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ABSTRACT

A major problem in the develepment of ccrporate planning models is the
determination of structural relationships which quantitatively relate planning
decisions to measures of future organizatienal performance. In a large number of
contemporary planning mcdels, thesevreldtionships are estimated by conducting
statistical analyses on data obtained from the firm's accounting information sYétem,

The intent in this paper is to illustrate scme problems which can arise in using such
aﬁ approach and to propcse some alternative model-building methedolcgies., Methedolcgies
are developed for situaticns where the underlying causal associations betVeen decisions

and performance measures are known, in which case time series analysis techniques can

‘be utilized to estimate the desired structural relationships., In addition, methcdol-

6gieé are developed for situations in which the underlying causal associations are
unknown, For these cases structural decompcsition techniques and analyses of data
obtained from special-purpose information systems can be utilized to make inferences

on thase relationships which are of interest. The techniques are applied to operations

cost analysis and revenue forecasting to iLlusnrate'the underlying concepts.

BACKGROUND FOR THIS PAPER

This paper is based upcn remarks delivered at the_12th American Meeting of
the Iastitute of Msnagemenc Science, Detroit,Michigan, Oétober.lp 197i. The research
was undgrtaken ip ccnf;ncticn with an informal research program on organizaciongl
planning within the Graduate School of Business Administration at the Universit} of

Mtﬁhigan.
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The utili;atian of models in the cerporate planning process is the subject
of much‘cﬁrrent'discussion and activity. From a recent survey, Gershevski (5)
conzluded that one hunared corpcrate models were in various stages of development
in late 1969, >[n the past two years, this effort has been significantly expanded--
planning models are currently beiag developed by a large number cf banking, utility,
and manufacturing firms of varying sizes sad characteristics,

A simplified ccnceptualization 1llustrating the basic cﬁmponents of a
typical corporate pianning medel is presented in Figure 1. Associated with this
concept are several mcdel design questions * notably:

1. Should the model develop an "optimal" set of planning deciéions or

instead evaluate alternate planning decisions?

2. Shbuld the model be deterministic or probabilistic?

3. what level of detail (in terms of crganizational ané functional activity)

should be incorﬁoraéed into the medel?

4. How should the model relate the planaing inputs to varicus measures

of future corporate performsnce (planaing outputs)?

This paper will consider the fourth guesticn in some detail. The major
premize 2dvancel  here is that the statistical techniques for resolving this issue
which have been eméedded in a large number of contemporary models can :esult in
inadequate and misleading relaticaships. Conseguently the intent in this paper is to
illustrate scme prozems arising from the use of these contemporary approaches and td

propose some alternative model-biilding methodologies.

*The reader is referred to Gershevsk1 (4) or Barkdoll (3) for a more complete
discussion of these questions. :

-1-
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The traditional statistical approach to this problem can best be summarized
1/ |
by quoting from Gershevski™:

An (input-output) diagram provided a broad conceptual framework
which showed how the various functions of the company were interrelated
and how key variables affected performance with each area. In this
manner we devised a complete set of simple algebraic equations to
project and consolidate all costs and revenues,.. -In our case, multiple
regression analysis proved to be very useful in producing equations:
which produce accurate forecasts, It involved finding the correct
independent variables and adding them to existing equations to form

. more complex and accurate ones.

This utilization of multivariate statistical metho&s (notably multiple
regression) in developing input-output relations for planning models has significantly
influenced the process of model development in a large number of corporations.
Indeed, many planning model computer "packages'" currently offered by computer soft-
ware firms include statistical analysis subroutines to' aid in the development of
input-output relations, leading to what the promoters call "instant models."

To illustrate some of the problems with these statistical model-building
techniques,typical model relationships will be developed from an actual set of
' corporate accounting data. These data, presented in Table 1, consist of information
. (slightly disguised) taken from the accounting records of a large, NYSE-listed two-
product company operating in the midwestern United States.

Two separate situations will be considered:

1. Model building when the underlying cause-effect relationships

between inputs and outputs are understood (well-structured
situations).

2. Model building when the underlying cause-effect relationships'“"

between input and outputs are not understood or are only partly

understood (ill-structured situations)

1/ Gershevski (4), pp. 65-66. ‘
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MODEL BUILDING IN WELL-STRUCTURED SITUATIONS

The first situation prevails in a large number of input-output relationships,
notably those involving cost analysis. For inétance,'it is genefally true that operati
costs jncrease because of increased volume of production. The objective in modeling
this relationship then becomes one of determining the extent qf these increases.,

One way of developing these relationships for our sample company is to
postulate a general model:

Operations = f (Production Volume Product 1, Production Volume Product 2)
Cost .

