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DISSERTATION

PROFIT MAXIMIZING INFORMATION FROM

COMPARATIVE OPERATING DATA

One of the goals of marketing managers is profit
maximization. In decision making, a key need of managers
is for profit maximizing information. Yet, comparative
operating data, a major source of information external
to the firm, is customarily averaged. Few maximizing
techniques have been used.

The purpose of this study is to extract profit
maximizing information from comparative data and develop
this information into a predictive model that can be used
to provide information to the marketing manager of the
following nature:

a. The firm's relative position in a group of
similar firms.

b. Specific information for developing
goals to attain higher profit levels.

c. Number of variables limited to manageable
proportions.

d. An indication of steps necessary in the firm's
operations to reach profit goals.

e. A delineation of the significance and priorities
of these steps to reach profit goals.

f. Provision of a standard'! numerical value that
measures management's progress toward desired
goals at each accounting period.

To determine whether comparative operating data are
sufficiently important in the decision theory of marketing
management to merit this type of study, a review of litera-
ture on both decision theory and comparative data was made.
The literature illustrates well comparative operating data's
need and use. Additionally, a survey of selected businesses

!Phe word "standard" is used here to indicate that
numerical values of one firm can be compared to those of
another.



unanimously supported the need for good comparative data.
The survey further showed that firms have a working know-
ledge of comparative data, but its use is restricted because
of lack of information.

To extract profit maximizing information from the
comparative operating data and structure this information
into a reliable predictive model, the following hypotheses
were proposed:

a. That comparative operating data for highly
profitable firms differ significantly from
comparative operating data for less profitable
firms.

b. That some items of comparative operating data
can be identified as being of significantly
greater value in determining the firm's degree
of profitability than other items.

c. That comparative operating data models will
reliably predict the profitability of firms
other than those firms from which the model
was created.

Support for these hypotheses was accomplished by
using the operating statements of 451 wholesale automotive
parts firms. All calculations were at a level of signi-
ficance of .05 or higher. Additionally, support for (a)
and (b) above was accomplished by using balance sheet
data converted to financial ratios for forty firms.
Balance sheets were not available from sufficient firms
for support of (c), but the significance of this support
with operating statement data was deemed satisfactory.

Management applications of the models to individual
firms illustrate that the goals of this study defined above
have been reasonably attained.

The statistical methodology employed, both for
extracting maximizing information and for structuring the
predictive models, was a multivariate analysis--multiple
discriminant analysis and factor analysis.

The predictive models established in this study
constitute management guidance only from one external area
of information--comparative financial operating data.
Future analyses and models of this nature are needed for
marketing management guidance on other predictor
variables internal to the firm, and on economic, geo-
graphic, sociographic, and psychographic variables.

xiii




PROFIT MAXIMIZING INFORMATION FROM

COMPARATIVE OPERATING DATA
CHAPTER I
INTRODUCTION

Marketing management decisions are influenced by
a broad spectrum of facts about the operations of the
firm, the environment of the business organization,
the people within the organization, the firm's customers,
and the complex interrelationships of all of these
variables. Ideally, the marketing manager would like
to use a model of these complex interrelationships
such that he could experimentally manipulate the model
rather than use the firm's operations to test his ideas.
This provides experimentation at lower éost and much
lower risk.'!

The multifarious array of interrelationships among
the variables existing in a complex marketing system

cannot be meaningfully studied as a totality. Rather, the

1Philip Kotler, "Some Needed Extensions in the
Theory of Marketing Programming," Proceedings of the 1268
Fall Conference of the American Marketing Association,
ppo 57"’620
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interrelationships of the entire system must be subdivided

into manageable units of analysis.?

Comparative Operating Data Defined

Within many industries, reasonably representative
samples of operating data are gathered. The information
for each type of data is typically averaged or similarly
classified for the firms participating in the sample.
These data are distributed to firms in the industry as
comparative operating data. The functions of collection,
analysis, and redistribution of the data are performed
by trade associations, large commercial firms with branch
operations, trade publications, and others.

The nature of comparative operating information
falls into several categories. The following are the
most common :

(1) Operating statements which reflect the pro-

portionate expenditures on various activities.
(For 2xample: advertising may represent

2.1 percent of sales and bad debts may
represent .51 percent of sales.)

(2) Financial statements which list the outcomes

of the operation expenditures. (The lists of
assets, liabilities, and net worth are usually

converted to ratios which reflect such measures

2Robert Schlaifer, Analysis of Decisione Under
Uncertainty (New Yoxrk: McGraw-Hill, 19€9).
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as efficiency of operation, measurement of
profitability, liquidity, and solvency.?®
(3) Data which are of particular significance to
the specific industry. (For example: sales per
square foot of floor space, inventory turnover

rate, and percent occupancy in motel rooms.)

Comparative Operating Data as a Unit of Study

Decision theory requires that some standard exists
from which one can determine reality. Because comparative
operating data show what other firms in an industry are
doing, they help to establish standards. It is difficult
to take into account all marketing factors simultaneously.
Therefore, decision makers must break down their problem
and think through the implications of one set of factors
at a time. Comparative operating data are one means of
examining a set of factors which have been expressed in
numerical form."

When a decision problem is broken down and an analysis
made of the parts, the degree of decision success in
recombining the parts is largely dependent upon the degree

of uncertainty of any one part. If the problem's facts

3Lett:er, J. H. Plunk, Division Vice President-
Finance, T G & Y Stores to Arlie L. Bowling, January 21,
1971, Oklahoma City, Oklahoma.

“Schlaifer, Analysis of Decisions.
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involve materials, distance, and machine capacity, the
results may be measurable, specific, and relatively direct
in nature. The meaning in comparative operating data,
however, is influenced by many additional variables not
specifically feflected in the data, such as customer
response, competitor reactions, enthusiasm, knowledge,
effort of people in the organization, and general economic
conditions. Therefore, comparative operating data infor-
mation represents facts about how a firm operated within
the opportunities and limitations imposed on it by its

particular market conditions. The uncertainty introduced

into comparative operating data by these differences
presents a challenge and a need for improved measurement

of the value this information still has to other firms.

Comparative Operating Data and Decision Theory

On a continuum of decision theory methods, it is
academically and scientifically correct to use the objective
approach as shown in Figure 1.° 1In practice, managers
make many decisions from their procedures established by
past experience. It is probable that most decisions fall
someplace ‘in the middle area of the continuum shown in

Figure 1. The payoff on some business problems is not

San adaptation of the theory developed in George
Katona, "Habitual Behavior and Genuine Decision Making,"
Pasychology in Administration: a Research Orientation,
edited by Timothy W. Costello and Sheldon S. Zalkind
(Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1965),

p. 351.
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sufficient to cover the cost of using the objective approach
and sometimes information is not sufficiently complete.
Therefore, standards must be developed for two purposes:
(1) to aid in finding solutions to problems which involve
some degree of uncertainty; and (2) to use as a standard for
checking against reality when a solution to the problem is
derived by the objective approach. Comparative operating
data are often used as this standard.

Comparative operating data may be used when firms
are confronted not only with the financial cost-payoff limi-
tation but also with the limitations of time and the abilities
of managers. An example of a time limitation might be
the pressure for immediate action because of expected
activity by a competitor. Comparative operating data are
frequently used as a guide for the actions of managers
for multiple branch operations as well as a basis for
central office measure of their performance.6

Comparative data are normally used as historical
information or as past experience. If more future-directed
information can be extracted from comparative operating

data, marketing problems can be solved more objectively.’

Speter D. Bennett, "SM's Exclusive Survey of Market-
ing Costs: a Preliminary Report," Sales Management, the
Marketing Magazine, November 10, 1970, pp. 43.

’Edward I. Altman, "Financial Ratios, Discriminate
Analysis, and the Prediction of Corporate Bankruptcy,"
The Journal of Finance, September, 1968, p. 604.
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The Need for Maximizing of Information From
Comparative Operating Data

The needs in marketing decisions are well illus-
trated by Philip Kotler.? He states:

Marketing management in particular is in great
need of specific normative theory to guide
decision making in the five major decision
areas:

1. The best product assortment.
2. The best level of total marketing effort.
3. The best allocation of marketing efforts
over products, territories, and customers.
4. The best mix of different types of marketing
effort.
5. The best timing of marketing effort.
The word "best" is interpreted to mean decisions
that maximize the firm's objectives subject to
the constraints under which it op'erates.9
Terms used by Kotler and other writers such as
"best," "optimal," and "maximizing," stress that infor-
mation for marketing decisions be better than an "average"
for the industry. A definite need exists to increase
the predictive value of information from comparative

operating data used for marketing decisions.!®

8Philip Kotler, "Some Needed Extensions in the
Theory of Marketing Programming," Proceedings of 1968
Fall Conference of the American Marketing Association,
pp. 57-62.

Srbid.

10g5ee results of industry survey, '‘Chapter 2, p. 19.
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Interest in this subject has been stimulated

by the need to make decisions such as the following:

1. If one has an inventory greater than the average
shown in comparative operating data, what is
the probability it will result in more kor
perhaps less) net profit?

2., Can one justify a large increase in adver-
tising? What is the normal effect on net profit
of larger than average advertising expendi-
tures?

3. What is the effect of a high rent, high traffic
location as compared to a low rent, low traffic
location?

4. Can an increase in sales force be justified?
What percent of sales seems optimal to spend
on salesmen's salaries?

5. To increase capital assets, are firms usually
more successful when they finance through
long-term debt or through the sale of equity?
What is the best capital Qtructure?

These are the types of questions that need answer-

ing to facilitate "best" decisions as suggested by Kotler.!'!

More information from comparative data would be helpful.

!lgotler, "Marketing Programming," pp. 57-62.



Definition of Texrms

Terms frequently used in this study which may be
subject to varying interpretations are defined for clarity.
1. Comparative Operating Data —-- The United States
Chamber of Commerce defines comparative operating
data as follows:

The statistics collected by associations

or organizations are the basic, significant
facts concerning various operational phases
of the industry concerned. More specifi-
cally, they may relate to sales or shipments
of the industry's products, production, cost
of operation, wage rates, working conditions,
and even the credit standing of customers.!?

Interestingly the United States Chamber of
Commerce states,

Without appropriate statistical studies as a
guide, many business enterprises would

make about as much progress as a blind-folded
burro in a revolving door.!?

2. Trade Association --

A nonprofit, cooperative, voluntarily-joined
organization of business competitors designed
to assist its members and its industry in
dealing with mutual business problems in
several of the following areas: accounting
practices, business ethics, commercial and
industrial research, standardization, statis-
tics, trade promotion, and relations with

Government, employees, and the general public.l“

!2chamber of Commerce of the United States, Modern
Day Trade and Professional Associations (Washington, D.C.:
Chamber of Commerce of the United States, 1964), p. 1ll.

131p4d.

l4yational Trade and Professional Associations of the
United States (Washington, D.C.: Columbia Books, 1970), p. 7.
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3. Automotive After Market -- The automotive
after market is generally recognized as the
market for automotive materials and services
provided the consumer after his initial purchase
of an automcbile.

4. The National Automotive Parts Association (NAPA) --
The National Automotive Parts Association is an
independent association of manufacturers,
regional distributors, and jobbers in the auto-
motive after market. Refer to Appendix A for

additional information.

Organization of the Thesis

Chapter One shows the function of comparative opera-
ting data in marketing decision theory and the resulting
need for profit maximizing information.

In Chapter Two a review of studies that have been
made and a review of recent literature shows the position
and significance of comparative operating data in decision
theory as it relates to marketing management and marketing
research. Chapter II also examines the increased need for
better analysis in addition to fact gathering, as our use of
electronic data processing advances.

To supplement the existing literature on the
use of comparative qperating data, a survey of ggve;al

major corporations and trade associations was made. In
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an attempt to discover whether this data is actually being
used at the operating level, an additional survey of opera-
ting managers was made. These surveys are presented in
Chapter II.

Chapter III describes the hypotheses tested and
the source and nature of the comparative operating data
used in this study. It also defines the methodological
procedures used in the data analysis.

Chapters IV and V present the results of the
analysis made. Chapter IV shows the findings derived
from analyzing operating statements, and Chapter V shows
the findings derived from analyzing financial ratios from
balance sheets. Chapter VI presents the results of
statistical analysis necessary to validate the comparative
operating data predictive model. Particular application
of the predictive model to specific firms is proposed
to illustrate the information it can provide to the
decision maker. Finally, areas of interest and additional

research are discussed in Chapter VI.



OHAPTER II

REVIEW OF RELATED LITERATURE AND RESEARCH

Literature

In the search to determine if significant improve-
ment can be made in the use of comparative operating data
in marketing management decisions, a study of previously
reported literature supports the need for this study and
indicates procedures that might be used.

As a point of departure, the basic ingredient
of problem solving and decision making theory may be
defined as the individual. The exact way a decision
is made is still a moot question. However, Costello and
Zalkind state:

An aspect of the thinking and problem-solving
process. . .is concept formation. The forma-
tion of a concept is often a necessary step
in problem solving; it may be the problem at
times.!

This description concerning the necessity of an individual

to develop a concept in order to solve a problem is

lpimothy W. Costello and Shelton S. Zalkind,
Psychology in Administration: a Researeh Orientation
(Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1965),
P. 353.
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applicable to the procedures used by individuals in defining
and solving marketing organization problems.2? The specific
question being asked is, how are these concepts formulated
in the business world?

In life reality is not an absolute but is determined
by relative standards.® Our judgments about a present
situation are frequently determined by making a comparison
of the present situation to standards we have acquired.®

Relating this fundamental approach of problem
solving to accounting and the business world, Anthony says,

. . .it is the process of comparison that makes
figures meaningful. 1In general terms, the
Process of analysis can be described as one of
comparing what actually happened with a standard. ®

Anthony lists several inherent difficulties in
making such comparisons:

(1) Accurate comparative accounting data is

difficult to obtain.

(2) Situations being compared may have

differences.

(3) Definitions of terms are not always consensual.

2Robert N. Anthony, Management Accounting (Homewood,
Illinois: Richard D. Irwin, 1964), p. 293.

SMilton Rokeach, Beliefs, Attitudes, and Values
(Los Angeles: Houghton-Mifflin, 1969), p. 138.

*Anthony, Management Accounting.

S1bid.
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(4) Comparative data are historical and may not
be appropriate for future decisions.
Nevertheless. the need for information to use as standards
or goals persists.

To illustrate the need for and use of comparative
operating data as standards, Dr. Peter D. Bennett guotes
from a firm's budget conference between the sales manager
and the marketing vice president:

Salesmen's salaries are running $420 per account
(per year) handled, and $12 per sales call. How
do these stack up with the rest of the industry,
or for other firms in similar industries who also

sell direct? Do they vary much by the size of the
firm?

Your travel funds indicate that you expect sales-

men's travel to run $27 per travel day. How
does that compare with other firms in the industry?

How does it compare with anything?®
Dr. Bennett further states that "A crucial aspect of the
cost accountant's methods is the develcpment of standards."
He surveyed 500 firms to determine the extent of their
interest in detailed comparative operating data which
were applicable to their particular operation and its
needs. Dr. Bennett reports:

e+ 296 peicent of the sales and marketing

executives said that such a set of standards

would make substantial contributions to

marketing efficiency. Eighty percent of the
financial executives responding felt that

®Bennett, "SM's Exclusive Survey," p. 43.

1bid.

7
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sales and marketing executives would realize the
value of cost standards and utilize them effectively.
It appears that marketing people realize that
their performance is based on results per dollar
of cost, and that a survey of marketing costs
would be used by them, not on them.®

The Federal Trade Commission (FTC) published reports
on 80 industries in 1941, including marketing costs. These
data were crude and very general in nature. The FTC lumped
similar costs together such as selling expenses and adver-
tising. As a result, the variables studied lost much
of their value for finding and solving problems.?

Robert M. Kaplan report& that computers have been
used on routine, repetitive accounting tasks in business.
He further states:

The next level of sophistication in EDP (Electronic
Data Processing) usage for business is in simu-
lating complex business systems and in employing
mathematical formulations (models) for analy?ing
business alternatives (operations research).’' How-
ever, this is a very young branch of computer
application.1°

Kaplan's motif when combined with the need for
accurate and timely information for decision making,

illustrates the need for marketing management simulation

models.

8rvid.
S1bid.

10pobert M. Kaplan, "Computer Applications in
Marketing: An Analysis of Coyxporate Experience,"
Proceedinge of 1967 Winter Conference of the American
Marketing Association (Washington, D.C.: American
Marketing Association, 1967), p. 1l18.

e i D e e e e o+ AN it S k2l
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A study by Wilson and Greenidge!' adds' support to
this study in two respects. First, it demonstrates that
the use of return on investment data is extremely useful
in analyzing and isolating the effect of information on
the retailef}s business. (Return on investment is used as
the dependent variable in this study for financial statement
analysis.) Second, it shows simulation to be a quality
technique in performance measurement.
In a paper presented before the American Marketing
Association, Leslie M. Harris states:
Perhaps the most important area of computer
utilization in the future will be simulation
pPrograms where a number of marketing and
general business strategies can be evaluated
to measure the effect of various marketing
inputs on profitability.12
Net profit is used in this study as the dependent variable
in analysis of the operating statements.
Edward I. Altman!?® has developed general procedures
which might be used to maximize information from compara-

tive operating data. He developed a two-way classification

model for the purpose of predicting corporate bankruptcy.

ll1eslie M. Harris, "Electronic Magic for the
Marketing Decision Maker," Proceedings of the 1969 Fall
Conference of the American Marketing Association (Cin=-
cinnati, Ohio: American Marketing Association, 1969).

12 rp2d.

'3paward 1. Altman, "Financial Ratios, Discriminate
Analysis and the Prediction of Corporate Bankruptcy,"
The Journal of Finance, September, 1968, p. 589.
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Altman used numerous Multiple Discriminant Analysis (MDA)
computer runs on different combinations of financial ratios.
He continued this operation until he found an optimal
group of five of twenty-two ratios that would most accurately
assign firms to one of two classifications, "“bankrupt"
or "non-bankrupt." Altman also proposea a method for adjust-
ing discriminant coefficients to accurately measure the
relative significance among variables.!® By contrast to
Altman's use of two-way classification, in this study the
investigator uses a multiple discriminant classification
analysis to predict the profitability of firms.!'*

Using the discriminant coefficient mocel, Altman
was able to assign firms to the correct classification of
either bankrupt or non-bankrupt groups with 96 pefcent
accuracy. The financial data used were from the vear
preceding bankruptcy. In Altman's study, the secondary
sample was similar in size and nature to the primary sample
from which the discriminant model was developed. The

accuracy of Altman's predictive model using data from two

131ester A. Neidell, "“Procedures and Pitfalls in
Cluster Analysis," Proceedings of the 1970 American
Marketing Association Conference (Boston, Massachusetts:
American Marketing Association, 1970), p. 20.

1%When input data is expressed as deviations from
their means, the discriminant coefficient for each variable
should be multipled by the standard deviation for compari-
son of significance between variables in assignment to
groups.
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years prior to bankruptcy diminished to 72 percent. Though
Altman's model worked well with a two year time lag, the
difference between 96 percent with first year data and
72 percent with second year data indicates the need to use
the most current data possible. The data used for this
study were for the most recent annual accounting period.

Altman's study illustrates the use of discriminant
coefficients, classification assignment (two way);
and testing of the predictive model on a secondary sample
for a validity check. A study by William F. Massey!S®
extends these concepts to multiple qglassification and to
development of a reduced variable model using factor

analysis to identify the significant variables.

