentage of sales for overhead allocations,
and unit variable costs. These categories may not always suffice for
the rigorous classifications needed in accounting, but they generally
provide the flexibility needed for structuring the problem situation,
The fixed manufacturing costs for a given strategy are stated
in terms of a best estimate and the tenth and ninetieth percentiles.
These generally include tooling costs, any plant rearrangement costs,
and so on. Depreciation is not included in these estimates because
of cash flow calculations. Other annual fixed costs, depreciation,
and cost as a percentage of sales are discussed under the financial
plan.

Unit Variable Costs, Such items as material and labor costs

are generally estimated on a per unit basis because they are variable
costs. Usually, however, there will be different levels of these costs
for different levels of capacity because of cost breaks on material

purchases, different tooling rates, experience curve effects, and
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other circumstances. Thus, the program accepts estimates of these
variable costs by product type and by volume range, as shown in Table
7. To ensure the conditional nature of unit costs, the program first
selects a simulated unit volume for a product; then a sample is drawn
bfrom the appropriate cost-volume break.

It should be emphasized that the cost-volume breaks are assumed
to be applicable over several years of the planning horizon. That is,
the costs are conditional upon a given manufacturing plan and a given
annual sales volume. This is a quite different approach from that used
by most accounting departments when they develop a unit cost for each
year,

To handle manufacturing plans involving a plant expansion that
will change the cost-volume relationships during the time horizon,

a cost control vector is provided. Thus, it is possible to show one
set of cost-volume breaks for the first six years of the project, for
example, and a different cost-volume relationship in the remaining
six years of the project in evaluating the effects of a plant expansion.

An option is also provided under which the experience curve, or
learning curve, may be incorporated into the simulation. If this
option is used, the program uses cumulative unit sales for the
determination of the appropriate cost distribution. The reason for
the number of alternatives available for cost estimation lies in the
methods of treating costs. In this reas, more than any other, the

program has been changed to provide maximum flexibility.
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To aid i;; the evaluation of a particular manufacturing plan, a
. e‘\ .

summary of information is prepared, as shown in Table 8. This is
useful in determining the average in unit variable costs across all

products and showing the relationship between manufacturing fixed

costs and other cost components.

The Financial Plan

After the marketing and manufacturing plans have been formulated,
additional financial estimates are needed to determine the economic
effects that the proposed venture may have on the firm, Just as there
are numerous combinations of marketing-manufacturing strategies
that might be evaluated, numerous considerations will influence the
financial plan for a proposal. One of the obvious questions is what
‘criteria should be developed. Although many articles in academic
journals have attempted to prove the superiority of present value over
ROI, the fact is that most firms want to see both measures. They also
want to see many other measures, such as annual cash flows, annual
profits, and profits as a percentage of sales. Since all of these
measures are Aeasily calculated, there is no problem in providing all
of these data in various formats.

The situation that creates more concern with the financial
estimates required for an analysis is the need to provide results for
several management levels., Most commonly the need is to show how
the project will look to a division of a corporation as well as how it

will appear as a corporate investment. For example, it is usually
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necessary to prépare a “cliivbisional analyys‘i‘s: which uses straight-line
depreciation, no .taxes, and no terminal y’éaf project caéh flovvs '

This approach shows how the ‘pfoj(_e‘ct will ‘affec't the division's
statements, It is then also necessafy t§ show how the project will
look when it is reviewed by corporate mané.gement, when éccelerated
depreciation is used, when federal taxes are included, "a1\1d when future
earnings beyond the planning horizon are included. Iﬁ addition to these
variations, it is necessary to provide flexibility to show the influence
of such variable;s as full costing rather than incremental costing, and
so on. Because of the variety of situations that are usually considered
during the analysis process, there are exteﬁsive financial estimates
available, as shown in Table 9., |

