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Coming Improvements in Information Processing
Systems
by H. WARREN WHITE
that the next ten years will proT duce some revolutionary changesof inevidence
the practices of accounting, particularly
HER E IS A G RO WI NG P AT TE RN

in the techniques of management information processing and control. Developments in automatic source data pick up and output display equipment are rapidly leading to a new era of thinking in electronic equipment utilization. One
new concept is "real time" accounting.
Technological Advances and the Computer
From the standpoint of guidance and control there are many similarities between a space craft and a business entity. Space vehicles must be sensitive and
responsive to a variety of external influences; they must be continually cognizant
of the status of internal elements so as to adjust to the changing environment;
they must also reeort selected conditions to external recipients. Although the
relationship is not completely analogous, there is already evidence that a significant portion of the new products developed for the space age will be directly applicable to the information processing field as related to business management. An excellent example of this is the electronic computer, which had
been developed to assist in the solution of scientific problems and has found
ready acceptance as a useful tool in the digesting, processing and summarizing
of business data.
Thus far, the basic elements of accounting practice have largely remained
the same. For the most part, source data is still recorded on a document or
"hard copy" for subsequent posting (or updating) to related records and later
entry in general ledgers. Energies are directed toward speeding up the system
to achieve a faster closing so that the status of the business may be available
for management review before it has aged too long. The great promise for the
future, however, lies not only in the use of faster and faster computers but also
H. WARREN WHITE, Los Angeles Chapter, 1958, is District Supervisor of Management
Services for the West Coast District of Ernst & Ernst, which he joined in 1961. He has
been active in electronic data processing since 1953, as Ma nager of data processing planning for Lockheed Aircraft Corporation. Prior to this he was Manager of Lockheed's
material records department. Mr. White ca me to Lockheed in 1940 from the University
of Southern California where he majored in business administration. He is a previous
contributor to the Bulletinand recipient of two N.A.A. Certificates of Merit.
JUNE, 1962

5

in the development of input and output linkage between the nerve centers of
business and the computer itself.
The challenge in this area involves the development and utilization of input
equipment capable of picking up transactions as they occur, preferably as automatic by- products of each significant event taking place in the various activities
of the business. Data so picked up and transmitted would be instantaneously
analyzed by the central computer and, where applicable, instruction data sent
back to control and direct the activity according to a pre - established program.
Management would be alerted only when an activity could not be so controlled.
With this accomplishment will come dramatic changes in many of the techniques
of accounting and business management.
"Real Time" Systems
Considerable progress is being made toward this goal by the use of real time
systems. The term, real time, which stems from the scientific world, is used to
denote the technique of recording and completely processing a transaction at the
time it takes place rather than delaying processing for later batch handling.
This concept makes use of source data recorders connected by wire to a central computer as diagrammed in Exhibit 1, and possessing 3 large random access memory. Real time input devices must be designed to suit the requirements
of their particular environment. They can be provided with numerous capabilities necessary to record at source various types of input. Plastic cards, punched
cards, amounts or quantities entered either manually or picked up directly from
a machine, are examples of the types of input which can be recorded automatically and transmitted directly to the computer by wire.
Flow of data is generally in both directions, as the nature of a real time operation frequently demands an ability to direct certain data pertinent to the transaction back to the sender. Such data may be in the form of detailed information
essential to the completion of the transaction or instructions designed to control
and direct the activity, or simply a signal indicating the receipt of the data, in
order to clear the input device for the next transaction.
The air line reservation systems which employ centrally located random
access memories served by a multiplicity of input /output devices have done
much to advance the state of the art in real time processing. Input /output devices of the newest equipment being installed for this purpose have the ability
to communicate back and forth instantaneously with the central master passenger flight records from anywhere in the United States. Some systems provide
for the recording of the passenger name and local phone number along with
6
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his reservation, thus making this data immediately available in the event of a
change in flight plans.
Another excellent example of real time processing is found in the savings
bank and savings and loan business, in the form of on -line window posting
machines tied by wire to a real time central processer. Here the account number, type of transaction and amount are keyed in by the teller at the window
machine. The applicable record is "looked up" by the computer in the random
access memory and data on "holds," interest due, "no book" transactions, insufficient funds, etc., are instantly relayed to the teller and, where necessary,
printed in the pass book. At the completion of the transaction, the current
status of the account is instantly available for any subsequent transaction. Where
branches are involved, it is possible to make all accounts available to any branch,
permitting the processing of any account at any branch.
In manufacturing companies, considerable progress is also being made in
the use of on -line source data recorders to pick up data for payroll, labor distribution, shop order location and the like. Data input is accomplished by picking up a man's number from his plastic badge, job identity from a punched card
and variable data as required from a keyboard. The time, date and location
JUNE, 1962
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are supplied automatically at the center each time an input entry is recorded.
Such systems are capable of producing automatically a complete payroll and
all necessary labor distribution and order location reports.
Advances in Storage, Input and Output
Real time systems are still considered a luxury by many potential users because of the cost of early equipment. As with computers, however, costs are
coming down. One of the major contributors to the relatively high cost of real
time systems has been the cost of random access storage. Some leaders in the
equipment research and development field are predicting that breakthroughs in
high- density recording will, within the next two years, make possible the packing of as many as one million bits per square inch. Contrasted with the present
density of ten thousand bits per square inch, it may well develop that random
access storage on large discs, drums, etc., with its many advantages, will become
less expensive than magnetic tape.
Another major item of cost has been that of the input device. Progress is
being made in this area also, with the introduction of modularized equipment
components and with the potential of an expanding market offering the manufacturer a broadening base over which to distribute his costs. Further, equipment is being developed which is designed to satisfy the needs of specific areas
such as retailing, credit, brokerage, etc. This will provide additional opportunities for the introduction of real time systems destined to bring about major
changes in these businesses and advance the real time concept.
No equipment has lagged as far behind the computer's potential as that designed to provide output data. Considerable attention has been devoted to developing faster and faster printers and, for certain functions such as billing,
there is justification for this effort. But, all too often, printers have been used as
giant typewriters to produce miles of reports for management. The concept
of real time requires a different approach in this area. It provides for the updating of all records as each transaction takes place and, therefore, requires a
device which will allow management to make inquiries of the computer when
the need arises. Various types of display devices have been developed for
tracking and controlling space vehicles which with some modification lend
themselves to this function.
Equipment is on the market which makes possible the display of data directly
from a computer to a television -type tube face. Experimental work is under
way in the refinement of such a device to permit control by the insertion of a
card which will call forth a predetermined report format (Exhibit 2). VariaR