William F. Massey has developed a predictive model using

a five group classification multiple discriminant analysis
program to measure differences in radio audiences. The
first step in the analysis is to reduce the 47 socio-
economic variables from an audience survey to a manageable
numbexr which he did by factor analysis. He reduced the 47
variables to 12, and these serve as summaries of the
original set. The 12 variables .are subjected to the five-
way multiple discriminant analysis as an attempt to predict
which radio stations survey respondents would listen to.

Using his model, Massey was able to predict audience

%william F. Massey, "Discriminate Analysis of
Audience Characteristics," Journal of Advertising Research,
Vol. 5, No. 1 (March, 1965), pp. 39-48.

At ve it i et aa
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membership with 36.§ percent accuracy. Assuming that
a priori probabilities are equal for'membership in any of
the five audiences (20 percent), the 36.8 percent predictive
ability is statistically significant. Furthermore, Massey
showed a statistically significant difference among the
five audience classifications.

By examining the numerical values assigned to each
variable in each group, Massey was able to determine those
variables which were most indicative of the audiences of
each station.

Through hié model Massey provided marketing manage-
ment with specific information from a close examination of
differences among groups and differences within groups.

These examples from recently reported research
illustrate the potential for maximizing comparati#e data
information, utilizing statistically determined numerical
values. They are of further assistance in telling the
predictor how to use these numerical values to identify
the variables of greatest significance.

A Survey of the Usage of Comparative Operating Data
from Selected Organizations

In the first part of this chapter, it was shown that
current literature supports the need for, and improved
use of, comparative operating data. The researcher conducted
a survey to determine the importance of these data to selected

agencies, as well as how they collect, analyze, and use them.
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A copy of the survey form is shown in Appendix B.
This survey form, with an accompanying letter of explana-
tion was sent to seven major United States corporations.
These corporations were selected because they represent a
large number of merchandising outlets which have a need
for comparative operating data. The survey form was also
sent to seven major trade associations who serve large
memberships and who had sufficiently large operating
budgets that studies of comparative operating data could
be handled. Six responses were received from major corpora-
tions and six from the trade associations. One corpora-
tion and one trade association made only token responses
to the questionnaire. However, all other respondents
indicated strong interest in comparative operating data,
and many offered additional information through procedural
publications. A brief summary of procedures used by some
trade associations and firms are as follows:

Sears Roebuck and Company generates internally
detailed operating data on all branches and subsidiaries
in 52 merchandising categories. These data are distri-~
buted to administrative headquarters on a monthly as well
as an annual basis. No procedures for maximizing information
were noted.!®

T G & Y gathers comparative operating data on all

of its 800 stores. These data are analyzed by size and

l€1etter, J. F. Kincannon, Comptroller, Sears
Roebuck and Company to Arlie L. Bowling, January 22, 1971,
Chicago, Illinois.
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type of store. Computer programs are used to detect
controllable expense variations which have deviated from
preset standards. This makes it possible to pin point
problem areas for individual stores as early as possible.
Although data are used to pin point problems, no procedures
for maximizing profits were noted. !’

Continental 0il Company generates information from
within their own system to use for standards of operation
for wholesalers and service stations.!®

Pnillips Petroleum Company operates similarly to
Continental. However, they noted that E. K. Williams,

a national auditing firm, specializes in service station
statistics for improving operations.?!®

S. S. Kreege Company collects comparative operating
data on 14 competitors in the mass merchandising industry.
They use these data to establish ratios to be used as aids
in measuring competitive standing and determining management
operating standards for their merchandising industry. Their

sources of information are: annual reports, annual reviews,

l7retter, J. H. Plunk, Division Vice President,
T G & Y Stores Company to Arlie L. Bowling, January 21,
1971, Oklahoma City, Oklahoma.

18Letter, J. J. Veteto, Coordinator-Accounting
Policies, Continental 0il Company, to Arlie L. Bowling,
January 20, 1971, Ponca City, Oklahoma.

91etter, H. B. Stead, Comptroller, Phillips Petro-
leum Company to Arlie L. Bowling, January 5, 1971,
Bartlesville, Oklahoma.
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and Standard and Poor's?® Basic Industry Analysis I;
"Market Action" Section. The five groups of ratios used

by the Kresge Company are liquidity, solvency, efficiency,

profitability, and market action. No procedurés for
maximizing data were noted.?!

The National Home Furnishings Association collects
operating and financial statements plus other merchandising
statistics from 1,000 firms. These data are analyzed and
the information redistributed to approximately 10,000
firms. They use computerized procedures to convert raw
data to ratios. Averages are computed for all classes of
firms, by sales volume. However, first and fourth quartiles
are omitted from the average computations. As a maximizing
guide, an average of net profit and total expenses
for the top one-~fourth most profitable firms is computed.
This average is then compared to an average of all firms.?2?
Appendix C illustrates this procedure.

The National Retail Merchants Association collects

financial and operating statements from 204 firms plus

20standard & Poor's, Corporation Records (New York:
Standard & Poor's Corporation, 1971).

2lretter, B. V. Carrico, Jr., Assistant to the
Treasurer, S. S. Kresge Company to Arlie L. Bowling, Decem-
ber 28, 1970, Detroit, Michigan.

22Letter, Robert P. Gruenberg, National Home
Furnishings Association to Arlie L. Bowling, January 21,
1971, Chicago, Illinois.
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merchandising statistics from 190 firms. They use computer-
ized programs to convert raw data to percentages and to
divide these percentages into sales volume categories. The
resulting averages are reported to each firm that submitted
data. The final report tells the firm how it ranks, ratio
by ratio, compared to other stores of similar size and type.?2®

National Candy Wholesalers does not collect compara-
tive operating data because of budget limitations.?"

The National Retail Hardware Association collects
operating statements, financial statements, and merchandis-
ing statistics from 782 stores. They analyze these data
in detail using the following variables:

a. Size of sales

b. ?ype of store location

c. Product mix

d. High margin vs. low margin operations

e. Geographical area

f. Establishing ten-year trend of key ratios

g. Showing seasonal fluctuations in sales.

These data are distributed to approximately 10,000

hardware dealers and published in the Hardware Retailer

which has a distribution of more than 40,000 hardware dealers.?’®

23tetter, Jay Scher, General Manager, National Retail
Merchants Association, to Arlie L. Bowling, January 19,
1971, New York, New York.

24retter, Ray Foley, Executive Vice President,
National Candy Wholesalers Association to Arlie L. Bowling,
January 19, 1971, washington, D.C.

25Letter, Thomas H. Jenkins, Research Director,
National Retail Hardware Association, to Arlie L. Bowling,

January 11, 1971, Indianapolis, Indiana.

RSP R
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To guide their retailers toward greater profits, the
National Retail Hardware Association provides a comparison
between the one-third stores with the highest total earnings
and the two-third stores making up the balance. Appendix D
shows this data comparison for 1969.

The National Builders Hardware Assoctation collects
data from 62 builder's hardware distributors in the form
of operating statements, financial statements, and merchan-
dising statistics. Data are analyzed and information
redistributed to 437 member firms. On some variables the
data are divided into sales categories of high, average,
and low groupings of firms.2®

The large number of data that are examined by
industries indicates the importance of and need for opera-
ting standards. Although two organizations prepare infor-
mation on the most profitable firms as a guide to maximizers,
no measurement of the significance of the differences in
most profitable versus less profitable data have been made.

The survey responses indicate that comparative opera-
ting information is generally used more to avoid operation
errors than as a guide to profit maximization.

Telephone calls were used as a follow-up to part
of the surveys to clarify some responses, to provide addi-
tional information and to verify the significance of compara-

tive ogerating'data.

26Letter, Richard M. Hornaday, Director of Member
Service, National Builders Hardware Association to Arlie L.
Bowling, January 5, 1971, New York, New York.
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Some of the more significant calls are listed in the
bibliography.

A Survey on How Comparativg;pperating Data Are Used in the
National Automotive Parts Association

A limited survey of National Automotive Parts
jobbers was conducted by personal interviews to determine the
extent and value of comparative operating data in meking marketing
management decisions at the jobber level. Nﬁne"mmuxxms, who<Jn1or
operate a total of sixteen jobber operations within
Oklahoma were interviewed. A copy of the survey question-
naire which was used as a guide for the open-ended interviews
is shown in Appendix E.

All nine jobber managers were familiar with the
NAPA's comparative operating statements. Seven of the
nine made at least some comparison between their opera-
ting data and the NAPA data. Five of the seven who made
comparison received "limited" value from the comparisons,
and two received "real" value from the comparison.

Operating statement items most frequently compared
were as follows: labor (all seven times); rent (five
times) ; gross profit (two times); and utilities, inventory
turnover, bad debts, and advertising (one time each). A
summary of this survey is shown in Appendix F.

Specific decisions made by using comparative data

were as follows:
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1. "Determined both rent and labor on opening a
new store."

2. "Used it as a guide on inventory turnover and
gross margin."

3. "Determined total expenditures for salaries
and commissions."

4. "Primarily on wages. Wages can be changed.
Utilities and many other factors cannot be
changed so easily."

5. "Increased advertising 25 percent to compara-
tive level--result was 1/3 increase in business
in 1970."

Additional comments made by jobber managers were

as follows:

1. "Need data classification by type of clientele."

2. "Needs to be condensed to fewer variables."

3. "Question Data--it seems too low, particularly
labor figure."

4. "Need data by geographical location such as
metropolitan, suburban, rural, etc.”

5. "Too many variables for smali operations."

In summary, the survey made by the researcher
showed that jobbers are familiar with operating data.
They endeavor to make comparisons but feel that the value
of such comparisons is limited. The comparative data

are used to make some specific decisions, but according
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to tﬁe jobbers, usually just as a mental guideline. Addi-
tional comments volunteered by five jobber managers
indicated a need for more information from comparétive
data. None explicitly suggested the need for profit
maximizing comparative data; implicitly, it is inferred
from their continuing use of the averaged data and their
expressed desires for more information that profit maxi-
mizing comparative data would enhance the value of

comparative data.



CHAPTER III
DATA AND METHODOLOGY

As shown in Chapter I, some form of comparative
operating data is a vital element in management decision
making. It may serve as a standard against which firms
compare their own results, or it may serve as a goal for
firms to seek. The need for maximizing information is
illustrated by Kotler's' emphasis on making the best
decisions and on maximizing the firm's objectives in the
five major decision areas.?

The literature review in Chapter II illustrates
that methods and techniques have been used to develop
predictive models from comparative data. Altman's model
predicted the probability of bankruptcy for firms.
Massey's model predicted characteristics of the listen-
ers of radio stations. The state of the art is that
predictive models can be developed if differences in data
are adequately defined.

A survey by this writer of selected organizations

showed that they collect and use comparative operating

1Kotler, "Marketing Programming," pp. 57-62.
2 .
Refer to page eight.

28
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data. They would like more information from it. A survey
of National Automotive Parts Association jobber managers
verifies that they use their comparative operating data.
They are not satisfied, however, with the information they
get from averaged comparative operating data.
The purpose of this study - is to extract profit

maximizing information from comparative operating data and
to develop this information into a predictive model that

will aid the marketing manager in profit making decisions.

Hypotheses

In the search to determine whether significant
improvement can be made in comparative operating data for
use in Warketing nmnagement'decisions, the hypotheses
fall into three categories.

For comparative operating data to be used for profit
maximizing decision purposes, some identifiable differencés
would need to exist between the data for profitable firms
and the data for iess profitable firms. Thus, one of the

hypotheses to be tested is:

H-1l: That comparative operating data for highly
profitable firms do not differ significantly
from the comparative operating data for less
profitable firms.

If data for profitable firms do differ from data for

less profitable firms, then profit maximizing managers need
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to know which items of comparative operating data are most
significant in determining the profitability of the firm.
Thus, the second hypozhesis to Bé‘tested is:

H-2: That“56H items of comparative operating data
can be identified as being of significantly
greater value in determining the firm's degree
of profitability than other items of compara-
tive operating data.

If the effect on profit of the various items of

comparative operating data is defined, a model to predict
profitability can be developed from a group of firms with

some degree of accuracy. The application of this model to

firms not used in developing the model measures the precision

or validity of the model. Thus, the third hypothesis to

be tested is:
H-3: That comparative operating data models will
not predict the profitability of firms other

than those firms from which the model was
generated.
Rejection of the above three null hypotheses should
provide information for the development of a model to
supply profit maximizing information from comparative

operating data.

The Nature and Source of Data

The comparative operating data used in this research

were provided by the National Automotive Parts Association.

PR
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The National Automotive Parts Association is generally
known in the automotive after market as NAPA. The NAPA
organization is described in Appendix A.

The NAPA comparative operating data used consisted
of the operating statements for 451 jobbers and the
balance sheets for440 jobbers for the 1969 fiscal year.
The operating statements are solicited annually from member
jobbers on a standardized form. An example of the letter
of instructions to the jobbers accompanying the form is
shown in Appendix G. An example of the report form used
is shown in Appendix H. After the forms are returned by
the jobbers to NAPA headquarters, they are examined for
completeness and comparability by an accounting firm and
forwarded to the NAPA Distribution Center in Columbus,
Ohio, to be readied for Electronic Data Processing (EDP).

The operating statement data supplied were entered
into the computer program from IBM cards. Each card
represented one line of information from the operating
statement of one of the samplemfirms. The éata froﬁ the 451
firms fell into the sales categories shown in Table III-l.
These data were transcribed to a computer tape to facilitate
programming and to avoid excessive card sorting time.

The balance sheets received from NAPA were
linited to 40 statements, all in the largest sales category
(over $250,000 of annual sales). These statements are

also examined by a certified public accountant to assure
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TABLE III-1

DISTRIBUTION OF FIRMS THAT SUPPLIED OPERATING STATEMENTS

BY SALES VOLUME

Number
Sales of

Category Firms
Up to $100M Sales 83
$100M to $150M Sales 95
$150M to $200M Sales 85
$200M to $250M Sales 60
Over $250M Sales 128

Total 451
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comparability. These data for this study were supplied by
NAPA in work sheet matrix form. Upon receipt, the data
were converted to financial ratios, and the ratios were
punched on computer cards for programming purposes.

Some bias in these NAPA data is inevitable since :

(1) A general tendency among firms reporting in
cases of this sort is for more of the success-
ful firms to submit reports than firms that
have a poor profit period.

(2) Firms that are branch operations of corpora-
tions operating regional distribution warehouses
are not included in these comparative data.

(The data in the study represent independent
franchise jobbers.) However, selection bias

‘did not seriously affect the objective of this
research study, since its purpose was to
demonstrate that information much more useful

for marketing decisions than "average" infor-
mation can be extracted from comparative operating
data. This bias would be of some concern in the
use of a model developed to analyze firms not

represented by the data collected.

Research Methodology

General Procedures Used

A review of literature in relation to the

hypotheses set forth reveals that a statistical test
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called a Multiple Discriminant Analysis has been used
quite extensively and successfully in previous studies.?®

In the analysis of the operating statements, an
attempﬁ is made to show how these can be used to maxi-
mize profitability.* This is accomplished by several
analysis steps. First, 220 firms randomly selected for
the model building group have been divided into one of
five sales categories. (See Table III-2) The one-
fourth most profitable firms are then place in the
first quartile. The second one-fourth most profitable
firms are placed in the second quartile; and so on.
Next, those areas of the firm's reports that are most
significant to the operating profit of the company have
been identified. Some of these areas are as follows (1)
salaries, (2) car expenses, (3) salesmen's salaries,
(4) taxes, (5) depreciation of equipment, (6) insurance,
(7) utilities, and (8) incidental supplies. For

statistical purposes these areas of expense are

Spaul E. Green and Donald S. Tull, Research for
Marketing Deciesione (Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1966), p. 369.

“Maximize Profitability is used here in an
accounting sense, referring to profit as a percent
of sales and is not concerned with the general question
of whether firms do or do not maximize profit.
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TABLE III-2

FIRMS DIVIDED BY SALES CATEGORY AND PROFIT QUARTILE

Sales Category

|
| $100,0001 $150,0001 $200,000 $250,000
Profit Up to | to 1 to I to i and
Quartile | $100,0008 $150,000! $200,000] $250,000, up
1 1 [ i
| i : i
lst i i : I
Quartile N=10! N=12 | N=10} N=7 | N=16
1 [ 1 |
------------------ s
| | | |
2nd ! ] ] :
Quartile N=10! N=12 ] N=10} N=7 | N=16
l l : %
------------------- e e e e e e e e e
i i I !
| 1 1 i
rd | | | |
Quartile N=1]0;1 N=12 § N= 10 : N=7 : N = 16
i i i |
__________________ e m e —e——d el e . —————
| I [ |
! | 1 ]
4th ! | | |
Quartile N=10! N=12}{ N=1:0| N=7 | N=16
| | )
___________________ N NV RO A
TOTALS : N = 40 N = 48 N = 40 N=28 N= 64
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referred to as variables. Each of these variables repre-
sented a certain amount of the total budget of the firm.
In order to be able to compare the variables in a meaning-
ful way, each of the variables was converted to a percentage
by dividing the amount spent for each variable by net

sales. These percentages were used as the predictors in

determining the profitability of the firms. In other

words, the MDA statistical program compares the operating
percentages of the most profitable firms with the operating
percentages of the less profitable firms. The gquestions
being answered with the MDA program might well be as follows:

(1) what are the differences between the predictors
in the profitable and unprofitable firms?

(2) If these differences are in the operating
decisions of the firm, how do the more profit-
able firms conduct their operations differently
from the less profitable firms?

In other words, do the more profitable firms have a way
of distributing their finances that makes them the most
profitable?

After the variables or expense accounts of each
firm have been given a numerical value (a percentage of
sales) these percentages are combined into a profile for
that firm. This profile is simply a score or numerical
value made up of individual percentages of the budget

items. The multiple discriminant analysis (MDA) statistic
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actually compares the profiles of eéch of the different
firms in the four profit quartiles. By comparing these
profile scores, a comparison of the expenses of each of the
firms can be made to determine their differences.
Second, the MDA can determine which variables cause most
of the differences among the firms of any one quartile or
group- Third, the MDA can determine those variables
which can be used most successfully for predictors of
future success or failure of the firm. Fourth, the MDA
can establish procedures for assigning new firms into
profit quartiles by the profile score assigned to them.

The MDA actually compares the financial data of a
particular firm by considering each of the expense items
of the firm individually. According to the amount of the
total budget spent for each item, a firm is then assigned
a profile score. These profile scores are compared for
each of the firms of the profit guartile involved. The
budgets of those firms in profit quartile number one are
compared to the budgets of firms in profit quartile
number two, three, and four; the firms in profit quartile
number two are compared to firms in profit quartiles number
three and four; etc. Through these comparisons of budgets
and expenses, an eventual pattern may emerge that will
distinguish the more profitable firms from the less
profitable firms. The results of such calculations can be

checked by entering the data from several other firms

it 1o raMMI ascnh f ittt (e
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(not those on whom the prediction model was developed), and
checking the model's ability to categorize these firms
correctly.