Although the form of the cost-volume functional relationships faced by a
firm is the subject of much debate in economics, Y managerial economists typically
assume that the relationship is épproximately linear with fixed and va;iable cost
components. When the parameters of this linear relationship are estimated using
least-squares regression on the data of Table 1, the following relation is obtained.*

0C, = 4.489 - .686 V1, + 1.203 V2¢
(1.192) (.296) (.153)
where

OCt is the ﬁotai operating cost for,ﬁhe firm in period t(mffribﬁs: of dollars

V1, is the produétion volume forlprdduct 1 in period t (in 10,000)

V2¢ is the production volume‘for product 2 in period t (in 10,000)

All coefficients in thé estimated relation are statistically significant at
the .05 lével. Moreover, the coefficient of determination (Rz) is .989, indicating
that élmost 99% of tge variation in historical costs can be explained b& the estimated
linear relationéhip.

| However, eveﬁ.though this relationship demonstratés a high degree of statistic
precision, its utilization in a plannning model is extremely questionable (even if the

modeler is willing to assume that trends in the historical data are likely to prevail

- in future periods). This is because of the negative variable cost coefficient for

2/ See, for instance, Johnston (6).

* Standard errors of the estimated parameters are shown in parenthesis.
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Product 1. If the modeled relationship is used to project the effect of changes in
volume on costs, the conclusion one draws is that increases in the production of
Product 1 reduce the firm's operating costs @t least over the regions of historical
output). In reality, such a relationship is absurd for the product under consideration
Instead the misinterpretationfariéesf when regression coefficients based ~ on observa-
tional data are utilized to assess the magnitude of a causal relationship. The,
- dangers of this common misinterpretation of a statistical relaticnship are nicely
Cenoin:.3/ |
summarized by Ackoff and Sasieni:~
Usually we are interested in what happens to one variable if we.
succeed in controlling the other, and for this we require a causal
relationship. Unfortunately the existence of a linear (regression)
relationship tells us nothing about causality, If we can rule out

the possibility of a non-linear relationship and obtain a correlation

coefficient near zero, we can be fairly sure that no causal relation-

ship exists, but the converse is not true,

These difficulties in determining the magnitude of causation from aggregate
cost data suggest that decomposing operating costs into additive components and
deriving relationships for these components individually should improve the modeling
effort. Since wage and salary costs form one component of operating costs, we shall
now examine these costs in greater detail.

One attempt to model public utility wage and salary costs from historical
accounting data is provided by Wrobleski & Achtenberg (8). Here the model is developed
by regressing wage and salary costs on total electric power generation, plant invest=
ment, and the number of employees. Even though this model has high predictive pcwer
(as measured by the statistical goodness of fit), it is still impossible to use this

model to assess the effects on wage and salary expenses of changing operating and

investment policies.,

3/ Ackoff & Sasieni (1), pp. 386-87..

Y .
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To accomplish this assessment, an exceptionally simple "explanatory" model
can be created which exactly incorporates the underlying causal relationships between
wage and salary expenditures and the aumber cf employees in the firm: WSy = F¢ + WtNt*

where: WS¢ = wﬂge/salary expenses in period t (milllons of dollars)

» t
.,

! s Fe Fixed employee expenses in period t

th= Average varizble wage rate per employee in.period t

Nt = Number of amployeea in pericd t '

Since this model is linear in the number of emplofees3 it is natufal to use
linear regression to estimate Ft aad W, from the historical data of Table I. Such
a procedure yields F¢ = ~16q206 and W = ,0236, with a correlation coefficient of ,963,

in this situation the statistical model provides reasonébly good predictive
powér'within'the historical wage rate and émplcyment levels. Still, it i; unlikely
thét future wage rates and employment levels will fall within these ranges , and
since tﬁe regression mcdel estimates coefficients on the basis of;these historical
gveréges it is llkély to unde?forecaét future wage and salary expenditufes°

An alternative which avoids this problem is to forecast éverage wagés per
employee directly, taking intec account the nonlinearities in thls series. For
example, suppose that fixed wage/salary expenses are assumed to be negliglble and - that
the following scheme is used to project average annual wage and salary expenditures:

1. Eliminate any potential (linearj trend by taking first differences

in the historical series of average wages per emplcyee,
2, Forecast the first differences one year ahead by using a simple
three-ye;f moving average.
(3) Reconstruct the time series to develop a ohewyear wage and salary

expenditure forecast,

*A more sophisticated model could further disaggregate wage and salary
expenditures into costs for each employee class,
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The results of this procedure arc shown in Table 2, where these forecasts

are compared with the actual expeanditures aad the forecast expenditures derived

-
~

by using the regression model discussed earlier, These results are then plotted in

Figure 2, From these two figures it is apparent that the intrinsic time-series

-

forecasting procedure>i5 substantially more accurate than the regfession procedure
over the range of the historical data.*

Another alternative in forecasting average wage per émployee values 1is to
.develop projections based upen the anticipated results of labor negotiations or
employee ccmpensation policies. When major changes have occurrédvin these factors
it is clear that historical values should be adjusted to reflect this additicnal
information. The point inposing this alternative, of cowse, is that subjgctive
techniques may be superior to more sophisticated quantitative methodologies in

those cases where historical situations are unlikely to prevail in the future,

MODEL BUILDING IN TLL-STRUCTURED SITUATIONS

In an exceptionally large number of situations the_undeflying cause-effect
relationships between corporate inputs and outputs are at best poorly understood.
Cohsider, for instance, the relation between sales revenves and various promoticnal
and pricing pclicies,

Here agaia cne apprcach to the development of this relationship is to
develop statistical models from the historical acéountingdata in Table 1.

Consider, fcr example, a medel which projects tie sales reveaue from
Product 1 as a function of promotional expenditures on thz product. A linear
regression medel based upon the ielevant historical data yrelds:

Rl, =97 + 22.1 PR1,
(.64) (.54)

* The fact that the intrinsic procedure minimizs the forecast error for
‘historical values dces not indicate that.this procedure wull be superior for future
values, However, the capability of the technique to rapidly adApt'to chianges in
the series while "smcotnlng" short-term (high-frequeacy) variations should provide
accurate shcrte-range torecast values,



Table 2. Comparisons of Edrecaéting Proceduras: wagé

st yes o

'& Salary Expenditures

1971

12.09

(millions) L
O —— N N
Forecast 1 Forecast 2
Year Actual (Regression on (Usiaz moving
: number of employees) averag: technique)
1961 | 6.51 7.55 6.61-
1962 | 6.75 7.24 6.76
1963 6.91 6.84 6.91
1964 7.14 . 6.81 7.17
1965 7.47 6.86 7.44
1966 7.99 7.40 7.9
1967 ' 8,65 8.63 8.72
1968 19,34 9.44 925
1969 110.08 10.34 110,01
1970 10.88 11.33 10.80
12.80 11.58

Forecast 2 -

Compute average annual wage per employee
Take first differences
Forecast first differences using 3 period
moving average
Reconstruct series to forecast annual wage
and salary expenditures
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whére 'l"th = Sales revenue for Product 1 in year t (ﬁi}}iqns o£ dol1ars)

Pth = Promotional Expenditures for Product 1 in year t (Millions of dollars)
~ An erroneous assessment of this model* would lead one to conclude that fhe @arginal_
revenue éeneréted by promotional expenditure is 22,1_§ver the rangé.of'ﬁistorical
operations, éince this is implagsiglé, ihe analyst might attempt to develop a more
sophigticated model whiéh sepérates sales volume variations from sales price
vériations° A linear regressioh mddei for this situation yields:

13.06 -.076 P1, + 12,53 PRl .

V]'t =
(1.6) (.008) (,36)
where Pl, = Price of Product 1 in year t (dollars)

and the.othér variables are defined as in thg earlier examples; The coefficiént of
ﬁultiple correlation in this ;ase is agéin exceptionally high (.999).

One further example can be deveioped by adding an exogenous variable to aid
in the explanation of sales volume., In this company, for instance; management might
assume that diéposable pérsonal income haé a pﬁsitivg influence c.)n.demand° The
résulting linear model (with coefficieﬁts éstimated by least squares regression)
is given byg

Vi = 15,96 =,081 PL_ + .70PRLt + ,0243¢
(.91) (.004) (2.14) (.004) LTy

. where J. = disposibleApérsonal income in?ﬁeriod t (billions of dolig;s)

~ Here the coefficient of multiple CO;relation is increasealgo a @hénomenal
.9999. Moreover, the' coefficient of promdtional expenditure is ﬁ;t signigicaﬁqu
different from zero, indicating that there'is>n;”margina1 Tevenue generated b;hipcreASed
promotional expehditu;es.over tﬁé range of histérical operations. |

_-The ﬁfoblem with all three of these statistical models is that, regardiess

of the goodness of fit, the models cannot be used to assess the effects of changes in