N.A.A. BULLETIN

s

'

DISPLAYPANEL
HARDC0PY o

" C8E
NEEPIN
DUL

°

CARDPROGRAMFILE
EXHIBIT 2

tions of this format can be made by direct keyboard entry. A photographic copy
can be made at the console when and if desired. There are other devices in development for missile tracking which are capable of producing a large image
directly from the computer in multiple colors.
The "space age" impetus is pushing the state of the computer display art
to a point where there is little doubt that equipment such as that described above
will soon find its way into the business information processing field.
New Orientation Needed —and in Prospect

There is some evidence that real time systems are less complicated to design
than batch processing systems. However, the scope of a real time system is generally more inclusive than the previous batch system and, therefore, requires
considerable energies to perfect. Also, the concept of continuous processing is
new, and numerous adjustments are required to take full advantage of the potential. Accounting practice, work habits and general understanding are all oriented toward batch or periodic processing. It will take some time to change
them.
It is interesting to note, however, that a real time system is frequently much
easier to describe than a batch processing system covering the same function.
This is due largely to the lack of machine limitations imposed on a continuous
system. A batch system is, of necessity, designed to fit the restrictions of the
JUNE, 1962
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processing equipment. Elaborate batch controls must be maintained. It is common to process documents out of actual time sequence, which introduces numerous complexities necessary to cope with the lag in the system. Frequently,
subsidiary records must be produced to support the system between processing
cycles. In describing such systems it is easy to become lost in the maze of controls,
machine cycles, output runs, etc. Real time systems on the other hand, follow
closely the sequence of actual happenings and, therefore, follow the business
activity itself much more closely. The advantages enjoyed in this respect will do
much to increase the popularity of these systems.
The last and perhaps most significant trend yet observed in support of the
predicted changes in management information systems, is the movement of scientifically trained personnel into managerial positions. It is these men who are
most vocal in their dissatisfaction with the present information processing systems. We hear frequent complaints about the lags in the system, the reliance
on historical data, the lack of adequate cost information, etc. Scientifically trained
men who have found their way into the retail business, for example, are not
satisfied with a system which relies so heavily on personal observation of inventory conditions and on personal judgment in buying. They feel that ways must
be developed to perfect the point -of -sale concept and tie it into a real time
system. In this way, the sales tag need only carry an identifying number, as all
other data, price, department, style, size, vendor, etc., can be supplied by the
computer when and where needed. All records can be updated at the time of
purchase, receipt, transfer, or sale, and thus eliminate the complexities due to
system lag. This can make possible a degree of inventory control and customer
service formerly unattainable.
A considerable number of scientifically trained men occupy executive positions in the larger manufacturing organizations. This is particularly true of
companies engaged in the space effort. Some of these individuals have now
had exposure to business practices for several years and are well versed in their
peculiarities. The management information system outlined below is indicative
of the type of long -range plan which is finding increased reception by men of
this type.
Management Information System —a Preview
The management information system that follows is intended to provide a
preview of the type of system which could be developed as a result of the
changes which have been discussed. It is based on known studies currently under
way in several large industrial complexes. The hardware or equipment required
10
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exists today, although not necessarily as a marketable product in the configuration
shown.
The basic concept of the system, as depicted b} Exhibit 3, employs a multiplicity of automatic input devices connecting all major activities of the business
to and from a central computer utilizing a random access memory capable of
storing all the company's records at one time. Indications are that even the larger
companies could store all their records in a one -to- two - billion -digit storage
device. Relatively low cost storage equipment of this size is very close at hand.
The output consists of data display consoles capable of showing a large library
of report formats. Such displays can be in standard tabular report form, chart
form, pictures, maps, drawings, or even dynamic displays showing moving
lines or data.
The business in question is a manufacturing concern which, for purposes of
simplicity, has been broken down functionally into engineering, production,
material, sales, finance and manpower ( Exhibit 4). It is proposed that the managing head of each function have his own display console. Through his display
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COMPUTER

AUTOMATIC DATA ACQUISITION
SYSTEM
EXHIBIT 3
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device each such manager would have direct access to all data pertinent to any
of his activities.
The operating manager or president is concerned with company -wide data,
such as profit, sales, manpower, etc., and is provided with a series of large
projection -type display screens which can show fixed data of any type in multiple
colors. He can, of course, display any of the functional reports on the big
screens, should the need arise for a general discussion.

SALES

J--� � J
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y� ,.

��� °� Qt

8 PRES. 8

ENG.