It seems necessary to inject a note of explanation
concerning the use of a computer to execute the multiple
discriminant analysis statistic on the data collected in
this study. Contrary to common belief, there is nothing
magic or mystical about computers or computer-based
statistical analysis. Equally mystical is the belief that
"If I can only get the data on IBM cards everything will
be all right." This is not so. The only justi-
fiable reason for using a computer in statistical
analysis is when the amount of calculations is simply not
feasible by hand. Such ig the case in this study. The
number of variables of each firm (18), and the number of
firms (220) must be compared on all the possible combina-
tions of variables and firms. Since this computes to be
approximately 876,245 to the 100th power (876,245'°%) the
calculations of such comparisons is virtually insurmount-~
able in any way except by cémputer. Through computer
analysis these computations were completed in a fraction

of the time needed to do the same thing by hand.

Determining the Score Profile (2 value) of the Firms

Before the firms can be compared in a meaningful
way, it i8 necessary to assign them a common or standard

number based on their budgetary distribution of funds. This

P
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profile is computed by multiple discriminant analysis. Multiple
disciminant analysis inwolves four main cbjectives.®

1. Testing whether significant differences exist among the
average "soore" profiles of the a priori defined grows,
assuming group ocovariation and dispersion are equal
and the distributions are multinormal.®

2. Detemmining which variables account most for such inter-
group differences in average profile.

3. Finding lineaxgcxnbinations of the predictor variables
that enable the analyst to represent the groups by maxi-
mizing among-group relative to within-group separation.

4. Establishing procedures for assigning new individuals
whose profiles, but not group identity, are assumed to
be from one of the a priori defined groups.’

Objectives one and four will be used in solving hypothesis
one, regarding the difference between operating data for profitable
firms and less profitable firms. Objective two will be used in
solving hypothesis two, regarding the extent to which various items
of conparative operating data determine the firm's profitability.
Otbjectives two and three will be used in selving hypothesis three,
regarding the ability of the model to predict for other firms.

Spaul E. Green and Donald S. Tull, Research for Marketing
Dectisions (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1966),
p. 369.

SThe quartiles of firms in descending order of profitability
are the a priori defined groups for this study.

’Green and Tull, op. cit.
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The Miltiple discriminate analysis (MDA) technique has the
advantage of considering an entire profile of characteristics common
to the relevant firms, as well as the interaction of these properties.
A univariate study, on the other hand, can only consider the
measurements used for group assignments one at a time.

Through multiple discriminatt analysis the investigator will
attempt to find linear conbinations of the original variables that
maximize the ratio of among- to within-group variability. Therefore,
the analysis is transformed into its simplest form, one plane with
two dimensions. The discriminant function of the form

Z= Ci¥t eXt o . + C X

where CprCor e o+ C = Discriminatie coefficients

where XprXgp o 0 o X = Independent variables,
transforms individual variable values to a single discriminaht score of
Z value which is then used to assign a firm to the appropriate category.
The MDA computes the discriminand coefficients, cj , while the indepen-
dent variables, xj, are the actual input values.

The initial MDX programs for both operating statements
(See Chapter IV) and for balance shest data (See Chapter V) had such
a large number of independent variables, that the strength of the more
significant variables was not readily apparent. To enhance the value,
both for analysis purposes and for use by marketing managers, the

8Computexr proyram used for multiple discriminant analysis is
BMDOSM, Biomedical Computer Programs (Berkeley: University of Califor-
nia Press, 1970), as programmed by IBM for 360-50 computer but modified
to increase the number of independent variables from 10 to 18.
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number of variables had to be reduced.? This was done by selecting
those independent variables with the largest ooefficient absolute
values and rerunning the multiple discriminant analysis program with
fewer variables. A difficulty of this procedure is that there is no
satisfactory measure of the within-group variance that is still retained
in the problem after reduction in the nunber of variables. In order
to reduce the nunber of variables and still retain most of the
information of the original problem, a factor analysis program'®
was run to relate the reduction of quantity of variables to the
within-group variance, in the reduced variable model. The within-in
group variance accounted for by each of the original independent
variables is reflected in the cumilative percentage of eigen values

1 fThe zero eigen

when the program is started with a zero eigen value.!
value results in no reduction in the number of factors when the factor
analysis program is run. For example, the cumilative percentage of
within-group variance accounted for by six of the eighteen variables
may represent 95 percent of the variance. In this case the six
variables would be the significant independent variables.

9Ideally, it would be desirable to use the rotated factor
matrix (varimax) to reduce the number of variables to be used as
input for the multiple discriminant analysis program, but this
procedure was ruled out for reasons described in Appendix I, Part 2.

1°8MD03M, Biomedical Computer Programe (Berkeley, California:
University of California Press, 1970), as programmed by IBM for the
360-05 computer.

“Eig_en value problems are concerned with boundary value
problems of differential equations containing parameters. As used
here the zero eigen value provides maximum boundaries to avoid
reduction in the vectors of the factor analysis program such that
cumulative within variance can be observed for n-1 variables.
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After the final MDA run with a reduced nunber of variables,
the success of the model is determined in two ways:

1. The MDA program computes the generalized Mahalandbis

D2 statistic. This statistic may be used in a contingency
table to test the hypothesis that the mean values are the
same in all the groups for all the variables.

2. The a priori probability of a firm being assigned to one
of the four quartiles is 25 percent. The extent to which
the model exceeds 25 percent correctly assigning fimms
to groups is a measure of the predictive index of the
model.

To demonstrate the ability of the model to classify firms to
groups, confusion matrices as illustrated by Massey!? are used in
Chapters IV and V. The diagonal data denote ocorrect assignment,
and the off diagonal denote error in assignment. Significant variables
are identified in Chapters IV and V by matrices of discriminant
coefficients relating independent variables to group functions.

Sare of the more praminent writers who have developed the
mathematical and statistical conoepts to make possible the development
of such predictive models are (boley and Lohnes,!® Frank, Massey,

and Morrison,!" Anderson,!’® Rao,!® and Schlaifer.” A more

129i11iam F. Massey, “Discriminant Analysis of Audience
Characteristics," Journal of Advertising Research, Vol. 5, No. 1
(March, 1965), pp. 39-48.

134. W. Cooley and P. R. Lohnes, Multivariate Procedures for
the Behavioral Sciences (New York: John Wiley and Sons, Inc., 1962).

“R. E. Frank, W. F. Massey, and G. D. Morrison, "Bias in
Multlple Discriminant Analysis," Journal of Marketmg Research,
Vol. 2, August, 1965, pp. 250-58.

,
i
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detailed description and mathematical presentation of multiple dis-
criminant analysis is presented in Appendix I, Part 1.
In Chapter IV, we see the results of this analysis on the
operating statements studied.

150, W. Anderson, Imtroduction to Multivariate Statistical
Analysis (New York: John Wiley and Soms, Inc., 1958).

18-, R. Rao, Advanced Statistical Methods in Biometric
Research (New York: John Wiley and Sons, Inc., 1952).

17pobert Schlaifer, Analysies of Decisions Under Uncertainty
(New York: McGraw-Hill Book Company, 1969).



CHAPTER IV
ANALYSIS OF COMPARATIVE OPERATING STATEMENTS

The preceding chapters have defined the nature of
comparative operating data and their significance and
use in decision making in several areas of mérketing
management. The nature and source of data used in this
study have been defined, and the methodological procedures
to be used have been presented. This chapter, using the
methodology described in Chapter III, shows the results
obtained by analyzing operating statements. The goals of
these analyses are as follows:

1. To determine whether comparative operating
data for highly profitable firms differ
significantly from comparative operating
data for less profitable firms.

2. To determine if certain operating expense
variables have greater significance than others
in determining the firm's level of profit
and to measure this significance.

3. To determine if predictive models structured
from a primary sample of firms will correctly
predict profitability for a second samp}e of
firms.

44
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Defining the Difference in Operating Data According
"to Profitability of Firms

Using the 451 operating statements of cutomotive
parts jobbers supplied by the National Automotive Parts
Association, an analysis was made to determine whether
there is a significant difference in the operating
expenses for high profit firms as compared to low profit
firms.* Because the operating data differ according to
sales volume, the firms' operating statements were sorted
according to sales volume as shown in Table IV-l.

The firms used in multiple discriminant analysis
were then sorted into quarile groups for each sales
category. For example, the 40 firms in Sales Category I
were sorted into equal sized quartiles as follows:

10 firms with profit ratios 10.35% and higher

in group 1.
10 firms with profit ratios 10.34% to 5.59%
in group 2.
10 firms with profit ratios 5.58% to 3.12%
in group 3. '
10 firms with profit ratios 3.1l1% and lowen
in group 4.
Profit ratios fell in ranges as shown above. The data were
maintained in this format throughout the multiple discrimi-
nant analysis.
Having separated the firms within sales categories

into four levels of profitability, the investigator

determined whether there was a significant difference

“The dollar information for firms was converted
to percentages of net sales. Profit is defined in terms
of operating net profit/net sales.



46

TABIE IV-1

NUMBER OF FIRMS BY SALES CATEGORY USED TO DEVELOP MODELS

AND TO TEST PREDICTIVE VALIDITY COF MODELS

Number of
Number of Firms Used Total
Firms Used For Validity Nurber
Sales in MDA to Test of of
Categories Build Model Model Firms
Up to $100,000 Sales 40 43 83
$100,000 to $150,000
Sales 48 47 95
$150,000 to $200,000
Sales 40 45 85
$200,000 to $250,000
Sales 28 32 60
Over $250,000 Sales 64 64 128
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among the mean operating expense data for theséﬂfour
groups.

The means of the operating expense variables for
each of the four groups for all five sales categbries are
shown in Tables IV-2 through IV-6. To determine whether
a significant difference existed among the means of these
four groups of firms in each sales category, two methods

2 statistic is

were used. The generalized Mahalanobis D
a statistical significance measure and shows the signifi-
cance of the differences of the means of the variables
among the four quartiles of profitability. When a differ-
ence in the means of the variables among the four quartiles
is established, additional information is provided by the
second method--constructing confusion matrices.® The
confusion matrix shows the group assignments of firms
correctly made to profitability quartiles and those
incorrectly made by multiple discriminant analysis of the
operating data of the firms.

The statistical significance of these group means
differences is shown in Table IV-7. The information in

Table IV-7 was calculated in Tables IV-2 through

Table IV-S.

Swilliam F. Massey, "Discriminant Analysis of
Audience Characteristics," Journal of Advertising Researach,
Vol. 5, No. 1 (March, 1968), pp. 39-48.



TABLE IV-2

MEAN OPERATING DATA FOR FIRMS IN SALES CATEGORY 1,
UP TO $100,000 ANNUAL SAILES
(Data in terms of percent of net sales.)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most Least
Most Profitable Profitable Profitable Profitable

Expense Variable Quartile Quartile Quartile  Quartile
Shop Labor Sales* 0.19 0.00 0.46 0.19
Managers' Salaries 6.69 6.72 5.72 8.28
Salesmen's Salaries 0.34 0.73 0.37 1.64
Other Salaries and Wages 6.85 7.57 11.74 9.02
Total Wages and Salaries 13.88 15.02 17.83 18.94
Advertising and Sales Expense 0.48 0.38 0.54 0.63
Bad Debts 0.27 0.33 0.49 0.91
Car Expense-Sales 0.00 0.00 0.03 0.32
Car and Truck Expense- .

Delivery 0.81 0.99 1.09 0.81
Depreciation 0.31 0.53 0.42 0.48
Freight, Express, Parcel

Post and Postage 0.73 0.87 1.13 0.95
Insurance 0.56 1.21 0.64 0.67
Heat, Light, & Water 0.48 0.88 0.74 0.79
Rent (or Equivalent) 1.42 2,25 1.89 1.99
Office and Store Supplies

and Expense 0.72 0.79 0.98 0.59
Taxes 0.87 1.40 1.23 1.63
Telephone and Telegraph 0.67 0.76 1.02 1.04
Miscellaneous and General

Expense 1.87 1.53 1.69 1.83

Mahalanobis D2 statistic 202.63 with 54 d.f.ig - significant at .005 which allows the

rejection of the null hypothesis that the means of the variables of the
four groups are the same.

*Expenditures for shop labor expense were not available, so sales of shop labor was
used as an expense variable on the assumption that a close relationship exists.

8y




TABLE IV-3

MEAN OPERATING DATA FOR FIRMS IN SALES CATEGORY 2,
$100,000 to $150,000 ANNUAL SALES
(Data in terms of percent of net sales.)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most Ieast
Most Profitabile Profitable Profitable Profitable

Expense Variable Quartile Quartile Muartile Quartile
Shop Labor Sales¥ 1.62 1.32 1.48 0.68
Managers' Salaries 5.06 : 5.88 7.15 7.44
Salesmen's Salaries 1.14 0.82 0.85 0.88
Other Salaries and Wages 7.70 9.41 8.32 9.60
Total Wages and Salaries 11.86 16.10 16.33 17.92
Advertising and Sales

Expense 0.68 0.48 0.35 0.68
Bad Debts 0.22 0.39 0.21 0.70
Car Expense-Sales 0.16 0.02 0.15 0.31
Car and Truck Expense-—

Delivery 0.50 1.23 1.62 0.88
Depreciation 0.72 0.56 0.42 0.89
Freight, Express, Parcel

Post and Postage 0.82 0.76 0.45 0.96
Insurance 0.69 1.16 0.74 0.96
Heat, Light and Water 0.69 0.59 0.53 0.69
Rent (or Equivalent) 1.40 1.85 2.11 1.56
Office and Store Supplies

and Expense 0.66 0.53 0.67 0.79
Taxes 1.62 1.59 1.33 1.73
Telephone and Telegraph 0.59 0.76 0.81 0.85
Miscellaneous and General

Expense . 1.38 - 1.72 1.54 1.88

Mahalanobis D2 Statistic 119.35 with 54 d.f. is significant at .005 whichallows the
rejection of the null hypothesis that the means of the variables of the
four groups are the same.

*Expenditures for shop labor expense were not available, so sales of shop labor was used
as an expense variable on the assumption that a close relationship exists.

6V



TABLE IV-4

MEAN OPERATING DATA FOR FIRMS IN SALES CATEGORY 3,
$150,000 to $200,000 ANNUAL SALES
(Data in terms of percent of net sales.)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most least -
Most Profitable Profitable Profitable Profitable

Expense Variables Quartile Quartile Quartile Quartile
Shop Labor Sales* 1.45 0.34 2.35 1.27
Managers' Salaries 3.14 4.72 4.87 7.82
Salesmen's Salaries 0.27 0.72 1.00 1.26
Other Salaries and Wages 10.79 10.47 10.85 11.16
Total Wages and Salaries 14.21 15.90 16.71 20.24
Advertising and Sales

Expense 0.50 0.45 0.47 0.48
Bad Debts 0.27 0.46 0.50 0.50
Car Expense-Sales 0.07 0.04 0.00 0.06
Car and Truck Expense-

Delivery 0.82 1.18 - 1.47 1.47
Depreciation 0.58 0.32~ 0.33 0.74
Freight, Express, Parcel

Post and Postage 0.76 0.83 0.71 0.54
Insurance 0.80 0.61 0.80 1.07
Heat, Light and Water 0.52 0.36 0.54 0.60
Rent (or BEgquivalent) 1.41 1.17 1.94 1.58
Office and Store Supplies

and Expense 0.52 0.69 0.56 0.76
Taxes 1.15 1.01 1.39 1.57
Telephone and Telegraph 0.78 0.59 0.83 0.93
Miscellaneous and General

Expenses 1.09 0.94 1.79 1.39

Mahalanobis 132 Statistic 713.38 with 54 d.f. is - significant at .005 which a3l1llows the
rejection of the null hypothesis that the means of the variables of the
four groups are the same.

*Expenditures for shop labor expense were not available, so sales of shop labor was used
as an expense variable on the assumption that a close relationship existed.

0S



TABLE IV-5
MEAN OPERATING DATA FOR FIRMS IN SALES CATEGORY 4,
$200,000 to $250,000 ANNUAL SALES
(Data in terms of percent of net sales.)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most Least
Most Profitable Profitable Profitable Profitable

Expense Variable Quartile Quartile Quartile Quartile
Shop Labor Sales* 3.78 2.43 0.88 1,91
Managers' Salaries 1.85 2.71 6.80 7.43
Salesmen's Salaries 0.51 1.61 0.50 1.60
Other Salaries and Wages 12.09 11.28 10.85 10.68
Total Wages and Salaries 14.44 15.60 18.16 19.72
Advertising and Sales

Expense ' 0.44 0.45 0.57 0.43
Bad Debts 0.63 0.25 0.23 0.57
Car Expense-Sales 0.10 0.38 0.03 0.10
Car and Truck Expense—

Delivery 0.67 0.69 1.54 1.19
Depreciation 0.56 0.55 0.58 0.80
Freight, Express, Parcel

Post and Postage : 1.21 0.91 0.48 0.64
Insurance 0.92 0.88 0.72 1.21
Heat, Light and Water 0.65 0.64 0.47 0.48
Rent (or Bguivalent) 1.29 2.16 1.71 1.38
Office axd Store Supplies

and Expense 1.21 0.84 0.34 0.82
Taxes 1.42 1.45 1.38 1.38
Telephone and Telegraph 0.88 0.50 0.66 0.64
Miscellaneous ard General

Expense 1.23 1.17 1.58 0.86

Mahalanobis p? Statistic 214.90 with 54 d.f. is significant at .005 which allows: the
rejection of the null hypothesis that the means of the variables of the four
groups are the same.

*Expenditures for shop labor expense were not available, so sales of shop labor were used
as an expense variable on the assumption that a close relationship existed.

187}



TABLE IV-6

MEAN OPERATING DATA FOR FIRMS IN SALES CATEGORY 5,
$250,000 AND UP ANNUAL SALES
(Data in terms of percent of net sales.)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most Ieast
Most Profitable Profitable Profitable Profitable

Expense Variable Quartile Quartile Quartile Quartile
Shop Labor Sales* 2.11 3.20 1.43 4.11
Managers' Salaries 3.59 5.21 4.40 5.56
Salesmen's Salaries 1.49 2.58 2.05 2,80
Other Salaries and Wages 10.62 9.13 10.70 10.27
Total Wages and Salaries 15.70 16.92 17.16 18.64
Advertising and Sales

Expense 0.47 0.62 0.36 0.57
Bad Debts 0.52 0.28 0.37 0.40
Car Expense-Sales ' 0.12 0.42 0.14 0.26
Car and Truck Expense-

Delivery 0.58 0.64 1.06 0.86
Depreciation 0.50 0.63 0.56 0.81
Freight, Express, Parcel

Post and Postage 0.66 0.65 0.45 0.61 - -
Insurance 0.84 0.86 1.09 1.04
Heat, Light and Water 0.42 0.53 0.44 .47
Rent (or Equivalent) 1.61 1.28 1.35 1.67
Office and Store Supplies

and Expense 0.43 0.81 0.71 0.64
Taxes 1.59 1.41 1.54 1.52
Telephone and Telegraph 0.64 0.61 0.59 0.69
Miscellaneous and General

Expense 1.11 1.09 1.26 2.39

Mahalanobis D2 Statistic 111.05 with 54 d.£. is- significant at .005 which allows
the rejection of the null hypothesis that the means of the variables of
the four groups are the same.

*Expenditures for shop labor expense were not available, so sales of shop labor were
used as an expense variable on the assumption that a close relationship existed.

¢s



TABLE IV-7

GEMEVEIZEDBEHNUWUBHS[F STATISTIC MEASURE OF LEVEL

OF SIGNIFICANCE CF MEAN DIFFERENCES OF OPERATING
VARIABLES BY PROFIT QUARTILES WITHIN
SALES CATEGORIES

€9

Sales 2 rins Level of
Category D" Statistic af * = Significance*
1 202.63 54 .005
2 119.33 54 .005
3 713.38 54 .005
4 214.90 54 .005
5 111.05 54 .005

*Dz Statistic applied to contingency table.