Cost Estimates for the Financial Plan, The three cost categories

most often used by the persons coordinating the financial analysis are
depreciation, other fixed costs, and costs as a percéntage of sales.
The depreciation estimates are conditional on the capital investment
schedule and are entered as single-point estimate S. There is a routine
in the‘ compufer model which adjusts the depreciati.oh on the basis of
the uncertainty reflected in the investment estimates. Although some
of the companiés u.sing the model have their own subroutines for
Calculating depreciation’, this is not a feature of the gehéra1~purpose
model discus‘sed"here. S |

| ‘Other annual fixed costs, which usuaily include ad.ditional R and

D expenditures among other things, are entered as a best estimate
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TABLE 9
'FINANCIAL PLAN ESTIMATES
FOR THE

NEW PRODUCT ANALYSIS MODEL

DEPRECIATION SCHEDULE

OTHER ANNUAL FIXED COSTS

COST AS A PERCENT OF SALES - BY PRODUCT BY YEAR

WORKING CAPITAL REQUIREMENTS
(As Percent of Sales or Percents of Costs of Goods Sold-
by Year)

TERMINAL YEAR OPTION

TAX RATE

DISCOUNT RATE FOR PRESENT VALUE

RETURN ON INVESTMENT CALCULATION OPTION
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' and with tenth and ninetieth percentiles, The cost as a percentage of

: s‘ales‘s is entered by product line by year. In many analysis situations,
thé dollar expenditures are estimated for each of tﬁe first few years,
and the cost as a percentage of sales is low for these years. in those
instances the normal overhead rate is used in the last few years to cover
R and D, selling expense, and so on,

Other Financial Estimates. The investment in working capital--

cash, net receivables, inventories--is calculated in the program by
using the estimates of working capital either as a percentage of sales
or a percentage of cost of goods sold. These estimates are provided
for each year at the planning horizon and are computed on an incremental
basis.
It is also necessary to show how the“‘cash flows of the terminal
year of the project are to be treated. The»a‘ options usually used are to assume
that the investment in working capital will bé returned to the project
and that the book value of the capital investment‘will be returned as
some percentage of the actual book value. An option is available to
estimate the future worth of the project by using a multiple of earnings,
Options are usually chosen according to whether the results are being
presented to a corporate financial committee or to divisional management.
The estimates of tax rate and discount rate are standard for
.these types of models, It should be observed, however, that the dis-
count rate is viewed as an opportunity cost raté, which is‘quite a
different interpretation thanthe cost of capital bfteh discussed in

. financial literature.
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Five different options are available for computing the return on
investment. The procedure most often used is the method proposed
by Teichroew, Robichek and Montalbano.[19] Both the ROI and the =
present value figures are viewed as useful summary figures, rather
than being adyance‘d as the only or even the most important criteria
for evaluating the project.

Financial Summary Information., The type of financial summary

information that is available from the computer model is listed in Table
10. The model is designed to develop annual cash flows, and all other
factors are derived from this proceduré. It was found necessary to
provide the information in a variety of formats., For example, the
cash flow analysis is portrayed in tabular form, as shown in Table 11,
for each year and cumulatively by percentiles and average. The profit
information is summarized in a similar form, as shown in Table 12,
Options are available for plotting this information as part of the output.
A summary of important financial criteria is also shown in Table
13. Here the average profits, cash flows, and profit as a percentage
of sales are summarized. In addition, the present values and the
rate of return are portrayed by selected percentiles by averages.
The frequency distributions for present value and rate of return are
also available, as shown in Table 14,
At the bottom of the frequency distribution for the present value
outcomes (Table 14) there is an item labeled "Risk = .,175.'" This is

the proportion of the 200 simulations that have a negative present



e

TABLE 10
FINANCIAL SUMMARY INFORMATION AVAILABLE
FROM

_NEW PRODUCT ANALYSIS MODEL

TYPE PROBABILITY
E— ANALYSIS
PROFIT CONTRIBUTION BY PRODUCT TYPE ‘
FINANCIAL SUMMARY--BEST ESTIMATES ONLY
DOLLAR SALES BY PRODUCT
SALES LOST DUE TO CAPACITY SHORTAGE
VALUE OF UNUTILIZED CAPACITY
ANNUAL PROFIT AS % OF SALES
ANNUAL DOLLAR SALES YES
ANNUAL PROFITS | YES
ANNUAL CASH FLOWS _ YES
CUMULATIVE DOLLAR SALES YES
CUMULATIVE PROFITS YES
CUMULATIVE CASH FLOWS YES
RETURN ON INVESTMENT YES
PRESENT VALUE YES