PROD. MATL. SALES

FIN. MANPOWER

EXHIBIT 4

In the example shown in Exhibit 4, it could be assumed that the sharp dip
in the manpower chart is under discussion. Leveling the load calls for either
pulling ahead the activities that follow the dip or delaying those in front of it.
Test changes could be made to see their effect. If the test involved pulling ahead,
the material manager might discover, upon inquiry of his display panel, that
certain items of purchased equipment would not be available in time for this
move. It would then be up to the production manager to determine from his
display device if it would be practical to "work around" these items until they
ca m e in a s sc he du le d.
12
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A decision to test in the other direction might well involve the material and
finance managers, as certain items will now remain in inventory longer than
planned. The sales manager would interrogate his display device to determine
which customers would be affected if late deliveries were to result.
After a full review of all the alternatives, a decision could be reached which
would give the greatest profit consistent with the other factors involved, such
as employee relations, customer service, etc. A more sophisticated example
involving the use of operations research techniques and the playing of real
time management games is, of course, applicable as well.
Challenge to Accountants
The technological advances embodied in the described real time systems truly
present a challenge to accountants. The "science" in scientific management has
been given a new meaning. Guidance of business entities by means of newly
developed technological devices and systems definitely requires new approaches
in management thinking. The accounting officer or financial manager will have
at his disposal what now seems the ultimate in tools for simplification of
accounting procedures. At the same time, he can apply the most sophisticated of
management information systems.
The accountant can eliminate the overwhelming maze of output reports produced by many data processing systems. The ability to secure answers by inquiry
of a completely updated record, as needed, will make his product more useful
and meaningful than ever before.
It should be recognized, however, that it will take considerable preparation
before most accountants are equipped to take advantage of these developments.
Accountants certainly cannot afford to allow technological advance in equipment
to outstrip their thinking. When experience does not provide the knowledge,
they must participate in educational programs to obtain their own updating. They
must learn to think at times as engineers or machine technicians in order to
cope with the techniques involved. For example, their thinking will require
modifying to accept invisible source data records.
Basically, accountants will find it necessary to become better oriented to their
management's requirements so as to design systems capable of supplying the
most important information with the least volume of detail. In addition to
having a thorough understanding of the basic principles of accounting, they will
have to be master of systems analysis and design.
The need for accounting clerks required in present -day analysis and budgetary
control work will probably diminish. However, there should be an increased
J U N E , 1962
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demand for personnel skilled in systems review and improvement. Where these
advances take place, accountants will find that their positions will be at a
higher level than today. In order to achieve these changes, accounting managers
must assume the responsibility of familiarizing their accounting personnel with
the system to the extent that is today reserved for data processing technicians.
We can be sure that the next ten years will most certainly bring forth some
fascinating changes in the field of information processing, for business management will have at the presss of a button continuously updated information
reduced to the significant factors needed to make accurate decisions. The accountant's responsibility for assuring the use of consistent and basically sound
principles in interpreting the information obtained under these new conditions
will be a challenge we can be sure he will meet.

14
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Combined Costing Procedures at Work
by GEORGE W. FRANK

a new theory or improved technique of
A accounting is to thinkin ofanalyzing
the improvement as a substitute for existing
NATURAL TENDENCY

theories or procedures. In most instances this approach is incorrect. Most likely
the improvement should be used in conjunction with current routines so that
the old and new are combined for most effective results. This is true for many
phases of accounting. Recent articles and addresses on the subject of standard
versus direct costing are examples of the misconception. One is not a substitute
for the other. Each can be used along with the other and, when combined
properly, can result in a very effective cost system. This article will show how
standard costing was combined with direct costing into an effective system for
controlling costs.
Another common fallacy in discussing the pros and cons of a proposed innovation, is to relegate it to instances where it has particular applicability, and
thus to imply that the method has merit only for someone else. It is much better
to think of a new technique as a possible improvement to existing procedures
rather than as a substitute. Frequently, it is not really a matter of all or nothing.
To recognize this is to be able to reach a more definite conclusion as to whether
a proposed improvement has complete or partial applicability. The need for a
comprehensive review of all possible uses is particularly keen in the case of
direct costing. This technique applies to the handling of overhead and not to
the whole cost system, as is misunderstood so frequently.
The case study included later in this article outlines a cost system in which
( 1 ) standard costs are used to control material costs, ( 2 ) labor costs are
accounted for on an actual cost basis and (3) overhead is handled on a direct
cost basis. This particular combination is used to measure the effectiveness of
operations, accumulate costs and provide management with data needed for
pricing and other decisions. The system was so designed that the required portion of annual fixed costs could be restored to inventories to meet tax and public
statement requirements.