**Degrees of Freedon.
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At ,005 level of significance, the generalized
Mahalanobis D2 statistic allowed the researcher to reject
the null hypothesis that the variable means of the profit
quartiles within each sales category were the same.
However, more information was needed to determine the
specific group differences. Therefore, discriminant
coefficients were computed® which were multipled times
each firns operating expenses. This provided a discrimi-
nant (2) score’ for each firm by which the firm was
assigned to quartiles representing one of the four levels
of profitability. Through this assignment process, con-
fusion matrices were derived from the group assignments
by multiple discriminant analysis. The assignment of
individual firms to groups and their probabilities are
shown in Appendix J through N.

In Table IV-8 scores on the diagonal represent
correct quartile assignments. Scores off the diagonal
represent incorrect quartile assignments. The a priori
probability that a firm would be assigned to the correct
quartile is 25 percent. The computed t score of 9.85 with
n = 40 is significant beyond the .005 critical level which
indicates the discriminant scores computed by the MDA
are legitimate.

Table IV-9 shows group assignment for firms in
sales category two through five. The same interpretation

applied to these tables as Table IV-8.

Refer to Step 7, Appendix I.  7see page 40,
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TABLE IV-8

PREDICTED PROFIT QUARTILE MEMBERSHIP OF FIRMS BY
MULTIPLE DISCRIMINATE ANALYSIS*

(SALES CATEGORY I, SALES UP TO $100,000)

Actual

Quartile

Membership 1
1l 0
2 2
3 0
4 | o

Correct Assigmments: 37 or 92.5 percent.
t score of 9.85 is significant at +005 level.

*Quartile 1 represents 25 percent most profitable firms.
Quartile 2 represents 25 percent next most profitable
fimms, ete.
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TABLE IV-9

PREDICTED PROFIT QUARTILE MEMBERSHIP BY
MULTIPLE DISCRIMINATE ANALYSIS

(SALES CATEGORY 2, $100,000 to $150,000 ANNUAL SALES)

Actual
Quartile Predicted Quartile Membership
Menbership 1 2 3 4 Total
1 12
2 12
3 12
4 12
48
Correct assigmments = 39 or 81.25 percent.
t score of 9.05 is significant at <005 level.
(SALES CATEGORY 3, $150,000 to $200,000 ANNUAL SALES)
Actual
Quartile Predicted Quartile Membership
Membership 1 2 3 4 Total
1 0 0 0 10
2 0 4 10
3 7 . 3 0 10
4 1 0 0 9 10
Correct assignments = 22 or b5 percent.
t score of 2.98 is significant at .005 level.
(SALES CATEGORY 4, $200,000 to $250,000 ANNUAL SALES
Actual
Quartile Predicted Quartile Membership
Menbership 1 2 3 4 Total
1 1 7
2 7
3 7 7
4 0 7
28

Correct assignments = 23 or 82.14 percent.
t score of 7.14 is significant at <005 level.
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(SALES CATEGORY 5, $250,000 AND UP ANNUAL SALES

Actual

Quartile Predicted Quartile Membership

Membership 1 3 ) [ Total
1 0 2 16
2 4 8 1l 16
3 5 1 5 5 16
4 0 1 0 15 16

T 64

Correct assigmments = 41 or 64 percent.
t score of 7.22 is significant at 005 level.
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The ability of the model to correctly assign firms
to appropriate profitability groups by comparing their
expenditures for operations is very high. |

The percentage of overall correct assignment to
profitability quartiles within sales categories is highest
in sales category 1 which covers the smallest firms with
annual sales up to $100,000. But predicting percentages
for all categories as shown in Table IV-10 are sufficiently
high to indicate that there is significant meaning in
operating expenditures that can predict profitability.

Correct assignment to individual quartiles across
sales categories is shown in Table IV-1l. The model's
ability to predict level of profitability from operating
expenses is greater in the two quartiles representing
the most profitable firms and the least profitable firms.
These groups were predicted with 88.8 percent accuracy.
Group 2 was predicted with 53.5 percent accuracy and
Group 3 was predicted with 68.9 percent accuracy.

The null hypothesis that comparative operating
data for highly profitable firms (Quartile 1) does not
differ significantly from the comparative operating data

for less profitable firms is rejected.
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TABLE IV-10

CORRECT PROFILE QUARTILE ASSIGNMENT OF FIRMS WITHIN SALES CATEGORIES

Sales Category Nurber Percent*
1 37 out of 40 92.5
2 39 out of 48 8l.2
3 22 out of 40 55.0
4 23 out of 23 82.1
5 41 out of 64 64.0

A priori probability of correct assignment is
25 percent.



TARLE IV-11

PERCENT OORRECT PROFIT QUARTILE ASSIGNMENT OF FIRMS ACROSS SALES CATEGORIES

First Most  Second Most Third Most Fourth Most
Profitable  Profitable Profitable Profitable
_Quartile Quartile Quartile Quartile
Sales Category 1 2 3 4
1 100.0 70.0 100.0 100.0
2 91.5 75.0 83.5 75.0
3 100.0 0.0 30.0 90.0
4 71.5 71.5 100.0 85.6
5 81.2 50.0 31.2 93.6
Average 88.8 53.3 68.9 88.8

09
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DEFINING FIRM DIFFERENCES IN EFFECT ON PROFIT

OF INDIVIDUAL OPERATING EXPENSES

If the manager can measure the relative influence

of each operating expenditure on profit, this would improve

his ability to make profit maximizing decisions.

Analysis of the Meaning and Use of Coefficients

In multiple discriminant analysis, discriminant
coefficients are computed by quartiles for each of the
independent variables which in this problem were the
eighteen operating expense items.® These coefficients
themselves Yyield information about the relative
importance of each operating expense insofar as discrimi-
nation between profitability groups is concerned.?®

Table IV-12 presents the coefficients of the 18
operating expense variables from the four profit gquartiles.
Each coefficient represents the effect of the expense

variable on the probability of classification in the

®From a methodological point of view what we have
done is to take our eighteen dimensional space and
collapse the object points onto a single (discriminate)
axis. This axis was found by computing a set of weights
(coefficients) that maximize the separation between the
four groups relative to their within variability.

Green and Tull, Research for Marketing Decisions,
p. 375.

e s as



TABLE IV-12

MULTIPLE DISCRIMINANT COEFFICIENTS FOR EIGHTEEN OPERATING EXPENSES

AND PROFITABILITY QUARTILES

(sales Category I)

Group 2 Group 3 Group 4
Group 1 Second Most Third Most Least
Most Profitable Profitable Profitable Profitable
Operating Expenses Quartile Quartile Quartile Quartile
Shop Labor Sales -~13.56 -17.03 -16.32 -20.03
Managers' Salaries -30.26 -18.12 -135.07 -54.03
Salesmen's Salaries -31.73 -19.05 -136.84 -55.13
Other Salaries & Wages -30.86 -19.03 -135.84 -55.15
Total Wages & Salaries 34.64 23.02 140.53 60.05
Advertising & Sales Expense 11.73 10.30 13.34 18.28
Bad Debts 4.77 4.73 5.90 8.58
Car Expense, Sales 12.41 11.55 15.92 17.61
Car & Truck Expense-Delivery 8.38 10.04 11.00 12.49
Depreciation .46 -3.60 -1.72 -1.75
Freight, Express, Parcel
Post & Postage 8.36 10.17 11.22 12.34
Insurance -1.27 1.90 -2.76 -3.17
Heat, Light & Water 10.25 15.79 16.47 17.80
Rent (or Equivalent) -1.55 1.41 -1.41 -1.20
Office & Store Supplies
and Expenses 5.03 4.15 6.91 4.12
Taxes 10.78 14.69 14.32 18.65
Telephone & Telegraph 15.46 18.97 21.96 24.83
Miscellaneous & General
Expense 3.76 2.36 3.73 4.34

c9
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quartile. The coefficients are more sensitive measures
of profit quartile characteristics than a similar table
of the means of the expense variables. (See Tables IV-2
through IV-6) Morxeover, the discriminant coefficients
take into account correlations among operaﬁing expenses. '’

Certain quartile characteristics can be observed
by looking at the largest values of the discriminant
coefficients for each of the operating expense variables
in Table IV-12. An expense variable coefficient contri-
butes most to the probability of classification in that
profitability quartile for which its absolute values are
largest. Expense variables whose coefficients are near
zero for any quartile have little effect on the firm assign-
ment probability for that quartile.

To illustrate the meaning of these coefficients,
examine bad debt expense in Table IV-12, Group 1 and
Group 2 are closely related at values of 4.77 and 4.73.
Group 3 is somewhat higher a£ 5.90 and Group 4 jumps to
8.58. Bad debts are nearly twice as significant in
assigning firms to Group 4 as they are in Groups 1 and
2.

In addition to analysis across columns, one can
analyze the information within columns. For example, the
18.28 coefficient for advertising and sales expense in

Group 4 is 2.1 times larger than the 8.58 coefficient for

197p2d., p. 44.
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bad debt expense. If an equal change of expenses on these
two items were made, the ipcrease or decrease in expenditure
on advertising and sales expense would have approximately
twice the influence on profit that the coﬁparable change on
bad debts would have. These statements assume, of course,

a comparability between the specific firm and those repre-
sented in the comparative data. Each situation needs to

be considered by the decision maker as to whether this
comparability may or may not exist.

The analysis of salaries as shown in Table IV-12
needs some explanation. It seems desirable to know the
level of significance of the various forms of salary
expenditures, so the three types of expenditures for
salaries--Manager, Salesmen, and Other--were inclﬁded in
the analysis as well as their sum which is total wages
plus salaries. Total Wages and Salaries is shown
as a positive coefficient score. The three expense
variables which constitute total wages have negative
coefficient scores. In each quartile the values for these
three wage variables are almost identical. This indicates
that it did not matter whether the wages were spent for
salesmen, managers, or other; the effects on profit
results were the same. If the mean of these three labor
variables is subtracted from total labor costs, the

resulting figure represents the coefficient that should be

used for comparison with other operating expense coefficients.

In Table IV-12, Quartile 4 coefficient for total wages is

60.05. The coefficient for managers salary is -54.03.

[



65

salesmen's salary is -55.13, and other wages is -55.15.
The mean of these three of -54.77 added to 60.05 gives a
total wages and salary coefficient of 5.28 for comparative
analyses.

The value of these discriminant coefficients can
be more closely determined by examining the coefficient's
function in the model formula:

x.+ c2x2+ « o o cnxn

the discriminant score which assigns firms
to profitability groups

the multiple discriminant coefficient
operating expense independent variable
expressed as a percent of net sales

where 2

C
X

ni

The decision maker can examine the coefficients in
Group 1 in Table IV-12 and make an incremental application
to the above formula. For example, use only Advertising
and Sales Expense and Rent for the variables. The coeffi-
cient for Advertising and Sales Expense is 11.73 and for
Rent is -1.55. The mean for Group 1 (Table IV-2 for
Advertising and Sales Expense is 0.48 percent of sales and
for Rent is 1.42 percent of sales. Inserting these data

into the model formula, we have:

Z = (11.73)(0.48) + (-1.55) (1.42)
2 =15.67 - 2.20
2 = 3.47
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Then, if we have a management decision to increase rent
by .5 percent of sales by moving to a new location, the

Z score would change to a lower figure:

2 = (11.73)(0.48) + (-1.55) (1.92)
Z =5.67 - 2.98
Z = 2.69

The group assignment model is so structured that lower 2
scores are assigned to the more profitable groups. From
this information the decision maker can judge that in
this particular group and sales category those firms who
are spending more than the mean of 1.42 percent of the
group for rent are making higher profits than those who
spend less than the group mean of 1.42 percent. The
operating data on rent and profit for firms in Gréup 1

of Sales Category 1 are presented in Table IV-13. When
these figures were compared the analysis appeared to be

correct.

The rent mean for the four most profitable firms
was 2.25 percent of sales. These firms had an operating
profit mean of 13.45 percent of sales. By comparison the
four firms with lowest rent, a mean of .96 perceni of
sales, showed a mean operating profit of 12.06 peicent
of sales. This showed a mean profit advantage to the
higher rent firms of 1.39 percent of sales.

Two possible implications of this analysis might

be:



TABLE IV-13

RENT AND PROFIT DATA

Firms in Quartile 1, Sales Category 1* (Up to $100,000 sales per year)
(Data are expressed as percent of sales)

Rent Profit
Percent Computed Means Rank Percent Computed Means Rank
Firm Number of Sales of Selected Firms Order of Sales of Selected Firms Order
4868 3.46 | 1 10.35 9
4703 2.12 F 2.25 2 15.83 13.45 2
3037 1.99 3 15.97 1l
2222 1.44 J 4 11.82 5
0107 1.38 5 5 10.67 7
3560 1.16 6 10.62 8
2718 1.16 e 0.96 7 14.47 12.06 3
3222 1.08 ° 8 11.19 * 6
0118 .44 | 9 11.96 4

*This information was extracted from a magnetic tape containing common—-form operating statements
for all firms.

L9
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a. Firms with non-modern or less effective premises
obtained at lower rental costs show less profit
as a percent of sales.

b. Firms who pay more rent for high traffic loca-
tions show a higher profit return than those
who rent low traffic locations.

Other explanations may be equally plausible. The manager
of each firm must examine his particular situation.

Analysis of Profit Predictability Using Only
the Most Significant Operating Expenses

To determine the extent to which management concern
and control might suitably be restricted to a limited
number of expense variables, a second multiple dis-
criminant model was developed. If a high level of correct
group assignments could be made with fewer variables, this
would guide management's actions toward those operating
expenditures most likely to yield results.

In order to select the correct expense variables,

the following questions might be posed:

a. Which are the most significant expense variables?

b. How much of the within group variance will still
be accounted for by the reduced'number of
variables?

To accomplish (a), the tables of multiple discrimi-

nant coefficients, Appendix O through S, were examined

e e s sl ien A A
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to identify those expense items with largest absolute
value coefficients.

To accomplish (b) a factor analysis'!' has been per-
formed on the variables. The variables used in each sales
category for the reduced variable multiple discriminant
analysis model are shown in Table IV-14.

Like the first multiple discriminant model with
18 operating expense variables, the purpose of the
reduced variable model is to determine whether signi-
ficant differences existed among the group means. If
they do, the attention of management when making decisions
can be concentrated on fewer variables. The significance
of the difference among group means is measured by the
generalized Mahalanobis D2 statistic and by the percentage
of correct classification of firms to profitability gquar-
tiles. The statistical significance of group mean differ-
ences by sales categories is shown in Table IV-15.

Since the differences among the means of sales
categories one through four are significant at the .005
level, the null hypothesis is rejected that the
means of the variables of the four groups within each
sales category are the same. The .06 level of significance
for sales category five, however, does not allow rejection

of the null hypothesis for that prediction.

11y, 5. Dixon, Biomedical Computer Programs, BMD-0S5
(Los Angeles: University of California Press, 1970).



TABLE IV-14

OPERATING EXPENSE VARIABLES USED IN REDUCED VARTABLE MDA MODEL
(X indicates operating expenses variables used.)

Sales Categories
1 2 3 4 5
Operating Up to $100,000- $150,000- $200,000- $250,000-

Expense $100,000 $150,000 $200,000 $250,000 Up

Shop Labor Sales X
' Salaries

Salesmen's Salaries
Other Salaries & Wages
Total Wages & Salaries X X X X X
Advertising & Sales Exp. X X X
Bad Debts X X X X
Car Expense, Sales X X X X X
Car & Truck Expense-Delivery X
Depreciation X X X
Freight Express, Parcel

Post & Postage X X X X
Insurance X X
Heat, Light and Water X X X
Rent (or Equivalent) X X
Office and Store Supplies X X X
Taxes X X X
Telephone & Telegraph X X X
Miscellaneous & General

Expenses ‘

Nunber of Variables Used 9 8 8 8 9

0L
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TABLE IV-15
GENERALIZED MAHALANOBIS D2 STATISTIC MEASURE
OF LEVEL OF SIGNIFICANCE OF MEAN
DIFFERENCES OF OPERATING VARIABLES
- BY PROFIT QUARTILES WITHIN

SALES CATEGORIES
({For Reduced Variable Model)

Sales 2 Level of
Category D Statistic d.f.** Significance*
1 70.06 27 .005
2 77.61 24 .005
3 59.00 24 .005
4 57.43 24 .005
5 39.35 27 .06

2

*D“ Statistic applied to contingency table.

**Degrees of freedom.
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To measure the ability of the model to predict
profitability, its capacity to assign firms to quartiles
within sales categories is shown in Table IV-16.

The ability of the reduced variable model compared
to the original model to correctly assign firms to correct
profitability quartiles by comparing their operations
expenditures is shown in Table IV-17. Group assignment of
firms was significant at the .005 level in all sales
categories, but comparisons of the original model and the
reduced variable model were made to determine which had |
greater value to the management of a particular firm.

The original l8-variable model predicted at least
ten percent better in all sales categories than the model
reduced to either eight or nine variables, except in sales
category three. In the sales category $150,000 to $200,000
annual sales, the model developed from reduced variables
produced a five percent better prediction.

Using only eight or nine of the original 18 variables,
the model predicted profitability groups for firms correctly
64.6 percent of the time compared to 74.9 percent accuracy
for the original model.

It has been demonstrated that:

1. The absolute value of a variable coefficient

determines that variable's influence on the

profitability of the firm,
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TABLE IV-16

PREDICTED QUARTILE MEMBERSHTP BY MDA
REDUCED VARTABLE MODEL

Predicted Quartile Membership

Correct

Assignment
1 2 3 4 Total Percent

Sales Category 1, up to $100,000 Annual Sales

1 10 90
2 10 70
3 10 80
4 10 80

32 correct out of 40 = 80% correct.

t score of 8.10 significant at . 005.

Sales Category 2, $100,000-$150,000 Annual Sales
1 12 83
2 12 50
3 12 58
4 12 67

31 correct out of 48 = 64.5% correct.

t score of 6.32 is significant at .005.

Sales Category 3, $150,000-$200,000 Annual Sales
1 1 0 10 60
2 2 3 0 10 50
3 2 0 7 1 10 70
4 0 1 3 10 60

24 correct out of 40 = 60% correct.

t score of 5.12 is significant at .005.

Sales Category 4, $200,000-$250,000 Annual Sales
1 1 1 7 71.5
2 1 0 7 71.5
3 1 0 1 7 . 71.5
4 1 0 2 7 42.9

18 correct out of 28 = 64.3% correct.
t score of 5.87 significant at . 005.
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TABLE IV-16
(Continued)

=W

Sales Category 5, $250,000 and up Annual Sales

: 1 1 16
4 2 16
2 5 S 16
1 2 16

26 correct out of 48 = 54.2% correct
t score of 4.68 is significant at .005.
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TABLE IV-17

CORRECT QUARTTILE ASSIGNMENT OF FIRMS
BY SALES CATEGORY
A Comparison of the Reduced Variable Model
to the Original Model

o \as.

Reduced Variable Model Original 18
Sales Number of Firms Variable Model
Category Correctly Assigned Percent Percent
1 32 out of 40 80.0 92.5
2 31 out of 48 64.5 81.2
3 24 out of 40 60.0 55.0
4 18 out of 28 64.3 82.1
5 26 out of 48 54.2 64.0
Mean = 64.6 = 74.9
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2. Because some variables have greater significance
than others, a model can be developed in which
approximately one-half of the operating expendi-
ture variables can be used to predict within
10.3 percent of the accuracy obtainable with
all variables.