SENSITIVITY ANAL YSIS
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value. This figure of 17,5 per cent is, of course, the same as the
percentage of the rate-of-return calculations that fall below the
opportunity cost of capital. The reason for labeling this figure "risk"
is that it is the most widely used single measure of the effects of uncertainty
in evaluating alternative strategies. To analysts this measure, which
represents the chances of falling below a goal rate, is of more value
than variance or other measures often associated with risk., Results
shown by Aharoni [2] in his study of the analysis of foreign investments
accord with this observation,

The financial information discussed thus far has portrayed the
summary probability distribution data. This, however, is not the
first information that the analysis participants want to examine. The
first data to be examined are the results of the run using only the best
estimates for each of the variables. The financial summary thus derived
(Tables 15 and 16) becomes the control information for comparing the
results of the strategy with the usual accounting procedures. A detailed
profit contribution is computer for each product (Table 15), and the
financial summary for all products is developed (Table 16), Any model
that does not provide this type of information for comparison with the
accounting records is not likely to be implemented.

An additional feature of this program that is often used is the
sensitivity analysis, an option that allows the analyst running the
simulation to remove the uncertainty about selected variables, For

example, it is possible to determine the effects of uncertainty in only
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the marketing estimates by deleting the uncertainty in the manufacturing
costs and other costs. This is done by a program option in which only
the best estimates are used on the costs. Sensitivity analysis of this
kind is useful in determining the value and priority of .seeking additional

information to reduce the uncertainty surrounding certain estimates.

The Computer Analysis Cost

One of the important considerations in the use of a model of this
type is the cost of running the computer program, The computer program,
written in FORTRAN IV, was originally developéd for the IBM 7094.
Since then it has been adopted for a variety of computers ranging frém
the IBM 360-40 to the IBM 360-67 used at the University of Michigan,
The computer cost, on the larger machines, runs from $2.00 to $25.00
per run depending on the number of products estimated and the type
of output needed. In the early stages of the analysis, when only summary
information is needed, and for the typical run of three or four products,

the cost is about $5. 00 per run.

Conclusions
To date the investigation into the application of a risk analysis
model has shown that the model can be valuable to persons concerned
with moving their product innovation through the firm to the point
where approval is obtained for investment in new facilities. To achieve
these benefits, the model must be oriented to a user. This may mean

sacrificing some features that would be nice to have because they are
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more theoretically advanced but are not needed--at least in early stages

of model building and implementation. Implementation, as it has been
used in this report, means that the use of the model can change the
behavior of participants in the analysis process. This is quite different
from simply showing that persons are able to make the necessary estimates
of important variables of the model.

Whether or not procedural methods such as the computer model
described in this report will ever improve the decisions that a firm
makes about new products is simply not known. The question is rather
like asking whether advertising improves profits. In both instances,
satisfactory answers would be extremely important to management but
they can never be furnished., The position taken in this paper is that
there are valid reasons for using a risk analysis approach.A If decisions
about investing in innovations can be improved by allowing more
opportunities to propose and evaluate important alternatives and
incorporating all of the available information, then the use of this
type of model is worthwhile. These benefits were observed in the
analysis,

Regardless of the tasks defined by higher management for the
analysis group, the participants in the analysis play a vital role in
the development of new products. If the group's assigned or perceived
role is to develop a single alternative to be presented to the higher
managers of a firm, then the approach used to develop that alternative

is crucial. If the function of the analysis group is to present several
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alternatives, then a thorough job of analysis remains a central necessity.
A tightly structured analysis procedure under which participants are
discouraged from raising the many exploratory questions that are
requisite for developing alternatives could result in more harm than

good. Implementation of models such as the computer simulation program
can be recommended because of its advantages either to top manégers

of a firm or to the participants of the analysis group. The observations

of this study suggest that justifications for implementation be based on

the benefits that can be obtained for the analysis group. Benefits to
higher management and to the firm should accrue as a result of this

use.
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