GEORGE W. FRANK, Delaware Chapter, 1954, C.P.A., is Management consultant in the
Philadelphia office of Peat, Marwick, Mitchell & Co. A previous contributor to the
Bulletin and recipient of three N.A.A. Certificates of Merit, Mr. Frank is co- author of Cott
Accounting, published in 1962 by the South- Western Publishing Company, Cincinnati.
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Developed Accounting and the Overhead Rate
A firm's cost accounting system is usually designed initially to develop cost of
sales and to value inventories. As the firm grows, additional details are required
and its cost system is expanded. In the case of a job shop, for example, a job
order system is developed to come up with the cost of individual jobs handled;
in the case of a process or continuous -type operation, monthly unit costs become
important. The use of procedures for controlling operations is usually the next
step in developing an effective cost system. For example, completed job costs are
compared with estimated figures or with the cost of previous similar orders or,
in the case of a process or continuous cost system, one month's unit costs are
compared with prior figures.
As the cost system is expanded, it becomes obvious that the treatment of overhead is an area requiring great attention if results reported are to have full
meaning. Usually, a system will start out by accumulating actual overhead for
distribution to jobs or products produced. This accumulation has certain obvious
difficulties. For example, there is the problem of what overhead properly belongs
to a period, and there is the delay at month -end caused by having to distribute
actual overhead to jobs and products. Also, the amount of overhead distributed
to each unit, job or product will vary from month to month, due to fluctuations
in the volume of production, number of labor hours or whatever factor is used to
distribute overhead. Therefore, units completed during periods of high activity
will "cost" less than those made during periods of low activity when the overhead per unit is higher.
The next step, then, is to improve the accuracy of unit cost and to reduce
the clerical effort by using predetermined overhead rates by which overhead is
charged to each product or unit on the basis of a fixed amount per labor or
machine hour or as a constant percentage of labor costs. The development and
use of predetermined overhead rates also presents certain difficulties. Overhead
must be estimated for a particular period and divided by a predetermined level
of activity. The level of activity selected — whether stated in units, labor hours,
labor costs or machine hours —can be a normal annual volume that a company
expects over a given number of years or it can be the volume expected for the
coming period. The rate or rates computed and used depend on the level of
activity selected.
Once the rate or rates have been determined, they are applied to jobs manufactured or to units produced. At the end of each month, actual overhead for
the period is usually compared with overhead applied or absorbed through the
use of the rates, and over- or under - absorbed overhead figures computed. These
can be difficult to explain. Absorption is subject to much misunderstanding if
16
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not analyzed as to the portion caused by overhead expenditures being different
from those estimated and the portion caused by the volume —level of activity —
reached during the month being different from the volume used in computing
the overhead rate. It may be subject to misunderstanding even if so analyzed,
for fixed expenses cause most of any over- or under - absorbed overhead. People
generally find their behavior puzzling even though the reason for failure to
absorb these cost is that the level of activity actually reached during a period is
usually different from that estimated when computing the overhead rate. If fixed
expenses are estimated at $100,000 and the level of activity at 100,000 labor
hours, the overhead rate would include $1 to cover fixed expenses. However, if
actual labor hours during a period total 90,000, only $90,000 ($1 x 90,000
hours) of the $100,000 of fixed expenses would be charged to production. There
would be $10,000 of unabsorbed fixed overhead.
Advantages of Direct Costing in Accounting for Overhead
With direct costing, an overhead rate covers variable items only. Fixed expenses are charged off each period and not allocated to jobs or products. The
basic theory underlying direct costing is that fixed costs are period costs and, as
such, should not be charged to jobs or to products, some of which might end up
in inventory. Under direct costing, the problem of understanding and explaining
any end -of- the - period under- or over - absorbed burden is reduced considerably.
Also, because the analysis is confined to variable overhead, it is considered more
meaningful, inasmuch as variable expenses are more subject to control than are
fixed expenses. The analyst is thus able to concentrate his efforts where they are
most needed.
Another advantage of using direct costing is that it keeps application of
overhead from clouding a firm's profit picture. This is not always so when full
or conventional predetermined overhead rates are used. The use of these rates
can result in over - absorbed overhead which can cause reported profits to be
higher than in a previous period even though sales decreased. Conversely, sales
can increase from one month to the next but reported profits decrease because of
underabsorbed overhead caused by below- normal production. Although these
possibilities have been somewhat over - emphasized by direct costing proponents,
they can occur and cause confusion. With direct costing, fixed expenses are
charged off in total each period. This total remains essentially the same whether
sales or production go up or down. Therefore, as sales increase, reported profits
increase because total fixed costs charged to any period do not fluctuate substantially; and, vice versa, when sales decrease, reported profits decrease.
It can be seen that direct costing is a technique that can be adopted either
J U N E , 1962
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in an actual or a standard cost system so that ( 1 ) information given management
is more logical and (2 ) the possible confusion because of over- or under absorbed burden is minimized. However, it should also be understood that a
proper analysis of over- or under - absorbed overhead in a conventional system into
its component parts, spending variance and operating -level variance, will accomplish the same thing. In fact, the operating -level variance in such an analysis
indicates to management the fixed cost effect of operating at a level above or
below normal or that expected. However, the value of this latter analysis depends on a company's ability to determine what is normal or expected capacity,
a difficult problem in itself.
Standard Costs an Improvement over Actual Costs
Use of a predetermined overhead rate in an actual cost system is a step toward
the use of standard costing. As has been mentioned, a predetermined rate is
generally used when it becomes obvious that charging actual overhead to a
product is inequitable and delays the financial closing process. Also, a predetermined rate provides the means for measuring the efficiency of overhead
expenditures. Comparison of actual expenses of a period with estimated expenses
gives management an indication of the effectiveness of persons responsible for
overhead expenditures. These are the persons who provide the estimates used in
arriving at predetermined rates. Therefore, a comparison of estimates with actual
expenses, and explanation for any differences, provides management with another
tool for controlling overhead. Because the use of predetermined cost data can
provide such cost control information, it is only logical that this type of costing
be extended to accounting for material and labor costs. When this is done, a firm
is using standard costing.
Development of standard unit costs for material and labor is usually not difficult. Generally, there are no problems concerning fixed and variable costs, or
determining what is a normal level of production. Computing a standard material cost involves determining what amount of material should be used and the
price that should be paid for the material. In the case of labor, it is a matter of
determining how long an operation should take and the labor rate that should be
paid for the work. The use of standard material and labor unit costs results in
more equitable charges to jobs and products. Also, it normally reduces clerical
detail involved in associating costs with products.
With standard costs, it is usually no longer necessary to identify actual material and labor used on jobs or products. Excess material requisitions and labor
variance analyses may be used to measure efficiencies. It becomes a matter of
"management by exception." For example, each product manufactured will be
18
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covered by a bill of materials which specifies what and how much material should
be used in its manufacture. When a product is put in production, only the
specified amount of material required is issued. Any additional material used
requires a separate excess material requisition. These requisitions indicate how
efficiently material is being used. The same approach applies to labor. Each operation required to manufacture a product is expected to take a certain specified
time. Operation descriptions and standard times are usually included on routing
sheets. Any additional time used would be considered an adverse variance, an
indication of inefficiency in operations. The use of standard costs for material
and labor, as well as for overhead, gives management control information not
available in an actual cost system and which normally becomes available at reduced clerical cost.
Combining Cost Sysfems
A standard cost system does not substitute the use of standard costs for actual
costs or eliminate the need for accumulating them. Instead, actual costs are
accumulated in two parts —that part which is standard and that part which is
above or below standard. Under a standard cost system, actual costs remain the
basis for computing period profits. Standard costs are used to value inventories,
compute cost of sales and determine the extent to which actual cost is above
or below standard. Over- or under - standard amounts are reported as variances.
They are added to, or subtracted from, standard gross profit to arrive at actual
gross profit. It is not a matter of substituting standard costs for actual costs but
of applying standard costs to refine and improve an existing cost system. This is
the approach that should be used in evaluating the merits of any proposed
technique or procedure.
Inasmuch as the introduction of standard costing usually means the addition
of standards for material and labor to already existing standards for burden, it
can be seen that the use of direct costing applies with equal applicability to a
firm using a standard cost system as to a firm using actual costs. In a standard
cost system, there is the same difficulty as in an actual cost system, of computing
a satisfactory predetermined overhead, i.e., the problem of estimating expenses
and volumes correctly. Therefore, reasons for using direct costing procedures
in an actual cost system apply equally to a standard cost system. (However,
when a firm has a standard cost system, it is likely to be more precise in its
calculation of overhead rates and in its analysis of over- or under - absorbed
overhead.) But direct costing is not a substitute for standard costing. It is
simply a matter of applying direct costing techniques to the handling of overJUNE, 1962
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head. Hence, it is not an involved undertaking to have standard costing and