These findings allow rejection of the null hypothesis
that there are no items of comparative operating data
identifiable as being of significantly greater value in
determining the firm's degree of profitability than other

items of the comparative operating data.

A Validity Sample Check for the Predictor Model

Both the original l18-variable operating expense
model and the reduced variable model used the same firms
to measure accuracy of predictions (correct assignment of
firms to profit quartiles) that were used to construct
the models. So that firms would be available to check
the validity of the model developed, the data were
divided into two parts. The first half of the firms was
used in the initial model construction group. The second
half was reserved for a validity check of the original
model's ability to properly classify firms outside the
model. This provided a check on (a) sampling errors in
the original sample and (b) possible biases within the

multiple discriminant analysis program.
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All firms in the validity sample were sorted by
sales categories and profitability gquartiles such that
each member of a group had an operating-profit-to-net-
sales ratio within the range of that group in the original
model. Discriminant scores'? were computed for each firm
and correct assignment was determined by matching
each firm's discriminant score (2 score) to the group
parameters determined by the 2 scores of firms which wexre
correctly assigned in the original 18 variable model.
This method of checking the validity of a multiple dis-
criminant analysis model is suggested by Frank, et al.!?®
The detailed tabular results of this model testing are
illustrated in Appendix T, and a summary is presented in
Table IV-18.

The predictability by percent assignment on the
secondary sample is lower, but the model still predicts
at a significant level. This differential may be due
to any or all of the following:

a. Bias caused by the small samples in groups

within sales categories.

b. Additional restrictions imposed by using Z

score'parameters of only correctly assigned

firms within groups of the original model to

12Re_fe;;: to page 40.

13R. E. Frank, W. F. Massey, and G. D. Morrison,
"Bias in Multiple Discriminant Analysis," Journal of
Marketing Research, Vol. 2 (August, 1965), pp. 250-258.

- et atieane enantad
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TARLE IV-18

SUMMARY VALIDITY TEST OF ORIGINAL MODEL ON SECONDARY SAMPLE

‘ Percent of Firms t test level
Sales Correctly Assigned to of
Category Profit Quartilest Significance*
1 46.5 <.005
2 55.4 <.005
3 62.2 <.005
4 50.0 <.005
5 59.3 <.005

*A priori probability was 25 percent.
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classify secondary sample firms. This could
curtail correct assignments of the secondary
sample by ten percent with our group sample
sizes of approximately ten.

¢c. Bias created within the computation of the
multiple discriminate analysis program. For
example, in some instances firms with Z scores
compatible to a group could be assigned to some

other group because the probability of assign-

ment function results in overlapping Z scores

among groups.'"

The satisfactory level of percentage of correct
assignment to groups and the .005 t-test level of signi-
ficance in testing the original model on the secondary sample
allows rejection of the third null hypothesis that
comparative operating data models will not predict the
profitability of firms other than those from which the

model was developed.

“The investigator proposed a set of four hypotheses
regarding the group membership of a firm, one of which
was to be accepted and the other three rejected. The
general form for the likelihood of such a hypothesis might
be written (Cooley and Lohnes, page 134): P(H./X.), 1 =
1,2,...,N and j = 1,2,...,9 which reads: Therrébability
of hypothesis j, given the score vector of firm i.
Hypothesis j states that individual i is a member of group
j. There would be g (number of gro'ps) such hypotheses
for each individual, and the hypothesis (or group) with the
highest probability was selected.
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Statistical results described in this chapter

lead to the following statements:

1.

Comparative operating data for highly profit-
able firms differ significantly from the
comparative operating data of less profitable
firms.

Some operating expense variables have greater
significance than others in determining the
firm's level of profit.

The significance of this difference among
operating expense variables can be measured.
Predictive models structured from a primary
sample of firms can satisfactorily predict

profitability for a secondary sample of firms.



CHAPTER V

ANALYSIS OF BALANCE SHEET DATA

Chapter IV analyzed the information obtained from
the firm's operating statements. This chapter will apply
a similar method of analysis to the data provided by the
balance sheets of forty National Automotive Parts
Association jobbers. The limited number of balance

sheets from jobbers necessitated that they all be

used to structure the predictive model and precludes
the testing of the predictive model on a secondary sample
of firms.

The goals of these analyses are as follows:

l. To determine whether or not the comparative
financial data from balance sheets for highly
profitable firms differ significantly from the
comparative financial data for less profitable
firms, |

2. To determine if some financial data variables
have greatexr significance than others in
determining the firms' level of profit.

3. To measure this significance of financial data

variables.

8l
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' Development of Financial Ratios

Before analysis of data from balance sheets
could be carried out, the data needed to be reduced to a
common measure so that one firm could correctly be
compared to another. In Chapter IV this common measure was
easily accomplished by expressing each operating expense
as a percent of sales. A single such common denominator
was not available for balance sheet data. Instead various
financial ratios were used. Historically, financial
ratios have been used to detect operating and financial
difficulties and to supply a qualitative type of infor-
mation for assessing the credit worthiness or equity value
of a particular firm.' The general use of financial ratios
has been univariate in nature with emphasis placed on
individual signals of impending problems.? The multi-
variate analysis measures a variable's significance while
considering the influence and intercorrelation of the varia-

ble with all other variables. In this analysis the emphasis

lEdward I. Altman, "Financial Ratios, Discriminant
Analysis and the Prediction of Corporate Bankruptcy,"”
The Journal of Finance, September, 1968, p. 589; Roy A.
Faulke, Practical Financial Statement Analyeie, Fifth
Edition (New York: McGraw-Hill, 1961); Robert N. Anthony,
Management Accounting (Homewood, Illinois: Irwin, 1964),

“An exception is Altman's "Financial Ratios,"”
op. ett., p. 589.
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is on finding ratios that will predict the profitability
of firms and the measurement of each ratio's significance.

What ratios should be used to predict profitability?
Anthony?® divides financial ratios into the following four
categories:

1. Tests of profitability

2. Tests of liquidity

3. Tests of Solvency

4, Overall Measures

S. S. Kresge Company® divides ratios into the same
basic categories as does Anthony except that they call the
fourth classification "tests of efficiency" rather than
"overall measures" and add "Capitalization Ratios on Capital
Structure." Standard and Poor’ use many ratios to describe
the performance of firms. Financial ratios were needed
for this model that might have value in predicting profit
and that could be computed from the information reported
on NAPA balance sheets. The following rétios were

selected in five categories:

3Anthony, op. ett., p. 297.

“Letter, B. V. Carrico, Jr., Assistant to the
Treasurer, S. S. Kresge Company, Detroit, Michigan,
December 28, 1970.

standard & Poor's, Corporation Records (New York:
Standard & Poor's Corporation, 1970).
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1. Tests of Profitability:
a. Operating Profit/Net Worth
2. Tests of Efficiency:
a. Operating Profit/Net Sales
b. Operating Profit/Total Assets
c. Cost of Goods Sold/Inventory®
d. Sales/Total Assets
3. Tests of Liquidity:
a. Acid Test, Current Assets minus Inventory/
Total Assets
b. Current Ratio, Current Assets/Currgnt
Liabilities
¢c. Current Assets minus Current Liabilities/
Total Assets
d. Inventory/Net Working Capital
4. Tests of Solvency:
a. Current Liabilities/Net Worth
b. Retained Earnings/Total Assets
5. Tests of Capitalization:
a. Total Debt/Net Worth
b. Long Term Debt/Total Assets

.Anthony classifies inventory turnover as a test of
liguidity. Wwithin this model, it was considered primarily
a test of the efficient use of iaventory. Normally
average inventory is used in this ratio, but only year
end inventory information were available.
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The first rétio listed above, operating profit/net
worth’ or return on investment, is an all inclusive variable
because the only number that encompasses all the relation-
ships of the other ratios is the return-on-investment
ratio. An increase in net profit ratio indicates
improved performance only if there has been no offsetting
decrease in sales volume, increase in investment, or
comparable changes. The return-on-investment ratio
encompasses all these interrelationships. Yet the
return-on-investment ratio is so broad that it does not
give clues as to which of the underlying ratios may be
responsible for apparent changes in it. Therefore, the
model is structured with return-on-investment as the
dependent variable and the other ratios are analyzed
to determine the extent of their influence on the
return-on-investment figure.

The financial statement raw data were prepared
in ratio form on computer cards as described in Chapter
III. All firms were in sales category V, $250,000 and

up annual sales.

"Phis ratio is a modification of the commonly used
return on investment ratio. Usually net profit after tax
is used rather than operating profit. The object of this
study is to predict operating profit so this form has
more value.
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Defining the Differences in Financial Ratios According
“to the Profitability® of Firms

To arrange the firms in proper format for multiple
discriminant analysis, they were sorted into quartiles
of ten firms each. The return-on-investment ratios were as
follows:

Return on Investment

Quartile 1 1.443 to 0.334
Quartile 2 0.319 to 0.262
Quartile 3 0.251 to 0.171
Quartile 4 0.163 to 0.043

Having separated the firms into four levels of profitability,
the researcher wished to determine whether there was a
significant difference among the financial ratio means for
these quartiles. The means of financial ratios for each
quartile are shown in Table V-1.

Two methods were used to determine whether a signi-
ficant difference existed among the means of these four
groups of firms of different profit levels. The generalized

2 gtatistic gives a statistical significance

Mahalanobis D
measure of group mean differences. If the group means do
'differ significantly, additional information is provided

by the second method--construction of a.confusionruatrix.’

The confusion matrix shows the assignment of firms to

'Profitability is measured in terxrms of return
on investment.

SWilliam F. Massey, op. ctit.



TABLE V-1

MEANS OF FINANCIAL RATTIOS BY PROFIT QUARTILES
(10 Firms per Group)

SALES CATBEGORY $250,000 AND UP PER YEAR

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Return on Return on Raturn on Return on
Investment Investment Investment Investment

Financial Ratios 1.443-0.334 0.319-0.262 0.251-0.171 0.163-0.043
Operating Profit/Net Sales 0.070 0.076 0.051 0.029
Operating Profit/Total Assets 0.203 0.205 0.133 0.058
Sales/Total Assets 2.890 2.721 2.860 3.279
Cost of Goods Sold/Inventory 4.069 3.401 4.055 3.401
Current Assets minus Current

Liabilities/Total Assets 0.595 0.700 0.603 0.643
Current Assets minus Inventory

/Current Liabilities 1.320 1.848 1.569 2.107
Current Assets/Current

Liabilities 3.311 4,210 3.606 4.660
Current Liability/Net Worth 1.002 0.410 0.536 0.579
Inventory/Current Assets

Minus Current Liabilities 0.880 0.781 0.865 0.844
Total Debt/Net Worth 2.661 : 0.524 0.799 0.916
Iong Term Debt/Total Assets 0.304 0.055 0.084 0.126
Retained Earnings/Total

Assets 0.130 0.376 0.234 0.466

L8

- Mahalanobis D Statistic 180.77 with 36 d.f. is significant at .005 which allows the
rejection of the null hypothesis that the means of the variables of the four groups
are the same.
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profit quartiles which were correctly made and those
incorrectly made by analysis of the financial ratios of
the firms.

The Mahalanobis D2 statistic for differences in
the group means was computed to be 180.77 with 36 degrees
of freedom which shows the group means diffef at the .005
significance level. See Table V-~1. However, more infor-
mation was needed to determine the specific mean differ-
ences. Therefore, weights (discriminant coefficients)
were computed which were multiplied times each firm's finan-
cial ratios. This provided a standard or (Z) score for
each firm by which the firm was assigned to a group.
From this classification process, the confusion matrix
showed a more exact level of mean differences for the groups.

Table V-2 is derived from the information in
Appendix U--The Evaluation of Classification Quartile for
Each Firm by Multiple Discriminant Analysis. In Table V-2
scores on the _diagonal represent correct group assignments.
Scores off the diagonal represent incorrect group
assignments. The a priori{ probability that a firm would be
assigned to the correct group was 25 percent. The t test
was significant at .005. The ability to predict firm assign-
ments to groups was 70 percent for the most profitable gquartile.
However, the model predicted with greater accuracy for the

less profitable quartiles, re: 90 percent for the second

Co . AL e an et benn
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PREDICTED PROFIT QUARTILE MEMBERSHIP
BY MULTIPLE DISCRIMINANT ANALYSIS

(12 Financial Ratiocs)

Predicted Quartile Menbership

Actual Correct
Quartile Assigmment
Merbership 1 2 3 4 Total Percent

1 7N\3 0 0| 10 70

2 0 9 1 0 10 90

3 1 1 8 0 10 80

4 0 0 1N\9 1 90

33 correct assigmments out of 40 = 82.5 percent accuracy.

t test significant at

.005.
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quartile, 80 percent for the third guartile, and 90 percent
for the fourth quartile.‘°
The null hypothesis that financial ratios for highly
profitable firms does not differ significantly from the
comparative operating data for less profitable firms was

rejected.

Defining the Differences in Effect of
InExvxguaI Financial Ratios on Profit''

If a manager can measure the relative influence on

profit or return-on-investment of each of the financial
ratios, this information could improve his ability to

make profit maximizing decisions.

Analysis of the Coefficients of the Financial Ratios

In multiple discriminant analysis, discriminant
coefficients are computed by groups for each of the
independent variables which in this problem were the twelve
financial ratios.'? These coefficients themselves yield

information about the relative importance of each financial

10 3ith reference to the Altman study referred to
in Chapter II, page 18, it is interesting to note that

his financial ratio model predicted bankruptcy with consider-

able accuracy and that in this study the financial ratio
model predicts poor performance more accurately than high
profit performance.

uProfit is measured in terms of return on invest-
nment.

'2 prom a methodological point of view what has been
done is to take our twelve dimensional space and collapse
the object points onto a single (discriminant) axis. This
axis was found by computing a set of weights (coefficients)
that maximize the separation between the four groups
ralative to their within variability.

o ateena
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ratio insofar as discrimination between profitability
groups is concerned.!? 1*

Table V-3 presents the coefficients of the 12
financial ratios for four return-on-investment quartiles.
Each coefficient represents the effect of the financial
ratio on the probability of classification in the quartile
corresponding to the particular discriminant function.

The coefficients are more sensitive measures of group
return-on-investment characteristics than a similar table
of the means of the financial ratios. (See Table V-1)
Moreover, the discriminabt coefficients take into account
correlations among the financial ratios.'®

A financial ratio coefficient contributes most to
the probability of classification in the return on invest-
ment group for which its absolute values are largest.
Ratios whose coefficients are near zero have little effect
on the firm's assignment probability for that group.

Analysis of Profit Predictability Using Only
the Most Significant Financial Ratios

To determine how well a few of the more significant

financial ratios would predict profitability, a second

13 .
Green and Tull, op. ett., p. 375.

14
For an illustration on how information can be
extracted by analyzing a coefficient, refer to Chapter IV,
page 65 on the analysis of the expense variable, rent.

'Swilliam F. Massey, "Discriminant Analysis of
Audience Characteristics," Journal of Advertising
Research, Vol. 5, No. 1 (March, 1965), pp. 39-48.



MULTIPLE DISCRIMINANT COEFFICIENTS FOR 12 FINANCIAL RATIOS
AND FOUR PRCFITABILITY QUARTILES

TABLE V-3

Financial Ratios

Quartile 1

Return on
Investment
1.443-0.334

Discriminant Coefficients

Quartile 4

Return on
Investment
0.163~0.043

Operating Profit/Net Sales

Operating Profit/Total Assets

Sales/Total Assets

Cost of Goods Sold/Inventory

Current Assets minus Current
Iaabxlxt;es/!btal Assets

Current Assets minus Inventory
/Current Liabilities

Current Liabilities/Net Worth
Inventory/Net Wbrklng Capital
Total Debt/Net Wo
Icng'TErm.Debt/ﬂkﬂual Assets
Retained Earnlngs/MOtal Assets

-635.69
388.12
-99.59

57.26

414.39
-3.06

.42
6.25
275.59
-12.40
124.96
11.10

Quartile 2 Quartile 3
Return on Return on
Investirent Investment
0.319-0.262 0.251-0.171
~555.75 -559.69
333.61 304.12
-94.67 -95.90
55.10 56.51
403.14 398.65
-4.04 -3.59

1.53 1.48
9,87 .07
265.60 273.94
-14.20 -11.05
116.47 101.52
12.69 10.04

~938.34
424.48
-116.34
64.62

421.44
-10.68

8.05
17.29
296.38
-18.43
119.20
l6.81

26
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multiple discriminant model with a reduced number of
variables was developed. If a high level of correct quartile
assignments could be made with fewer variables, this would
help to guide management's attentions to areas of decisions
most likely to yield results.

To select the proper financial ratios to be used in
the reduced-variable model, the following decisions are
indicated:

a. How accurate will the prediction be by the

reduced number of variables used in the model?

b. Which are the most significant expense variables?

As an attempt to answer these questions, to accomplish
(a) a factor analysis'® was made on all possible variables.
The results of this computation are given in Table V-4,

The financial ratios in Table V-4 are listed in order of
absolute value of coefficients from highest to lowest.

Using the cumulative variance as a guide, seven
variables in Table V-4 accounted for .99 of the variance.
These identify significant input financial ratios for the
reduced-variable, multiple discriminant analysis program
to construct a predictive model. It is interesting to note
that four of the seven most significant ratios were tests
of efficiency; two were tests of liquidity; and one was

a measure of capital structure. (See Table V-4)

'®w. 3. pixon, op. eit.



TABLE V-4

FINANCIAL RATIOS FOR REDUCED VARIABLE MODEL BY CUMULATIVE PERCENTAGE
OF VARIANCE ACOOUNTED FOR

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Number Return on Return on Return on Return on
Financial of Investment Investment Investment Investment
Ratios Variables 1.443-0.334 0.319-0.262 0.251-0.171 0.163-0.043
Operating Profit/

Net Sales 1 0.651 0.547 0.603 0.425
Current Assets-

Current Liabili-

ties/Total

Assets (b) 2 0.807 0.797 0.749 0.638
Operating Profit/

Total Assets (a) 3 0.879 0.894 0.851 0.803
Inventory/Net Work-

ing Capital (b) 4 0.944 0.973 0.930 0.883
Long Term Debt/

Total Assets (c) 5 0.978 0.990 0.976 0.948
Sales/Total Assets (a) 6 0.997 0.997 0.991 0.985
Cost of Goods Sold/ ‘

Inventory (a) 7 0.999 0.999 0.997 0.996

(a) Test of Efficiency

(b) Test-of Liquidity

“(c) Measure of Capital Structure

ve
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Like the first model with 12 financial-ratio
variables, the purpose of the seven variable model was to
determine whether significant differences existed among
the group means. If it does, the attention of management
could be concentrated on fewer variables. Again, the
significance of the difference among group means was
determined by the D2 statistic and by the percentage of
correct classification of firms to profitability quartiles.

The D2 statistic for this analysis progrém was
computed to be 70.06 with 21 degrees of freedom which is
significant at the .005 level. This means that a signi-
ficant difference does exist among the financial ratio
data of the groups.

The next step was to further determine the strength
of the differences of these financial ratio means by test-
ing ability of the model to assign firms to the correct
profit quartiles. Table V-5 shows firm assignments to
quartiles by the reduced variable model.