*The coefficient of correlation here is exceptionallyhigh (.997), indicating
that this model fits the data with high precision.
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the independent (éontrbllable) variables, Thus, although the models may be very

dseful in predicfing future sales volumes. (based upon predictions of future values

- of the independent variables), they are of absolutely no use in projecting the effects

of changes in promotional and pricing strategies,
.. The following quotation from de Neufville (7) supports this point and the
earlier observations of Ackoff:

The statistical closeness of an equation to a set of observational
data on a system is not a sufficient test of its validity. In fact,
statistical correlation by itself may not even be a good guide to the
choice of a systems model.,... Indeed, an example can be reputed to fit

" existing data quite clcsely even though it is actually quite opposite
to the valid causal model. C
To conclude this discussion it is interesting to note that an "exact"
causal relationship between sales revenues and promotional expenditures exists for
these data:
PRt = .05 Rli.g

That is, corporate budgetary policy séts promotional expenditure at 5 per cent of .

* previous years' sales, a completely opposite causal hypothesis from that pro osed
P Y P

(and supported) b§ the earlier statistical models.

The question remaining of course, is how the planning analyst can develop ..

causal relationships which are useful in evaluating alternative strategies, One

alternative is to poétulate such relationships directly through deductive reasoning.
fhe classical S-shaped function relating sales response to advertising expenditure
ptovides one simplified example of this procedure. The major ﬁroblem with this
analytical procedure is that the form and magnitude of relatioqships are exception-
ally difficult to assess in é.direct fashion,

One excéptionally useful approach to this assessment is to decqmpose the
rélafionship of interest into a sequeucé of 1interrelated causalevents.,
This approach is usefull& i1lustrated by developing a "causal" chain relating
advertising expenditures to future sales voiumes. A sample resulting chain is

conceptually {llustrated in Figure 3. The advantages of this approach are twofold:
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1. The causal chain idEntifies’the sequeatial changes which must occur
E before promoticnal expenditure can influence purchase behavioro
2. The chain idehtifies the influeﬁce of uncontrollable (confounding)

v;riables on this behavioral process.,

. Within the overall chain, various submodels and experimental techniques can be
ptilized:té-quaﬁtify the extent of the intermediate relaticnshipsa For instance, one
can‘conceive'a well-designed experiment tc determine how the selection of media mix
.affects audience exposure to a promotional campaign. Alternatively, special purpose
market informatioﬁ systems éan be utilized to monitor the extent of changeé in
customer exposure and behavior as the result of a change in promotional policy. In
the event that positive relationships are detected, the results of these various
efforts contribute to the development of an overall prbmoti&nal effectivgﬁess model.
On the other'hand, the failure to detect intermédiate relaticnships prov{des an
indication that subsequent effects of thefprcmotignal sgrétegy are nonexistent and

consequently that the strategy should be revaluated. ' '

S‘UIVM‘ARY AND_IMPLICATION
| The primary intent in this paper has bee; to illustrate some problems which
-a£ise when statis;ical techniques are used.to make inferences on causal relationships
iﬁ corperate planhing modélsav The point raised here is not new; for years statisti-
cians have pcinted out thebproblems in inferring cause and effect from observaticnsal
' data, Still, Eﬁe use of such procedures has recently been promoﬁed in a wide
variety of cbrporéte blanning Situations° -

The major alternative prcposed in this paper is to decompose the relation-
ship of interest into a series of additive or sequential relationships. Variocus
strategies are then available to develop these intérmediate relationships in both
'well-étructured and ill-structured situat?onsa

One advantage of these strategies is that they avcid the erroneous causal

inferences which can be drawn from statistical models. A more fundamental advaatage
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~is that they encourage increased understanding of the underlying input-output relation-~

- ships which characterize an organization, That is, the emphasis is on the process of

modeling rather than on the results of modeling,

The iﬁportance of this process-oriented view of corporate modeling cannot
be overemphasized. In an age of rapidly changing organizational and eructural
relationships within the firm,vit is likely thatithé insights obtained during the
dgvelopment of planning models may become the biggest of all the "payoffs" from the
&e%elopmental effort, if‘this is true,'those in the management science profession
must learn to improve the quality and implementation of these insights, rather than

concentrating on the development of more sophisticated "instant models." As Ackoff

(2) has thoughtfully observed, "The principal contribution of scientists to planning

may not lie in the develbpment and use of relevant techniques, but rather in their
systemization and organization of the planning process, and in the increased aware-

ness and evaluaticn of this process that their presence produces.”
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