will

direct costing combined within a single system.
Likewise, actual costs and standard costs can be used in the same system.
For example, a company might find it practical to use standard material costing
but actual costs for labor and overhead, or it might use standard labor rates and
pretermined overhead rates but actual material costs. Many combinations are
possible, including the use of actual costs, standard costs and direct costing in
a single integrated system. It must be conceded that use of both actual and
standard costs in the same system is unusual.
The use of combinations is sound even though there are few instances where
a complete standard cost system, cannot be used for both accumulating and controlling costs. Still, there are cases where use of standard costs in the usual
sense is not applicable. For example, if work done is nonrepetitive, with each
new order being almost completely different and requiring new drawings, special tooling, different labor operations and different materials, or any important combination of these conditions, the usual type of standard cost system
would probably not be used. Some form of preliminary standard or estimated
cost would be used instead. However, this type of situation is unusual, even
where a firm does special work, for the majority of material used and labor
operations performed on any order are usually not new. More often, if standards
are in any way inapplicable, a combination system is the answer.
Standards might not be used for labor and factory overhead because these
are not high -cost items or because they are not readily controllable. In this
case, only material might be handled on a standard cost basis, with actual
costs used for labor and overhead, or actual costs might be used for labor and
predetermined rates used for overhead. There are situations where firms have
(1) actual costing and direct costing, (2 ) actual costing and standard costing,
(3) standard costing and direct costing or (4) actual costing, standard costing
and direct costing. The particular combination adopted will depend on the
best meet management's need,
problems involved, the type of cost data that
and the type of cost control that will be the most effective.
An Open Mind Toward the Usefulness of Different Techniques
The foregoing description of the possibilities for intermingling systems may
seem overemphatic. However, it is most important to understand that a new
technique or theory of costing does not necessarily mean its substitution for
some phase of current practice. Its best use is usually as a refinement or improvement. A progressive, management- minded accountant or controller who is
constantly seeking improvements will be open- minded about new techniques,
20
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study them and see what applicability they might have to various parts of his accounting work. He will determine where these new techniques may fit and
how they can be used in conjunction with current practices.
Frequently new methods come about as a matter of necessity and the need
for change. Times change and management techniques improve. Certainly
accounting, and particularly cost accounting, methods must keep abreast of
changes in other areas if they are to render the service expected. If accounting
is to continue to increase in importance as a management control technique,
it must shed its remaining traces of being primarily a bookkeeping or record keeping process. An effective, integrated control system must incorporate as
many improvements as are possible. It must keep up with management's requirements for timely, meaningful and accurate cost information.
The Case of the Combination System
Recently, a small firm processing food had several major costing problems.
After a review of the circumstances and consideration of management's need for
cost information, these problems were solved by installing a cost system which,
as indicated earlier, involved the use of standard costing for materials, actual
costing for labor and direct costing for overhead. The direct costing procedures installed are applied to actual overhead. Predetermined burden rates
are not used. Fixed costs are charged off each month and only actual variable overhead is distributed to products manufactured.
Need for product costs. The company can be classified as small inasmuch as
it has some 150 employees. Annual sales range between six and eight million
dollars. The company has been in existence for some ten years and has gone
through the usual growing pains, with its accounting system lagging behind.
Initially, the company had one main product and the accounting system was
designed to report profits earned from this product and to value inventory.
As the firm grew larger and diversified its operations by adding new products, the accounting system did not keep pace. New procedures were not
introduced to value inventories on a current, correct basis and to determine
profits by product lines. Although sales dollars were accurately segregated by
profit lines, the profit on each line was computed by subtracting from sales a
cost based on the average unit cost for all operations for the period. Management knew that this figure could be misleading, but there was no apparent
need for refinements as long as profits looked good. However, as prices
tightened and costs increased, it became obvious that certain products were more
profitable than others and that product unit costs differed. It was at this point
that management felt that it could no longer continue to use an average cost figJ U N E . 1962
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ure. It needed a cost system that would show individual product costs, provide
useful managerial information and report correct profits.
Standard purchase prices. The company uses several ingredients which are
processed and packaged for sale. Each is purchased at different prices at different times, depending on the grade and other circumstances. Because of the relative importance of material costs, the company's president was interested in
developing some means of measuring accurately the effectiveness of the purchasing activity in terms of values received. Most of the purchasing was done
by him. If this item of cost could be controlled, other cost items would not
cause serious difficulties.
There was considerable initial difficulty in getting the president to agree that
standard prices should be established for materials purchased. He had been
in the business for many years and was well aware of the continual fluctuations
in ingredient prices. However, he eventually became convinced that, if standard
prices were established and actual prices paid were measured against these standards, he would be in a much better position to evaluate the effectiveness of both
the purchasing and processing operations. Purchasing efficiencies are determined as soon as actual prices paid are compared with standards. Processing efficiencies are determined by charging materials into process at standard prices,
thus eliminating price changes as reasons for changed processing costs. The
president is in a much better position to evaluate monthly operations than previously when actual ingredient prices were used and became intermingled with
actual labor and overhead costs. The elimination of fixed costs as part of
monthly process costs, through direct costing procedures, further sharpened the
analysis of monthly costs as is described later.
Actual labor costs, direct costing for overhead. Initially, the thought was that
standards would also be established for labor operations and for overhead. However, after additional analysis, it became obvious that the development and
maintenance of such standards would be more work than the values that could
be expected from their use, particularly because labor and overhead together
did not amount to more than fifteen percent of total manufacturing costs. Also,
there are only two main operations. The plant work force is divided almost
equally between each of these operations and the workers in each all perform
the same work. Analysis indicated that labor varies almost directly with production so that labor operating efficiencies can be determined readily. If labor
unit costs are higher, efficiency is lower, and vice versa.
It soon became evident, also, that direct costing —which applies only to overhead as pointed out before —would work extremely well for this firm. The
business is seasonal, involving heavy operations for five or six months of the
?,z
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year, and there are special pricing situations where a break -down of fixed and
variable or out -of- pocket expenses is extremely valuable. Special off- season
prices can be determined readily by adding labor and variable overhead to expected
material
prices.
In the This
previous
system,
unit costs
fluctuated violently from
month
to month.
wascost
of some
concern
to management
both
in setting prices and in valuing inventories.
Management had heard of direct costing but believed that the nature and
size of its operation were such that direct costing could not be used. The treasurer, in particular, believed that direct costing would mean a complete change
in costing methods rather than a possible improvement in one of his accounting
problem areas. When direct costing techniques were explained, he was quick
to understand how direct costing would be of value to him. He could see that
his monthly unit costs and inventory values would fluctuate less and that monthly
profits would be more in line with sales revenue changes.
The president was giute willing to use direct costing because it would help
him with his pricing problems. With direct costing he is in a much better position to calculate realistic estimates quickly for bid purposes. Actually, in the
past, he had been going through the gymnastics of attempting to determine his
fixed and variable costs mentally. He knew full well that, if he could get orders during the off season, he could afford to charge something less than full
cost just to keep the plant going. He used to work with the idea, and still does,
that in certain special situations any price above his material, labor and variable
overhead cost can be acceptable. Therefore, it was not a difficult matter to explain and convince him that direct costing had applicability to his operations.
He accepted the idea wholeheartedly as being a technique which makes better
use of accounting data.
An interesting sidelight of this particular installation was the ease with which
direct cost and standards were installed. As usual, the main problem was
separating the fixed and variable costs, a separation that had to be made anyway
to provide the firm with meaningful cost data. Likewise, establishing and installing standard purchase prices was not difficult. The ease of use of standard
costs and /or direct costing does not really have anything to do with the size of
the firm. Excusing oneself from a detailed analysis of any proposed innovation
on the basis that a firm is too large or too small usually indicates a resistance
to change.
Combination system used. The system finally developed by the food processing
firm was as follows: Because different products are produced at different times,
materials used for each are handled on a batch basis and priced at standard
costs. The usual production sequence is to run one product one day, another for
JUNE, 1962
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the next several days and so on, so that it is not a difficult matter to determine
materials used for each product. This also applies to the accumulation of labor
costs. Because direct costing techniques are used for overhead, all fixed costs,
as defined, are charged off in total each month and not associated with products
manufactured. Only the variable portion of overhead is charged to products
processed during the month. Variable overhead is broken down into two parts
(1 ) items which can be associated with particular products and which are
charged directly to the respective products and (2 ) items which cannot be
so associated and are allocated to products on the basis of direct labor costs.
At month -end, packaging cost, ingredient cost, labor cost and variable overhead charged to each product are divided by the product's volume and totalled
to arrive at the product's unit cost for the month. This procedure is better,
obviously, than the previous one in which total costs were divided by total production to arrive at an average unit cost. The firm now prepares income statements which show profits by product before fixed costs. Inventories are more
accurately valued on a current basis, and the only year -end recalculation now
necessary is that of restoring a commensurate portion of fixed cost to inventory.
There was not much difficulty in working out a procedure to determine that portion of the fixed costs applicable to year -end inventories. The amount is kept
in a special account, which is added to inventory values for purposes of external reports.
The firm is now in a better position to control its material costs through the
use of standard prices. Control of labor and overhead costs is improved because
the effect of material price changes can be determined and because the use
of direct costing for overhead eliminates the effect of volume changes on unit
costs. Thus, the system combines actual costs, standard costs and direct costs for
effective, integrated cost control.
Readiness to Change for the Better
The entire field of accounting is changing constantly. The trend is toward
the increased use of accounting data as an aid in controlling company operations. The emphasis is on the managerial aspect of accounting. To meet these
changes, accountants must be receptive to changes in accounting techniques.
Probably the best way to meet this challenge is to be ever alert to the needs
of management for new and additional data. This requires a constant appraisal
and development of new methods. In many instances, innovations can be successfully included in existing systems without complete revisions. However,
this is possible only where individuals and companies are ready, willing and able
to accept, as well as make, changes as they become necessary.
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Input - Output Relationships as a Forecasting Tool
by R. L. DRESSEL