The reduced variable model, using seven financial
ratios, compared to 12 in the first model, correctly
assigned firms to four groups with 67.5 percent accuracy.
The a priori probability of assignment is 25.0 percent.
The first model using 12 variables assigned firms to
groups with 82.5 percent accuracy. This supports the

following propositions:
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TABLE V-5

PREDICTED QUARTILE MEMBERSHIP BY MDA
REDUCED VARIABLE MODEL
{Seven Financial Ratios)

Actual Quartile

Menbership by Correct
Return on Assignment
Investment Percent

1 60

2 70

3 60

4 80

2

Mean D” of 60.06 with 21 d.f. was significant at .005.

27 correct out of 40 = 67.5% correct assignment.

t score of 6.2 shows correct assignments significant at

«005.
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The absolute value of a coefficient determines
the financial ratio's influence on the profit-
ability of the firm.

Because some variables have greater significance
than others, a model can be developed frxrom
seven financial ratios which can be used to
assign firms to groups within 15 percent of the

accuracy of the 12 financial ratio model.

This information rejects the null hypothesis that

there are no items of comparative operating data that can

be identified as having significantly greater value than

others in determining the firm's degree of profitability.

These analyses of balance sheet data support

the following statements:

l.

Financial data for highly profitable firms
differ significantly from the comparative
operating data of less profitable firms.
Some financial data variables have greater
significance than others in determining the
firm's level of profit.

And this significance can be measured.

A et e



CHAPTER VI

THE NEED FOR AND SIGNIFICANCE OF COMPARATIVE

OPERATING DATA IN PROFIT MAXIMIZING DECISIONS

Determination of Findings

Chapter I established the need for standards to
guide people in making decisions. The standards may be
goals to move toward or away from, whichever one wishes
to do. In industries, comparative data provide standards
which are generally used. The extent of this use was
illustrated by the United States Chamber of Commerce.

Without appropriate statistical studies as a
guide, many business enterprises would make about
as much progress as a blindfolded burro in a
revolving door.

The objective of this study has been to extract
more information from comparative data. This could aid
in obtaining greater profits rather than to have average
information which tends to guide one to average profits.

This need for maximizing information for management

is further illustrated in a review of current literature

Modern Day Trade and Professional Asgociatioms (Washington,
D.C.: Chamber of Commerce of the United States, 1964.

98
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where emphasis is on "best" procedures.? Peter D. Bennett's
survey® demonstrated the high level of interest of business
firms in better and more information to aid marketing
decisions. The survey of trade associations (Chapter II)
showed that industries have a very keen interest in compara-
tive operating data. Trade associations consider the
collection, processing, and redistribution of information
one of their prime functions. The major merchandising
corporations surveyed, all process, analyze, and use
comparative data. The literature supports the idea that
our state-of-the-art is such that we should now be able
to utilize more information. For example, EDP (Electronic
Data Processing) has generally been used for routine,
repetitive tasks. Kaplan' states, "The next level of
sophistication in EDP usage for business is in simulating
complex business systems and in employing mathematical
formulations (models) for analyzing business alternatives
(operations research)." Predictive models have been developed

and are illustrated in the writings of Cooley and Lohnes,?

6

Frank, Massey and Morrison,® Anderson,’ Rao,® and Schlaifer.?®

2kotler, op. etit. 3Bennett, op. cit.

“kKaplan, op. cit. Scooley and Lohnes, op. ett.
®rrank, Massey and Morrison, op. cit.

’anderson, op. eit. ®Rao, op. cit.

%schlaifer, op. ecit.
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Averaged comparative data, as has been generally
used by industries, has limited value to the profit maximi-
zer. The profit maximizer needs the following: (1) his
position defined in the industry, (2) goals for higher profit
levels indicated (3) information on what steps are necessary
in his operation to reach the new goals, (4) the order of
significance or priorities of action to reach the goals, and
(5) a measure of his progress toward these higher profit goals.

To construct predictive models which would accomplish

these ends, the following propositions were tested:

a. Comparative operating data for highly profitable
firms differ significantly from comparative
operating data for less profitable firms.

b. Some items of comparative operating data can
be identified as being of significantly greater
value in determining the firm's degree of
profitability than other items of comparative
operating data.

¢. Comparative operating data models can predict
the profitability of firms other than those
firms from which the model was made.

All these propositions were supported in Chapter IV
using operating expenses from National Automotive Parts
Association jobber's operating statements and Chapter V
using financial ratios from National Automotive Parts

Association jobber balance sheets.
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In the process of supporting these propositions through
multivariate techniques, an information model was structured
for analyzing the profit maximizing needs of a firm. The
model is best illustrated by applying it to the needs of

specific firms.

Application of the Profit Maximizing Model to Firms

Two examples of application of the model illustrate
its use. The first demonstrates the operating-expense model
approach to profit maximizing. The second demonstrates
the financial-ratio approach to profit maximizing.

l. Operating-Expense Model--Taking the most profit-

able firm from Quartile 3 in Sales Category I, Firm number
30-05, we have a fimmadjacent to the median operating profit
to sales ratio of 5.55 percent. Assuming the manager of
Firm 30-05 would like to attain greater profits, he could
make comparisons with operations of the most profitable
Quartile. The firms in Quartile 1 have operating profit/
sales ratios of 10.35 percent and up. As a first step,

the manager would compare his operating expense data with
the mean of operating expenses for Quartile 1 firms, the
most profitable group. This information is shown in Columns
l and 2 of Table VI-l.

In order for the manager of firm 30-05 to concentrate
his effort where potential results are greatest he would do
three things:

a. He would eliminate operating expenses with the

smallest difference between firm 30-05 and the



TABLE VI-1

OPERATING EXPENSE COMPARISON OF A SINGLE FIRM

TO A PROFITABLE QUARTILE MEAN

(Data expressed as a percent of sales.)

Col. 1 Coefficients
Fi:f:a Mean Minus for
Operating Expenses¥* 30-05 ile 1 1, 2 ile 1
(1) o NED i
Total Wages & Salaries 16.61 13.88 2.73 34.64
Advertising & Sales

Expense .61 .48 .13 11.73
Bad Debts .66 .26 .40 4.76
Car Expense-Sales -0- -0- -0- 12.41
Car and Truck Expense-

Delivery 1.75 .80 .95 8.37
Depreciation .67 .29 .38 .46%
Freight, Express, Parcel

Post and Postage .80 .72 .08*% 8.35
Insurance .93 .55 .38 -1.26*
Heat, Light & Water .55 .47 .08% 10.24
Rent (or Equivalent) 1.69 1.42 27% -1.54%
Office & Store Supplies

and Expense .78 .71 07* 5.02
Taxes .54 .87 -.33% 10.78
Telephone & Telegraph .94 .67 .27 15.46
Miscellaneous & General

Expense .06 1.87 -1.81% 3.76

*Indicates operating expenses to be amitted from reduced variable model.

cot
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mean of Quartile 1 fifms. See items marked with
an asterisk in Column 3 of Table VI-1l.

b. He would eliminate operating expenses with
negative values in Column 3, since negative
value indicates that he is performing as well
or better than the firms in Quartile 1.

c. He would eliminate operating expenses with very
small coefficients!® in Column 4, Table VI-1
(Absolute Values).

The significant operating expense variables remaining
in the model are those with the greatest probability of
producing results for management in increasing the profita-
bility of firm 30-05. See Table VI-2 for the reduced
variable model. The reduction in the original number of
variables has done three things for the manager. These
are as follows:

a. It has reduced his problem to more manageable

proportions.

b. It has set specific goals for action needed.

c. It has given him a measure of the importance
as well as the possibility of making changes in
each expense variable to gualify the firm for

increased profit.

19¢he meaning of this coefficient to the firm manager
is that its magnitude tells how much effect this expense varia-
ble has on profit. 1Its size also tells the manager the extent
to which data in Quartile 1 varied thereby influencing profit-
ability. It includes the measure of the change in effect
by all other operation expenditures when this expenditure is
changed. Statistically, the coefficient is a measure of the

among~group and within-group variance.
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TABLE VI-2

PROFIT MAXIMIZING REDUCED VARIABLE
MODEL FOR FIRM 30-05

Operating Expenses Goal* Coefficient
Total Wages & Salaries -2,73 34.6
Advertising & Sales

Expense + .13 11.7
Bad Debts - .40 4.7
Car & Truck Expense-

Delivery -. 95 8.4
Telephone & Telegraph - .27 15,5

Total = -3.95

*Data expressed as percentage of sales.
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Additionally, this analytical model may be used
to define the position of the firm 30-05 in the industry,
establish a goal for planned progress, and measure the
extent of progress at desired intervals. For example,
in Table VI-3, Firm 30-05 is approximately average
with a Z score of 160.37. To become as profitable as firms
in Quartile 1, this Z score must be reduced to 105.88--the
established goal. At the end of any accounting period, a
new Z score for firm 30-05 can be computed to measure the
firm's progress toward the established goal.

Note that the model is concerned with proper level
of expenditures, not just expense reduction. Table VI-2
shows tﬂét firm 30-05 will need to increase advertising
and sales expenses by .13 percent of sales to achieve profit
goals. The coefficient weight is reasonably large, 1ll.7,
which indicates that advertising is important in its total
effects even though the proportion of expenditure is small.

This analytical model has many other uses. For
example, if a firm is not properly assigned by its 2 score
to the group.representing the firm's profit margin, the
model will define for management the irregularities between

the firm's operating data and the quartile's operating data.
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TABLE VI-3

Z SCORE* MEASURE OF FIRM 30-05

Mean Firm 30-05
Sales Category I Z Scores Z Scores
Group 1 105.88 (105.88 Goal)
Group 2 149.44
160.37
Group 3 175.89
Group 4 220.33

*Refer to page 38 for Z score formula.

I DY)
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To illustrate, firm 01-61 in Sales Category II had an opera-
ting profit/sales ratio compatible to Quartile 2, but the model's
Z score for 01-61 shows that this firm has operating expen-
ses comparable to firms in Quartile 4, the least profitable
quartile of firms in this sales category. To guide management's
decisions, the analytical model provides the information in
Table VI-4. It is interesting to note that advertising for
01-61 was .33 percent of sales compared to the mean of
Group 2 which was .48 percent of sales. Firm 01-61 should
examine its operating expenditures because the model indi-
cates that this firm is spending 31 percent less for adver-
tising than other firms in Quartile 2, and spending considerably
more on wages, bad debts, and freight. The coefficient
weighted product in Table VI-4 is an indication of the level
of importance of each expense variable to management. With-
out this systematic analysis and weighting system, management
could easily overlook advertising. It is a small expendi-
ture item, but it is the second most significant operation
expenditure. The model indicates a strong probability that
profit will increase with some increase in advertising
expenditures, the basic assumption being that increased
advertising would produce results comparable to similar
firms. Management's priorities for opportunities to increase
profits by reducing operating expenses are (1) bad debts,

(2) wages, and (3) freight, in that order.
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TABLE VI-4

COMPARISON OF QUARTILE 2 WITH FIRM 01-61

1 2
Coefficient
01-61* Weighted
Most Significant Minus Product
Operating Expenses Group 2 Coefficient 1x2
Total Wages +2.16 1.16 2.50
Advertising & Sales
Expense - .15 10.59 -1.59
Bad Debts +1.44 9.70 13.968
Freight + .70 .68 .48

*Information is expressed as a percentage of sales.

— .
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2. Financial Ratio Model--As with the operation !

expenditures model, a firm may use the financial ratio model

to further structure its efforts to increase profitability.

Firm 12~-04 is the top firm of Quartile 3 in Sales
Category 5. It has a 25.1 percent return on investment -
which is approximately average for firms in Sales Category
5. To make this firm more profitable, management could
make comparisons with the operation expenditures of Quartile
1 which has returns on investment of 33.4 percent and up.
See Table VI-5.

The manager of firm 12-04, to concentrate his efforts
where they can be most productive, should eliminate the
financial ratios with a combination of small values in
Column 3 and small coefficients, Column 4, in Table VI-S.
These ratios are indicated by an asterisk. The ratios which
remain are those most likely to produce results for manage-
ment in their efforts to increase return on investment for
firm 12-04. The better defined reduced variable problem is
shown in Table VI-6.

This reduction in the number of ratios has reduced
the manager's problem to manageable proportions and indica-
tes the specific changes required to attain planned goals.
The coefficients of significance indicate the importance
of ratios as well as the possibility of making the changes.
The absolute size of coefficients aids in establishing the

priority of actions by the management. An incremental



TABLE VI-5

FINANCIAL RATIO OOMPARISONS

Colum Number .1 2 3 4
Difference
between
Col. 1 Discriminat
Firm Mean and Coefficients
Financial Ratios 12-04 Quartile 1 Col. 2 Group 1
Operating Profit/Net Sales 0.046 0.070 +.024 -635
Operating Profit/Total Assets 0.154 0.203 +.049 388
Sales/Total Assets 3.368 2.890 -.478 -99
Oost of Goods Sold/Average

Inventory 4.307 4.069 -.238 57
CQurrent Assets Minus Current

Liabilities/Total Assets 0.466 0.595 +.129 41} -
Current Assets Minus Inventory*

/Current Liabilities 0.830 1.320 -.490 -3
CQurent Assets/Current*

Liabilities 2.209 3.311 -1.102 0.4
CQurrent Liabilities/Net Worth* 0.627 1.002 -.375 6
Inventory/Net Working Capital 1.140 0.880 -.260 275
Total Debt/Net Worth 0.627 2.661 +2.034 -12
Long Term Debt/Total Assets 0.0 0.304 +.304 124
Retained Earnings/Total Assets* 0.0 0.130 -.130 11

0TT

*Ratios least likely to be of significance to management.
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TABLE VI-6

REDUCED VARIABLE MODEL FOR FIRM 12-04
TO ATTAIN RETURN ON INVESTMENT

EQUAL TO FIRMS IN QUARTIIE 1

Coefficients
of

Financial Ratios Required* Significance
Operating Profit/Net Sales +.024 -635
Operating Profit/Total Assets +.049 388
Sales/Total Assets ~-.478 -9
Cost of Goods Sold/Inventory -.238 57

Current Assets minus Current

Liabilities/Total Assets +.129 411
Inventory/Net Working Capital -.260 275
Total Debt/Net Worth +2.034 -12
Long Term Debt/Total Assets +.304 124

*From Colum 3, Table VI~-5,
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variable analysis can be developed by the model as shown
in Table VI-7. The incremental 2 score of 37.2 indicates
that the use of debt financing in Quartile 1 is a very
significant contributor to a high return on investment,
and likewise the 14.3 score for Group 4 shows the risk

of using debt financing. Debt financing has less signi-
ficance in Groups 2 and 3.

A similar analysis of operating profit to net sales
ratio illustrates that the second most profitable group
has a mean operating profit of 7.6 percent, but that for
firms in Quartile 1 the operating profit is 7.0 percent.
This indicates that sufficiently more sales can be obtained
at 7.0 percent than at 7.6 percent margin such that the
rate of return on investment is increased.

These analytical models provide profit maximizing
information to management which can be used to:

a. Define the firm's relative position in the

industry.

b. Establish specific management goals to attain

higher profit levels.

c. Reduce the number of problem variables to more

manageable proportions.

d. Indicate the steps necessary in the firm's opera-

tion to reach profit goals. ‘
e. Denote the significance and priorities of the

steps {0 reach profit goals.
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TABLE VI-7

THE LONG TERM DEBT TO TOTAL ASSETS RATIO ANALYSIS

Quartile Opartile sl e
1 .30 124 37.2
2 .05 116 5.8
3 .08 101 8.1
4 .12 119 14.3
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f. Provide 5 standard numerical value that indi-
cates management's progress toward desired goals
at each accounting period.

Chapter One showed that comparative data used by
industries are usually in the form of operating state-
ments, balance sheets, and the data that are signifi-
cant and unique to the specific industry. The applications
made in the study were with the first two forms of data.

The information value from the model can be extended by

applying it to other data significant to a specific industry.

Additional Research Interests

Observing the applications of the model illustrated
above, many areas of interest develop.

The manufacturers and regional distribution corpora-
tions in the National Automotive Parts Association may be
concerned as much with jobbers attaining high level sales
goals as profit goals. The model needs to be applied to
the comparative operating data to provide managemént infor-
mation for maximizing sales.

Gross margin is a significant operating variable,
and a model should be structured to show gross margin
relationships and responsiveness to operating expenditures
and operating profit.

The accuracy of the model is dependent upon stan-

dardization and accuracy of accounting procedures. Studies

Pt 4 e mna ks



115
to reduce accounting errors and/or measure and compensate
for them within the model would improve its predictability.
Comparative data reflect at least indirectly the
influence of pressures both internal and external to the
firms represented, because the firm must operate within
its environment. However, the extent to which pertinent
data on external variables can be more directly measured
and introduced into the model may increase its value to
management. Some of these external variables which might
be a source of productive study are as follows:
a. Economic and geographic conditions in the
firm's trade area.
b. Sociographic variables such as size of family,
habits of people, and the like.
c. Psychographic variables to measure how people
would respond to management's decisions.
Some of the studies suggested may be reasonably
attainable. Some will be very difficult. Each addition
of significant measurable variables increases the probability

of accurate model predictions.
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APPENDIX A

THE NATIONAL AUTOMOTIVE PARTS ASSOCIATION (NAPA)



The National Automotive Parts Association (NAPA)

The National Automotive Parts Association is a major parti-
cipant in the autamotive after market. The NAPA system is supported
by resources totaling more than a billion dollars. Each participating
firm is financially and legally independent of the others. Partici-
pation is on a voluntary basis. NAPA is composed of the following
groups:

A. A group of separate warehouse corporations who

collectively operate 56 NAPA Distribution Centers
in major cities throughout the United States.

B. A production establishment composed of 35 independent
mamufacturers who distribute exclusively NAPA products;
50 manufacturers whose lines are distributed by
NAPA Distribution Centers but not exclusively;

(i.e., the Balkamp Company owned and operated by
NAPA distribution centers which procures, processes,
and distributes through the NAPA channels 10,000 line
items from 350 manufacturers.

C. A total of 4,215 independent associated jobbers who
sell the NAPA nerchandise to car dealers, independent
garages, service stations, fleets, and do-it-yourself
‘custaners. (These johbers are distributed throughout
the United States in both urban and rural areas.
Sixteen are in Hawaii, five in the Bahamas, and sixteen
in Mexico. These jobbers contract to distribute the
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NAPA merchardise in their area in exchange for the
services supplied by NAPA. This is a working contract
with no monetary exchange for the franchise.)
The NAPA association headquarters in Chicago, which
coordinates ard assists the functions of the board of
directors, 16 operating caommittees, and the manufacturer's
council. It also represents NAPA before automotive,
industrial, and govermmental groups, provides full-time
sales training programs for jokber salesmen, conducts
studies of new and existing price structures, provides
inventory control systems, carries on marketing research,
and performs other similar activities.
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FORM USED FOR SURVEY OF INDUSTRIES ABOUT

COMPARATIVE OPERATING DATA
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NAME OF ORGANIZATION .

PERSON TO WHOM BRIEF OF THIS RESEARCH SHOULD BE MAILED:

NAME

ADDRESS

Number of firms from which comparative data is collected .

Number of firms to which the comparative data is redistributed after it is
analyzed .

Is comparative data collected on standardized forms? Yes No .

Please write below how collected data is processed for redistribution to firm
managers. (Such as: averaged, sorted by size, sorted by profitability, infor-
mation on any techniques used to maximize information from data to improve
management.,)

Additional comments you may feel to be significant in this area of research.