T

HE GENERAL FIELD

of forecasting and budgeting costs, sales and profits

in the defense business can present extremely complex problems. Elements
contributing to the complexity include: the size of the company; the total number
and types of contracts; the mix between research and development, preproduction and production programs and the interrelationships between these programs;
the level of marketing activity and the probabilities involved in obtaining future
business; and the effectiveness of management controls. It is the writer's intention
in this paper to describe a system, utilized by the Ground Systems Group of
Hughes Aircraft Company, which has contributed greatly to realistic forecasting
and budgeting of direct and indirect costs in the face of the many such complexities, as well as the high degree of uncertainty inherent in the defense contracting.
The scope of this discussion will be limited to the elements of contract costs,
for which realism is a prerequisite for proper sales and profit planning.

The Problem
In the preparation of either an annual plan (or budget) or a monthly forecast, the general approach is to first determine the cost of sales and work in- process inventory by contract or program groupings, and then attempt to use
this as a basis for manpower and material requirements. This is a valid approach. Every forecast, however, includes a certain amount of unknown or anticipated programs as well as a definite number of known programs. In an
annual plan for a fair -size company, the total number of all programs, known
and anticipated, could very well exceed 50. These programs are in varying
stages of progress (some have not started at all) and require different rates of
usage and different mixes of men and material. Of the 50 total, perhaps 10 to
20 may be in the category of programs not yet known. This is especially true
of research and development organizations.
In addition, since it is not possible to control indirect costs on a program by- program basis, the level of indirect activity must be correlated to the overall
R. L. DRESSEL is Head of Financial Analyses, Ground Systems Group, Hughes Aircraft
Company, Fullerton, California. Mr. Dressel is responsible for cost, sales, and profit fore-

casting and planning, and for development of automated techniques to facilitate present
and future financial planning. Previously, he was employed with General Motors Corporation, Technical Center, Warren, Michigan. Mr. Dressel received his B.S. degree in
industrial- mechanical engineering from the University of Michigan.
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direct base. This requires additional coordination which is compounded in
complexity as the size of the organization fluctuates. Therefore, while an
analysis of all programs is essential for determining the approximate total cost of -sales and inventory levels, it is quite possible that the summary of these
analyses will accumulate gross inaccuracies. For this reason, it is essential to
utilize a summary forecasting technique at the top level to ensure proper and
reasonable balance of input elements.
The Relationship
The input- output statement and the interrelationships of its elements are
the key devices utilized to ensure balance of the input elements. The statement
is based upon the premise that what goes in must come out. Going in are direct labor and material and indirect expense. Coming out are cost of sales and
inventory increase or decrease. The number of input elements will vary, depending upon the organization and the accounting system employed but they always
will include direct labor, direct material and indirect expense and, in addition
to these basic elements, partially burdened labor (off - premise field service and
in -plant research studies), nonburdenable direct premium time and nonburdenable direct material (vendor direct deliveries, travel, etc.)
By relating these elements to each other, to the total input and to manpower,
where applicable, a series of control curves and factors based upon historical
data can be developed. All the required information should be readily available
in the company's financial records. The primary source of data utilized for initial
preparation of the curves at Ground Systems Group came from the monthly
statement of operations. These monthly documents provided all of the output
elements and input elements except nonburdenable direct premium time and
nonburdenable direct material. It was necessary to develop this data from the
tabulating runs which report monthly cost elements. The manpower information was extracted from another such run. It is the practice at Ground Systems
Group to update the control curves each month so that they reflect current trends
at all times.
Factors are developed on both an annual cumulative rate basis and on a
monthly rate basis. It is through the use of the control curves that realistic
balance can be achieved. For future projections, as in an annual plan or budget,
trends can be predicted by analyzing past and present cumulative factors. For
short -range projections, as in a monthly forecast, the current level of operation
is the significant factor. Curves 1 through 6 on Exhibit 1 illustrate some of
these factors.
26
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The Procedure
Let us examine in more detail the use of the input- output statement and control curves by assuming a projected annual effort of $100 million (cost of sales
and inventory increase). Let us assume further that this figure represents management thinking and has been substantiated at the operating department or
project level by analysis of known business and an estimate of the anticipated
unknown business, and has been detailed to the level of direct labor, direct material, indirect expense, etc.
Once the total effort level of $100 million has been determined, the financial
planning group responsible for coordinating the annual plan or budget will
begin to prepare the plan in parallel to the operating departments by utilizing
the gross approach. The first phase develops annual manpower averages by use
of the control curves. Curve 3 would yield 6,500 total average heads for $100
million annual effort. Curve 4 would indicate that 4,335 of these were direct
and 2,165 indirect. Allowances are made for direct personnel on vacation, holiday, and sick leave to develop the average direct manpower charging contracts
which, in the example, would be 4,010. The next phase determines the dollars
of ;nwif ele^ fq hq� ed upon the manpower and other relationships. From
Curve 1, total direct labor base equals average contract direct manpower (4,010)
times the selected salary per head per month ($615) times 12, or $29.5 million.
From Curve 2, material base equals the selected percent of total input, or $22
million. From Curve 5, total indirect expense equals the average total manpower (6,500) times the selected expense rate per head ($530), or $41.2 million annually. These first estimates are approximate; however, since more than
one curve usually can be utilized to develop each input element, a high degree
of cross - checking can be performed even this early in the procedure. Once
these cross - checks have been made and management is satisfied with the results, a preliminary balance plan can be prepared, and tentative direct and indirect costs can be determined.
As soon as the mass of detailed input from the operating departments /divisions has been submitted, the process of sorting and summarizing is accomplished. The manpower levels and input elements as submitted, and as seen
together now in the company total for the first time, are compared to the
preliminary balanced plan. This includes a comparison of factors derived from
the detailed input as well as the dollar totals. The same procedures as indicated
earlier are employed except that, instead of selecting factors from the curves