If restriction of organizational identity is required, please so indicate and
your desires will be followed.
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NATIONAL HOME FURNISHINGS ASSOCIATION
1969 OPERATING RESULTS
TOP PROFIT STORES OOMPARED
TO ALL STORES

Medium-Size Stores
($250,000-$500,000)

Medium-to-Large Stores
($500,000-$1 million)

Large Stores
(Over $1 million)

All Top %
Stores Profit Stores

All Top %
Stores Profit Stores

All Top %
Stores Profit Stores

Net profit before

income tax 5.86% 11.06% 4.21% 10.07% 5.43% 12.39%
Net profit from

operations and credit

service 7.33 11.07 4.70 10.07 6.99 13.56
Total operation

expenses 36.41 34.57 40.93 34.52 39.76 38.37
Sales increase (1969

over 1968) 5.22 6.01 2.50 2.50 4.41 2.50

Source:

National Home Furnishings Association Special Report, July, 1970.

8¢CT
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NATIONAL RETAIL HARDWARE ASSOCIATION
COMPARISON BETWEEN 1/3 STORES WITH
THE HIGHEST TOTAL EARNINGS
AND THE 2/3 MAKING UP THE
BALANCE
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NATIONAL RETATL HARDWARE ASSOCIATION
COMPARISON BETWEEN 1/3 STORES WITH
THE HIGHEST TOTAL FARNINGS
AND THE 2/3 MAKING UP THE

BALANCE
1969
Profit Makers Remaining 2/3

StOrES.cecevsocsccsasssscssscsnsscas 259 523
Stores Offering Installment Sales... 27% 21%
Current Year's Sales vs. Previous

YEaY e eceeseesseccrascscsassssccnas 107.90% 104.81%
Average Sale per Customer........... $ 3.70 $ 3.92
Total Sales Less ReturnS.eeececccces 100.00% 100.00%
Cost of Goods SOldeceeeeeccccsasnans 65.85 68.30
MAYgin..ceeeceeceseosvcacssccscaccnnns 34.15% 31.70%
PAID OUT IN SALARIES

To Owners and ManagerS.eeeceescscss 6.90 8.00

To Salespeople, Office & Other.... 9.90 11.30
TOTAL PAID QUT IN SALARIES...ceeseee 16.80 19.30

OTHER QOSTS OF DOING BUSINESS
Office Supplies & Postage.........
'Ibleplnne& Telegraph.eeecesecsceces
Losses on Notes & AccountS....ce..
Delivery Expense (Other than Wages)
Depreciation-Delivery Equipment...
Depreciation-Furn., Fix., & Tools.

m‘t.....llI.c.'ol.'.ol..l...ol.lc

Heat, Light, Water, Power.....ce..

Taxes* (Excluding Fed. Inc. Tax)..

Interest on Borrowed Money*.......

Unclassified--Incl. Store Supplies
TOTAL EXPENSE (Not incl. interest

HFOFFOONMNOOOOOOMO
L[]

DRWBRHEHEOFOBMNMOANMIWOWMD

ooouutunooocoutuniowum

F"OHOOON.OOOOOOHO
DO HWO E W WO U

ouunrouvtoocoococouioutoun

on investment)...ceceeecascsccanse 26.80 31.15
mPmE‘IT...‘OCOOOCOO.....‘."'.". +7.35 +0.55
Cash Discount & Other Earnings...... 1.70 1.50
TOTAL EARNINGS (before Fed. Inc. Tax) +9.05 +2.05
PROFIT ON INVESTMENT (Not incl. R.E.) +20.95 +5.85

*Not including amounts paid in connection with real estate ownership.

Source: Management Report, National Retail Hardware Association,
Indianapolis, Indiana.
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Profit Makers =~ = 2/3
ACTIVE OWNER'S RETURN ON

INVESTMENT (Not incl.

RoEo)ooooo-ocoo-ouoo--nonoocoo-ooo +36.90 +28.60
Salary per year per Owner or Manager $7,800 $7,895
Salary per year per Salesperson..... 4,515 4,730
Salary per year per Office Employee. 4,015 4,255
Salary per year per Other Employee.. 3,740 4,220
Salary per year per Employee

(not owners Oor ManaAgers) cceeeeccess 4,500 4,635
Sales per year per person employed.. 34,165 30,980
Average Selling Area Size in

Square Feet.ceceeescosccceccsccnns 3,500 3,500
Sales per Square Feet.ccececsecccsee $45.77 $46,22
Merchardise Inventory per $10,000

Of mes...'...Q'...........I..... 2’690* 2'830*
Average Stock Turn TiMeS.cccecccscee 2.45% 2.45
mt &leSCDDSOOQQIOIOCDDIOI...I.. 35% 40%
Average Accounts Receivable Collection] 69.5 Days 86.1 days
Average Capital Turn TimeS...ccceveee 2.35 2,95
Current Asset RatiO..ceecccecccasccs 10.68 5.98
Total Debt to Tangible Net Worth.... 14.98% 28.25%
Rent Cost per Square FOOt...eececees 0.849 =
Sales to Inventory RatiO...ceccecess 3.81 3.61

*[gic]



APPENDIX E

QUESTIONNAIRE FORM USED FOR PERSONAL INTERVIEW
OF AUTOMOTIVE PARTS JOBBER MANAGERS TO DETERMINE THE
EXTENT TO WHICH THEY USE COMPARATIVE OPERATING DATA
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FIRM: DATE:

PERSON INTERVIEWED:

TITLE:

Are you familiar with the annual consolidated NAPA Jobber
Operating statements?

Do you compare your annual operating statement with these
operating statements for firms with sales approximately equal
to your sales?

What value has this comparison of operating statements had
for you?

Have you used this information on jobber operating costs to
make decisions on how to operate your business? How?

Which items on the operating statement were you most inter-
ested in comparing and therefore seemed to be of the most
value to you?




APPENDIX F

SUMMARY OF SURVEY OF USE OF COMPARATIVE OPERATING DATA
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SIMARY OF SURVEY COF USE OF QOMPARATIVE OPERATING DATA
BY JOBBER MANAGERS

Do You Operating
Are you Carmpare Your Value Statement
Jobbexr Familiar With Fim's Data Received Items Most
Manager NAPA Comparative With NaPA From Frequently
Nuber Stataments? Data? i Comparison Conpared
1 Yes No
Labor, Rent,
2 Yes Yes Limited Value Utilities o
(8,
(Vexy Limited
3 Yes Yes Value) Labor, Rent
. Gross Profit, Rent,
4 Yes Yes Limited Value Labor
5 Yes Yes Real Value Rent, Labor, Stock Turnover
6 Yes Yes Limited Value Gross Profit, Labor
Advertising, Rent, Bad
7 Yes Yes Real Value Debts, Labor
8 Yes Yes Limited Value Labor
9 Yes " No




APPENDIX G

LETTER OF INSTRUCTIONS TO NAPA JOBBERS
ON HOW TO COMPLETE COMPARATIVE DATA FORMS
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NATIONAL AUTOMOTIVE PARTS ASSOCIATION
29 East Madison Street
Chicags, Illinois 60602

NAPA JOBBER FINANCIAL REPORT FORM
For the Year 1969
(or Fiscal Year Ending in 1969)

Instructions:

Please insert the figures from your profit and loss statement
that correspond to the items listed in this form and return just
as soon as possible to your NAPA Warehouse.

Wherever your statement breaks cost items down into more
detail, combine the cost figures of the detailed items and

insert them in the appropriate listing. For example, if bonuses
and commissions are paid on sales and listed separately, they
should be combined under  salaries,

Shop labor sales should be separated, if possible, as well as
the related direct shop expenses and entered on the proper lines.

Reasonable estimates are permissible on any breakdown of the
individual items provided the amounts are marked "Estimate."
If you have no expense for the items listed, you should so
indicate by inserting the word '"None'" or '"O" on thag line.

A well prepared report by you will product excellent results
when consolidated with those received from other NAPA jobbers
and the reported results will prove to be real valuable to you
in m3sking compearisons with others,

NATIONAL AUTOMOTIVE PARTS
ASSOCIATION
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REPORTING FORMS FOR COMPARATIVE OPERATING DATA

USED BY NAPA
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11.

13.
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CALENDAR YEAR 1969
OR FISCAL YEAR ENDED IN 1969
(Indicate Beginning and End of Year )

FINANCIAL OPERATING STATEMENT

INCOME

NET SALES--MERCHANDISE '
Include sales of parts and merchandise less sales credits issued
for adjustments and returned material (including cores)....c....

SHOP LABOR SALES
Include labor sales less labor sales creditS.cccevececccesccecsce

TOTAL NET SALES
(Enter toul of lineslam 2)..".......l.....l'.".lll.il..l"

COST OF GOODS SOLD
Include cost of parts and merchandise sold less credits
received for returned material and rebateS...cccecesccocccncecns

COST OF SHOP SALES ‘

Include shop salaries, wages and bonuses, shop supplies, depre-
ciation on shop equipment, shop tools, electric power and gas
and any other direct eXpenSe....cccceceecscscvcecoccsccvscssncsns

6. Number of Shopmen

TOTAL COST OF SALES
(Enter mulof lines4m5)...l.................'.O.......‘.'

GROSS PROFIT

(Enter difference between 1lines 3 and 7).cccccecccsccsccccsosces
EXPENSES

MANAGERS' SALARIES (Or Owners' Withdrawals)

If sold proprietorship or partnership, enter amounts drawn by

owner or managing partners. If corporation, enter amount paid

tO executive mgu-.o...........ll.l.lc...l..l....'.c'.l..o...

10. Number of Managers

SALESMEN'S SALARIES, WAGES and COMMISSIONS
Include all payments to outside salesmeN...cessscvescccsscsssses

12. Number of Outside Salesmen

ALL OTHER SALARIES AND WAGES
Include all payments to store, stock, delivery and office
employees (but exclude those related to the shop and entered

in 1ine 5).l..I............'l....l...'.........Il..............l




15.

17.

18.

19.

20.

21.

22,

23.

24.

25,

26.

27.
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14. Number of all other Employees

TOTAL WAGES, SALARIES and COMMISSIONS...cesoescosccsessescscacannscs

16. Total Number of Employees

ADVERTISING AND SALES EXPENSES
Include advertising, clinic and sales meeting expenseS...cccccececs.

BAD DEBTS
Include uncollectible accounts charged off or addition to reserve
for bad debts less any reCOVEri€S....seceseccscececcssoscccnsasnons

CAR EXPENSE--Sales

Include operating, maintenance and repair costs and depreciation
on all autos used for sales work including any allowances to sales
men for use of their CarsS.c.ccececccesccsescsnvsscsssscsssssscccecne

CAR AND TRUCK EXPENSE--Delivery

Include operating, maintenance and repair costs and depreciation
on all vehicles used for delivery (except costs on vehicles
devoted to sales work and entered on line 19 above)....ceeceeenees

DEPRECIATION
Include depreciation on bins, fixtures, and office furniture (?ut
exclude depreciation entered on lines 5, 19 and 20 above and line

25 bElOW).............-.--...............-..---.....-..-...--.....

FREIGHT, EXPRESS, PARCEL POST and POSTAGE

a. Incoming (include all costs of incoming freight, parcel post
And POStATE) crsescoorasscaatasssesacansosaconsnnssccsssansaccsse

b. Outbound (include all costs of outbound freight, parcel post
and POStLAGE) ceeeerersescccacacacsssassssonssccsossssvanscanane

c. Freight Allowance (include total amount of allowance earned)..

d. Total Freight (Subtract ¢ from a and b above) cececceecccccecss

INSURANCE

Include all fire and casualty, public liability, workmen's compen-
sation and other insurance premiums (except life insurance
premiums on officers or partners 1lives) ...ccceoccecsaccccccccscccns

HEAT, LIGHT and WATER

Include electric and gas (except prorata portion allocated to the
Shop) heat and water expenses'......'.l.'."..I.Oll....l‘.....'...

RENT (or Equivalent)

Include building rental or if owned outright the equivalent of all
costs of repairs, maintenance, real estate taxes, and depreciation
on building and improvements......cviseesescccccocsoscssccsccsoncss

OFFICE and STORE SUPPLIES and EXPENSE
Include stationery, printing, paper bags and boxes, cartons and
miscellaneous items used in the store and office....cccccececccanse

TAXES
Include all taxes paid to local, state and federal government tax
authorities (excluding income taxXeS)....cceceeccaveasccccccsccaces

l




28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.
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TELEPHONE AND TELEGRAPH
Include all T & T costs including those charged to customerS..eeee.. $

MISCELLANEOUS or GENERAL EXPENSES

Including handling or service charges; repairs and maintenance of

store and office equipment and fixtures; legal, accounting and
collection expenses; travel and entertainment expenses; dues, sub-
scriptions and donations and other general exXpenses.......eeeseesese §

TOTAL EXPENSES
(Enter totals of lines 15 to 29 inclusive)....cceeevececrenscecesees $

OPERATING INCOME
(Enter difference between line 8 and 1ine 30) ..eveeeceeccccncsscenee S

OTHER INCOME and EXPENSES

OTHER INCOME
Include discounts earned, interest earned, gain on sales of fixed
assets, scrap sales, etc...iiveeevrnnceresnsccccesoscscoctocensacccas 5

OTHER EXPENSES
Include discounts allowed, interest paid, loss on sales of fixed

aSSEtS; etC........oo.---............»--.-o--.o...-....-............ $

NET PROFIT BEFORE INCOME TAXES
(Enter total of lines 31 and 32 and subtract 1ine 33).eseecesecsceas S

If this is a consolidated report of branch jobbing operations, enter
here the total number included in the above report .

BALANCE SHEET

A copy of your balance sheet as of the clcse of your fiscal vear ending in 1969
would be appreciated for the purpose of determining various financial ratios
including the rate of inventory turnover. 1Indicate if balance sheet is submitted:
Yes No

If a Balance Sheet is not submitted, please provide the following:

a. Average Inventory

b. Net Worth or Investment at
beginning of year

Name of warahouse sexving you:s . _ . e ettt

To compile this information geographically, please state your location below
(names are not required)

City

County and State

et i



APPENDIX I
PART 1~MULTIPLE DISCRIMINANT ANALYSIS
PROGRAM BMDOS5M AS ADAPTED FOR THIS STUDY

PART 2-AN EXPLANATION WHY FACTOR ANALYSIS WAS
NOT USED TO REDUCE THE NUMBER OF VARIABLES
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PART CNE

MULTIPLE DISCRIMINANT ANALYSIS PROGRAM
BMDO5SM 1*

l. GENERAL DESCRIPTION ‘ 1

a. This program directs the computation of a set of
linear functions for the purpose of classifying
an individual into one of several groups. The
input data consists of a set of observations for
each of the classification groups; each observation
consists of the values of a set of variables, and
each observation contains a value for each of the
variables.

The group assignment procedure followed is derived
from a model of a multivariate normal distribution

of observations within groups such that the covariance
matrix is the same for all groups. An individual

is classified into the group for which the estimated
probability density is largest. The equivalent
computational procedure followed evaluates the
computed linear function corresponding to each of

the groups and assigns an individual to the group

for which the value is largest.

The hypothesis that group means are the same is
tested.

b. Output for this program includes:

(1) Mean scores

(2) Matrix of cross-products of deviation from means
(3) Dispersion matrix

(4) Inverse of dispersion matrix

(5) D=-square statistic

1%aAdapted from W. J. Dixon, Biomedical Computer Programs
(los Angeles: University of California Press, 1970), p. 198.
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(6) Coefficients and constants

(7) Evaluation of classification function for
each case

(8) Classification

¢. Limitations per problem:

(1) g, number of groups (2<g<5)

(2) p, number of original variables (g<p<10)

(3) , sample size or number of cases in any one
g%oup (nl<l75)

(4) t, number of Transgeneration Cards (0<t<99)

(5) q, number of variables added to the original
set after transgeneration (-9<g<25) g<(p+q)<25.

d. This program allows transgeneration. Transgeneration
cards were used to increase the number of variables
in the program to eighteen.

2. DATA INPUT
Data are symbolized by xijk’ where i refers to group,
j refers to the firm, and k refers to variable.
The sample size may be different from one group to another,
but the number of variables must be the same for all groups.
The form of the input data is illustrated in the follow-
ing example:
Variables
Firm 1 2 3 etc.
1 *1,1,1 *1,1,2 *,1,3
Group 1 2 xl,2,l x1,2,2 xl'2’3 oo
“ tC. c o0 s s a0 e )
1 *2,1,1  *2,1,2  *2,1,3
; Group 2 2 x2,2,1 x2’2’2 x2’2’3 oo
etc. s @0 e e o L N N ) e e 0

etc.
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3. COMPUTATIONAL PROCEDURE !5 16

The data are to be prepared in the form

i=1,2,...,9 group
xijk j=1,2,...,n; case or jobber
k = 1,2,...,p¥q variable
where g = number of groups h
n,= sample size in the i group
p+q = m = number of variables.

Step 1. Transgenerations are performed by use of the
transgeneration cards. Let m = number of
variables after transgeneration.

Step 2. The means of variables considered within each
group are computed. They are denoted by:

(xi.l' Xi g0 o o ey xi.m)’ i=1,2,3,4.

Step 3. The matrix S,, the sum of products of deviation
from mean, i5 computed for each group.

= i j = l'2,...'m
5i =85%)  k=1,2,...m
n.
i i
where sy = I (Sigj - si.j) (Si0k - s, k)
=1 1.

Step 4. The pooled dispersion matrix D, based on the

matrices Si i=1,2,...,9, is computed.
’

18y, J. Dixon, Biomedical Computer Programs (Los Angeles,
California: University of California Press, 1970), p. 200.

167, W. Anderson, Introduction to Multivariate Statistieal
Analysis (New York: John Wiley & Sons, Inc., 1958),
Section 6.7ff.



Step 5.

Step 6.

Step 7.
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The pooled dispersion matrix D is inverted
using an inversion routine prepared by Rocket-
dyne, a division of North American Aviation.

The matrix DD_l is computed as a check on the
accuracy of the inverse.

Common means:

(g )/(g )
. n,x, . n
o] 2=lz 2.3 2=lz

x
"

where j =1, 2,...,m

Generalized Mahalanobis D2 Statistic, V:

P q -1. 9
V= §=l i=l (Dyp) i=ln2(x2.a X, .a) Kg p7%, )

V can be used as chi-square (under assumption
of normality) with m (g-~1) degrees of freedom
to test the hypothesis that the mean values
are the same in all the g groups for these m
variables.

Th%hcoefficients and constant are computed in
i* discriminating function, i* = 1,2,...,9.

.th -1
m
Then coefficients, C.., = X
Ji =1 950%i .0
m n
constant, Cyiy = = X Z z dor ¥ 0%5.r

kN et oot rmnn



Step 8.

i*
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the i“‘th discriminating function is given by

Eiw (23, Zpr eeer 2p) = E Z2)Cpiu + Cpia

ot3

=1

For each group i, the following table is pre-
pared giving each i* discriminating function
evaluated for each data point.

Function No.
Largest for Largest
2 . . . g "Probability" "Probability"

Te o ¢ =

Step 9.

For each j

P.

e (£js-max £.,)

: (£, y—max fi;)
e

The table is prepared as follows : the value of
each of the g discriminating functions is computed

for the first observation (xill, Xiqp7 veer silm)

of the ith group. The g values obtained are
located in Columns 1 through g of the first row.
The largest number of this set of values is
printed in the column headed "Largest Probability."
Finally, the number of the function that gave

the largest value is indicated in the last

column. The second row of thetﬁable is obtaine
using the second case of the i group. The
process continues until all n, rows are completed.

If the experi@ﬁntal groups are widely separated,
then in the i table the last column will con-
tain mostly the value i.

To summarize the tables computed in Step 8, the
classification matrix B is computed.

B = (bij) i=1,2,e00p97 3 =1,2/0.449
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The first row of the matrix B tabulates the largest
function nurbers appearing in the last colum of the
first table, namely for the group 1 computed in
Step 8. The second row shows the tabulation of the
second table and so on to the last table. Diagonal
values show assignment to correct classification.
Off diagonal values show errors in classification

assignment.

T




149

PART TWO

AN EXPLANATION WHY FACTOR ANALYSIS WAS

NOT USED TO REDUCE THE NUMBER OF
VARIABLES

Ideally, it would be desirable to use the rotated

factor matrix (varimax) to reduce the number of variables

to be used as input for the multiple discriminant analysis

program, but this procedure was ruled out for the follow-

ing reasons:

l.

The statistical error in coefficients in the
factor analysis program when combined with the
statistical error in the multiple discriminant
analysis coefficients would compound total

error introduced into the model.

To combine variables as grouped by factor
analysis requires assignment of new names to the
combined factors. This reduces the value of the
data to management as exemplified by the

Federal Trade Commission surveys of industries
of 1941 in which the data were so general in
nature that they had little value for problem
solving. The goal of this study was to locate
those specific variables with greatest signi-

ficance to management.
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By staying with the multiple discriminant analysis
program, the input can remain in raw data form
which simplifies interpretation. It also makes
it possible to use the discriminant values in
the model for direct application to operating
data of any individual firm in determining those
variables of greatest significance in maximizing

the firm's profit.




APPENDIX J

EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS ON '
OPERATING STATEMENT DATA

Sales Category I



EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS QN
OPERATING STATEMENT DATA

(sales Category I)

Probability Associated
With Largest Largest
Firm Discriminant Group Group No.

GROUP 1

0.83837
0.99741
0.94113
1.00000
0.99869
0.98700
0.95408
0.99685
0.99165
0.98405

QWYWOoO~Ia Ut WwivHE
Y el el il

[

0.67246 3
0.74834 2
0.92753 2
0.89828 1
0.64643 1
0.98256 2
0.98268 2
0.96499 2
0.99995 2
0.88651 2

owvwoo~NOUEWN

=

0.96565 3
0.86236 3
0.98088 3
0.52609 3
0.58793 3
0.96057 3
0.47070 3
0.86355 3
0.99461 3
0.87876 3

CWVWONONULT& W K-

s
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0.67359
0.99701
0.80903
0.64486
0.99940
0.99515
0.99757
0.99996
0.99735
0.99867

OWOONAUI W
B A IS

[




APPENDIX K

EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category II




EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPIE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category II

Probability Associated With Largest
Firm largest Discriminaht Group Group No.

GROUP 1

0.87215
0.98011
0.79567
0.91006
0.90151
0.99799
0.96554
0.39059
0.96369
10 0.52873
11 0.57308
12 0.96651

WO & WM -
N N al al al el ad

1 0.63899 4
2 0.69458 2
3 0.83702 2
4 0.75384 3
5 0.42490 2
6 0.89748 2
7 0.89274 2
8 0.54018 1
9 0.66587 2
10 0.66962 2
1l 0.72270 2
12 0.87788 2
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. D D TS WP T . S W S P P ST P GEP Smb D AP S i S VD U D G RS S S G Ve G S D GED SED TEP GNP GEP SED W GRS e W SEE GED WS GV TN G B b W S WS

1l 0.98650 3
2 0.63968 3
3 0.87057 3
4 0.73432 3
5 0.46428 2
6 0.81765 3
7 0.37748 2
8 0.94648 3
9 0.91557 3
10 0.98419 3
11 0.80808 3
12 0.95397 3

0.90617
0.70043
0.47179
0.97062
0.50287
0.38405
0.95348
0.99339
0.66335
0.97871
0.75205
0.97001

WO WNDE
b B R R W W N

=~
VO




f

AWV T N e T e T T

APPENDIX L

EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category III




EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category III

Probability Associated With
Largest Discriminant Group Group No.

-l

1.00000
1.00000
0.99998
1.00000
1.00000
1.00000
1.00000
0.99997
0.99943
1.00000

CVONAUIEWN
el el e e

|—l

1.00000 1
0.99999 1
1.00000 1
0.99975 4
1.00000 1
0.80271 4
0.98326 1
1.00000 4
0.99931 4
0.99906 1

- — . ST G P S GED I Gul IS GHE VS GED S G D G ED D D IR W I D GED S D D G GRS YEP D I G YD M G D G G - Y G SAD G D S GED M R GRS AU WUP S G =

CWVWONAAWULIEWNH

=

158



159

D G D S —— T D PR W = —— T S Y S T G G G W W VS W - G —— V. P = - - = . - 0P W —— - - -

GROUP 3

1l 0.98109 1
2 1.00000 1
3 0.62441 3
4 0.62441 1
5 0.97625 3
6 0.99974 1
7 0.93793 1l
8 0.94482 1
9 0.68077 3
0 0.94687 1

GROW 4

1l 1.00000 4
2 1.00000 4
3 0.99466 4
4 0.98810 1
5 1.00000 4
6 1.00000 4
7 1.00000 4
8 1.00000 4
9 1.00000 4
0 1.00000 4

S Y S D G D G IO S e G D G D D D G5 G G S S SR S G S S D SHR D GED GED D G Sl S S S T G GUD GED G D S I GV D GAD D Ee S EUS G =




APPENDIX M

EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category IV



EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Sales Category 1V

Probability Associated With Largest
Firm Largest Discriminant Group Group No.

GROUP 1

0.97644
0.99844
0.63252
0.96110
0.79039
0.86901
0.98998

~SAUHSE WN =
W=

1 0.89944 1
2 0.99592 2
3 0.99538 2
4 0.98808 2
5 0.99997 2
6 0.44673 1
7 0.99346 2

1 0.96600 3
2 1.00000 3
3 0.99982 3
4 0.99593 3
5 0.98072 3
6 0.99993 3
7 0.99999 3

1 0.99860 4
2 0.99079 4
3 0.99878 4
4 0.88321 4
5 0.92587 4
6 0.99964 4
7 0.55242 4
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Sales Category V




EVALUATION OF CLASSIFICATION GROUP FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS
ON OPERATING STATEMENT DATA

Salesgs Category V

Probability Associated With W Largest
Largest Discriminant Group Group No.

i

0.52753
0.94431
0.63811
0.98953
0.80402
0.97534
0.31731
0.92252
0.95592
0.44722
0.84083
0.54192
0.93800
0.97827
0.50405
16 0.95690
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GROUP 2

0.56754 2
0.59702 2
0.55750 2
0.43222 2
0.86347 2
0.49909 3
0.58808 2
0.43350 3
0.58524 2
0.72590 1
0.88406 2
0.62302 3
0.54421 4
0.29178 1
0.38108 1
16 0.74940 2
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(Continued)
GROUP 3
1 0.60612 4
2 0.53298 4
3 0.51825 3
4 0.34802 1
5 0.72195 1
6 0.55101 2
7 0.66888 3
8 0.68682 3
9 0.37788 4
10 0.41324 1
11 0.97745 1
12 0.43178 1
13 0.94742 3
14 0.48160 3
15 0.71646 4
16 0.59972 4
GROUP 4
1l 0.58791 2
2 0.70717 4
3 0.99965 4
4 0.58939 4
5 0.47403 4
6 0.66208 4
7 0.79605 4
8 0.99110 4
9 0.91623 4
10 0.81104 4
11 0.87016 4
12 0.86750 4
13 0.98002 4
14 0.89753 4
15 0.99642 4
16 0.70309 4




APPENDIX O

MULTIPLE DISCIMINANT COEFFICIENTS,
SALES CATEGORY I, UP TO $100,000 ANNUAL SALES

[



991

MULTIPLE DISCRIMINANT COEFFICTIENTS,
SALES CATEGORY I, UP TO $100,000 ANNUAL SALES

Operating Expense QUARTILE DISCRIMINANT COEFFICIENTS

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4
Shop Labor Sales -13.56 -17.03 -16.32 -20.03
Managers' Salaries -30.26 -18.12 -135.07 -54.03
Salesmen's Salaries -31.73 -=19.05 ~136.84 -55.13
Other Salaries & Wages -30.86 -19.03 -135.84 -55.15
Total Wages & Salaries 34.63 23.02 140.53 60.05
Advertising & Sales Expense 11.73 10.30 13.34 18.28
Bad Debts 4.77 4.73 5.90 8.58
Car Expense-Sales 12.41 11.55 15,92 17.61
Car & Truck Expense-

Delivery 8.38 10.04 11.00 12.49
Depreciation .46 -3.60 -1.72 -1.75
Freight, Express, Parcel

Post and Postage 8.36 10.17 11.22 12.34
Insurance -6.27 1.90 -2.76 -3.17
Heat, Light & Water 10.25 15.79 16.47 17.80
Rent (or Equivalent) -1.55 1.41 -1.41 -1.20
Office & Store Supplies

and Expenses 5.03 4.15 6.91 4.12
Taxes 10.78 14.69 14.32 18.64
Telephone and Telegraph 15.46 18.97 21.96 24.83 ..
Miscellaneous and General

Expenses 3.76 2.36 3.73 4.34
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY II, $100,000 to $150,000 ANNUAL SALES
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY II, $100,000 to $150,000 ANNUAL SALES

Operating Expense QUARTILE DISCRIMINANT COEFFICIENTS

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4
Shop Labor Sales 1.54 1.63 1.33 1.55
Managers' Salaries 3.03 2.74 3.09 3.41
Salesmen's Salaries 1.41 i.83 1.38 1.95
Other Salaries & Wages 2.91 2.77 2.87 3.29
Total Wages & Salaries 0.35 1.17 0.86 1.10
Advertising & Sales Expense 12.64 10.59 8.05 13.25
Bad Debts 7.45 9.71 6.78 11.31
Car Expense-Sales 2.43 3.28 5.59 4.66
Car & Truck Expense-

Delivery 2.03 2.06 4.47 2.88
Depreciation 5.09 4.02 5.15 6.51
Freight, Bxpress, Parcel

Post and Postage 0.95 0.68 0.64 0.47
Insurance 6.69 11.77 5.38 10.45
Heat, Light & Water 10.72 12.00 11.89 12.86
Rent (or Bguivalent) 2.73 2.21 2.38 2.77
Office & Store Expense

and Supplies 5.17 3.73 6.19 6.44
Taxes -0.66 -0.59 -0.81 -1.35
Telephone and Telegraph 0.39 2.52 3.23 1.80
Miscellaneous and General

Expenses 0.64 0.62 1.31 0.96
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY III, $150,000 to $200,000 ANNUAL SALES
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY III, $150,000 to $200,000 ANNUAL SALES

Operating Expense QUARTILE DISCRIMINANT COEFFICIENTS
Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4

Shop Labor Sales -0.45 -2.37 -0.17 -2.59
Managers' Salaries -10,041.91 -11,942.90 -10,271.08 -16,421.43
Salesmen's Salaries -10,047.89 -11,950.72 -10,276.99 -16,432.53
Other Salaries & Wages -10,044.65 -11,949.43 -10,276.01 -16,428.93
Total Wages & Salaries 10,056.49 11,959.01 10,287.47 16,443.62
Advertising & Sales

Expense 72.49 85.92 81.40 104.51
Bad Debts 29.02 38.92 31.53 49.05
Car Expense, Sales 63.63 76.00 52.29 102.23
Car & Truck Expense,

Delivery 14.53 14.26 16.66 18.20
Depreciation 67.51 73.95 69.54 101.69
Freight, Express, Parcel

Post and Postage 36.09 38.45 38.84 48.51
Insurance -20.09 -20.59 -27.42 -23.61
Heat, Light & Water 2.37 -0.42 6.56 -0.46
Rent (or Equivalent) 31.63 34.49 36.52 44,80
Office & Store Expense

and Supplies 43.44 46.81 46.54 63.14
Taxes 59.34 65.25 65.72 85.26
Telephone & Telegraph -6.07 -15.63 -8.53 -14.76
Miscellaneous & General

Expenses 10.93 13.68 14.95 18.10
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MULTIPLE DISCRIMINANT COEFFICIENTS,
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY IV, $200,000 to $250,000 ANNUAL SALES

Operating Expense QUARTTLE DISCRIMINANT COEFFICIENTS
Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4

Shop Labor Sales 5.08 5.88 3.95 4,82
Managers' Salaries 34.52 46.67 51.65 107.79
Salesmen's Salaries 31.74 42.62 49,59 100.72
Office Salaries and Wages. 34.67 46.51 52.11 102.65
Total Wages & Salaries -27.68 -38.53 ~45.45 -95.43
"Advertising & Sales Expense 7.57 5.05 10.85 5.81
Bad Debts 34.14 33.76 17.77 31.73
Car Expense-Sales 70.41 92.08 63.77 65.30
Car & Truck Expense-

Delivery -7.28 -7.20 0.60 - -6.02
Depreciation -35.31 -42.66 -23.87 ~-33.79
Freight, Express, Parcel

Post & Postage 47.14 55.91 34.72 46.76
Insurance 12.84 13.17 0.30 16.19
Heat, Light & Water -2.24 -5.14 -5.71 -8.98 "
Rent (or Equivalent) 23.43 29.08 17.05 22,22
Office and Store Expense

and Supplies 4.16 8.26 1.15 4,08
Taxes 16.52 16.98 9.02 14.57
Telephone & Telegraph -46.47 -60.95 -27.90 -46.87
Miscellaneous and General

Expense -2.17 -0.46 2.33 -0.67
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MULTIPLE DISCRIMINANT COEFFICIENTS,
SALES CATEGORY V, $250,000 AND UP ANNUAL SALES

Operating Expense QUARTILE DISCRIMINANT COEFFICIENTS
Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4
Shop Labor Sales -0.19 -0.07 -0.33 0.03
Managers' Salaries -67.81 -47.06 -82.22 -43.99
Salesmen's Salaries -66.17 -45.34 -80.29 -42.05
Office Salaries & Wages -66.07 -45.41 -80.31 -42.03
Total Wages & Salaries 70.60 50.05 85.11 47.30
Advertising & Sales Expense 2.29 3.99 1.85 2.42
Car Expense-Sales 4.60 7.08 5.50 7.36
Car & Truck Expense-

Delivery 2.86 2.53 3.91 3.19
Depreciation -1.96 -1.43 -2.36 -2.44
Freight, Express, Parcel

Post and Postage 17.23 15.63 16.46 18.48
Insurance 15.63 15.08 16.80 17.59
Heat, Light & Water 10.40 12,36 12.59 11.31
Rent (or Equivalent) 6.84 6.33 6.65 7.74
Office & Store Expenses and

Supplies 4,21 9.66 8.98 8.63
Taxes 4.17 4,02 4.01 3.38
Telephone & Telegraph 24.56 20.12 20.49 24.26
Miscellaneous and General

Expenses 3.18 3.76 3.81 5.49
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VALIDITY TEST OF ORIGINAL MODEL ON SECONDARY SAMPIE
Validity Test
1st Run, 18 Vvariables

Group Parameters
by Initial Z Scores Z Score Number of Firms Level
for Model Building Parameters Tpro- Correct of
for Fixrms c on Validity ly perly Assigmment Significance
Sales Properly Assigned Groups Assigned Assigned Total Percent t Test
Category I
Group 1 76.15 to 121.35 90.16 to 216.10 3 4 7 43
Group 2 135.10 to 161.28 83.87 to 214.16 9 11 20 45
Group 3 160.37 to 197.86 140.04 to 254.40 5 5 10 50
Group 4 208.74 to 243.80 161.46 to 271.81 3 3 6 50
Total 20 23 43
Percent 46.5 53.5 100.0 .005
Category II a
Growp 1 70.08 to 98.16 62.95 to 101.30 9 1 10 90
Group 2 95.92 to 122.69 70.54 to 124.81 3 12 15 20
Group 3 85.13 to 111.48 77.76 to 117.84 10 7 17 59
Group 4 114.62 to 150.81 114.92 to 129.13 4 1 5 80
Total 26 21 47
Pexrcent 55.4 44,6 100.0 -005
Category III )
Group 1 327.96 to 483.36b 301.78 to 496.13% 7 1 8 88
Group 2 388.13 to 570.54 404.19 to 606.33 4 3 7 57
Group 3 408.92 to 546.59 453,59 to 652.34 a 6 4 10 60
Group 4 807.05 to 10008.68 588.24 to 1011.82 11 9 20 50
Total 28 17 45
Percent 62.2 47.8 100.0 -005
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(Continued)

Group Parameters

by Initial Z Scores Z Score Nurber of Firms Level
for Model Building Parameters Impro— Correct of
for Firms c on Validity Properly perly Assignment Significance
Sales Properly Assigned Groups Assigned Assigned Total Percent t Test
Category IV a
Group 1 186.03 to 224.46 180.85 to 335.41 5 3 8 63
Group 2 240.43 to 297.33 164.84 to 294.71 3 5 8 47
Group 3 152,52 to 171.52 105.73 to 255.19d 3 8 11 27
Group 4 183.00 to 231.67 184.43 to 285.24 5 0 5 100
Total 16 16 32
Percent 50.0 50.0 100.0 .005
Category V
Group 1 112.86 to 153.76 108.12 to 169.67 13 3 16 81
Group 2 138.99 to 156.81 117.86 to 158.57 6 10 16 38
Group 3 139.07 to 155.10 97.63 to 201.78 7 9 16 44
Group 4 160.87 to 211.98 123.80 to 208.27 12 4 16 75
Total 38 26 64
Percent 59.3 40.7 100.0 .005

8rims below initial 2 score for this group are considered properly assigned as they still remain in Group 1.

b'ﬂrlis group had zero percent correct assignment; however, the Z scores should be as applicable as in other groups.
Since there is no standard for establishing parameters, an arbitrary 60 percent of the central scores is used.
This is more conservative than the model parameters used for other groups.

®As Z scores exceed these group parameters, assignment tends to be made to other groups.

dFi_ms above initial Z score for this group are considered properly assigned as they still remain in Group 4.
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EVALUATION OF CLASSIFICATION FOR EACH FIRM
BY MULTIPLE DISCRIMINANT ANALYSIS ON
FINANCIAL RATIO DATA

Probability Associated With Largest
Firm Largest Discriminant Group Group No.

GROUP 1

0.99133
0.99806
1.00000
0.99945
0.99973
0.91824
0.99952
0.99912
0.62475
0 0.67198
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1 0.35804 4
2 0.51041 3
3 0.90152 2
4 0.56259 2
5 0.81000 2
6 0.91448 2
7 0.82774 2
8 0.78160 2
9 0.71089 2
10 0.98057 2

1 0.72818 3
2 0.67705 3
3 0.90334 3
4 0.93079 3
5 0.67570 3
6 0.77426 3
7 0.81593 3
8 0.46731 2
9 0.90646 3
10 0.90349 3
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1 0.84918 4
2 0.62896 4
3 0.86580 3
4 0.72352 3
5 0.95704 4
6 0.63306 3
7 0.85148 4
8 0.99920 4
9 4
1 4
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