to determine the input elements, the elements as submitted are used to calculate
factors which are then compared to the historical data on the curves and to the
1UNE, 1962
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suggested future factors prepared by the coordinating financial planning group.
Where deviations result, they are first discussed with management and then
discussed with the staff and operating departments /divisions. This follow -up
coordination generally results in agreement at all levels at this time. The suggested revisions may be modified somewhat if there are compelling reasons
stated by the affected organizations, but the net result is a balanced plan to
which all areas are committed.
The hypothetical situation just considered has been oversimplified somewhat
to illustrate the basic procedure. There may be a number of coordinating sessions on specific points during the preparation phases. The element of indirect expense receives more attention than was indicated above. The actual procedure involves examination of each of the categories of indirect expense such
as labor, company benefits, material and supplies, utilities, rent, taxes, travel,
etc., as well as the total. The techniques utilized are extensive enough to form
the basis for a separate paper and will not be discussed further here, except to
note that gross forecasting techniques have been developed which will permit
accurate and realistic projections without getting into subcategory or account
detail.
Other factors which must be considered when using the control curves are
the total product and organization mixes which were present over the time spans
of the historical data. Each separate division of a large company should be considered independently by the financial planning group, in order to define the
mix of product and manpower. Varying program types will vary the factors,
that is, material as a percent of total input will show an upward trend as the
dominant phases in a research and development organization move from study
through hardware - oriented research and development through pre - production.
The average salary per contract direct head also will experience a change, in this
case a downward trend as the manpower mix changes from highly paid scientific and engineering personnel to include lower paid engineering, drafting and
shop personnel.
The time span considered also will affect the factors. The discussion so far
has concerned itself primarily with the annual approach, but the techniques are
just as valid on a monthly basis. However, further refinements must be considered here, such as the monthly rate effect of vacations, holidays and sick
leave on expense and the direct labor base. Curve 6 is an example of the
monthly pattern experienced.
The point which should be made is that the system does not provide a "cut and- dried" formula which can be utilized without the practice of judgment.
The judgment factor is necessary in analyzing both the historical comparisons
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and the future projections. What the system does provide is the basis upon
which sound decisions can be made after exercising the judgment and intelligence necessary to the formulation of any realistic forecast, budget, or annual
plan.
Current Applications
The Ground Systems Group of Hughes Aircraft Company is currently employing the input - output statement and control curve techniques in preparation
of the monthly moving forecast, monthly expense budgeting, and annual
financial plan. It should be pointed out that due to the time elment, the
monthly moving forecast (a projection each month of four months into the future with extension each quarter to include four quarters in addition to the next
four months) is not prepared by the "grass roots" approach at the operating
departments /division level. The coordinating financial planning group forecasts the cost -of -sales and inventory changes by major program, utilizing
expenditure and manpower data maintained on the major contracts and "normalized curve" projections on anticipated contracts. The input balance is provided by the input- output statement and control curves.
As an example of the results which we have experienced since implementing
the system in its present form, the cumulative variance to actual in the monthly
moving forecast has been less than 2 percent in total and less than 3 percent
in the major elements of direct labor base, direct material base and indirect
expense.
In the category of expense budgeting, forecasting a realistic direct base is
essential to proper control of the indirect expense and conformance to labor
overhead rate goals. The annual expense goals are not revised except when management has changed its objectives. An unrealistic expense budget is worse
tliari none at all. The operating departments control the expense targets within
the general limitations of indirect manpower (headcount), total expense dollars, and labor overhead rates established by management in the annual plan
and as reviewed each quarter and restated by the coordinating financial planning
group. Once again, the input- output control curves perform a vital service.
Future Extensions— Automated System
A portion of the output forecast is now operational on the IBM 7090 through
the use of "normalized curves" where historical data on similar types of programs has been utilized to develop curves which will provide projections of exJUNE, 1962
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penditures. A further step, scheduled for operation during the first quarter of
1962, is to pick up the latest actual costs from the work -in- process magnetic tape
and to have the computer automatically re- forecast and re- schedule the projected curves to completion on current contracts, based on the history of discrepancies between forecasts and actuals on each contract.
The next phase of effort towards an integrated operational forecasting system
is to apply the logic and judgment exercised in the manual input- output control system to flow charting, and to program this system. Work is now under
way in this area, and the input forecast program should be operational during
1962. In the process, the entire program is being transferred for use on IBM
1401/7070 equipment.
Once the elements of contract costs have been determined by these procedures,
sales and profit planning may be considered. A system to provide management
visibility in this all- important area and the equally important item of contract
cash How is currently being defined and programmed to become a part of the
aforementioned operational forecasting system.
It is anticipated that in the not- too - distant future, the entire realm of contract costs, sales, profits and cash How will be forecast by the computer. A significant portion of the manual effort now involved in this task can be utilized
for the more important task of analyzing the data and providing the basis for
more effective management decisions.
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Emerging Role of Mathematical Methodology
in Accountancy
by NORTON M. BEDFORD, CHARLES H. GRIFFIN and
THOMAS H. WILLIAMS
for the use of
mathematical methods in the development of accounting theory and
practice have been received with mixed
emotions by members of the profession. If one brushes aside the emotional cobwebs, it is possible to recognize three rather distinct areas of
association between mathematics and
accounting. First, the symbolic expression of accounting concepts is a
point of interest for those concerned
primarily with more accurate communication among accountants. Second, the
continued use of mathematical formulas in solving practical accounting
problems remains a rapidly expanding
area. Third, the use of mathematical
logic in the development of accounting theory is an area of some promise.

R

ECENT PROPOSALS

Symbolization and
Intra- Accounting Communication
When preciseness in the communication of information on economic activity was not so important, and where
a less complex civilization tended to
provide a uniformity of experience to
associate with the meaning of a word,
the natural language served well the
needs of intra - professional communications. As society becomes more specialized and complex, our accumulating experiences grow more varied. The
problem of promoting greater precision in communication is compounded
by this. Such a situation now prevails
in the field of accountancy.
Support for the use of symbols in
accounting literature is provided by
a study of the history of the development of some of the more ad-
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statistical tool of management —and
this use does represent its greatest
practical application —there is growthe extended use of symbolic ing recognition that accountancy is esprocedures opens up so much which sentially an applied social science. Efis both new and important that sym- forts of economists to develop an unbolic logic becomes an immensely derstanding of the operation of our
deeper and wider study than the economy through social accounting
logic of tradition. . . "Arithmetic,
at first, lacked any more appropriate have provoked an appreciation of the
medium than that of ordinary lan- accounting problems in recognition
guage. Ancient Greek mathemati- and classification of relevant data. Recians had no symbol for zero, and cent theoretical articles have referred
used letters of the alphabet for other several times to the possibility that the
numbers. As a result, it was imposdevelopment of accounting theory as a
sible to state any general rule for
systematic
body of knowledge may indivision —to give only one example. Had it not been for the adop- volve the study of areas well beyond
tion of the new and more versatile current practice.
ideographic symbols, many branches
The idea that accounting is in the
of mathematics could never have nature of a social science for which a
been developed, because no human
mind could grasp the essence of structure of accounting theory at an
their operations in terms of the pho- abstract level may be developed, sugnograms of ordinary language! ", gests that practice will follow theory
Historical studies of the growth of into new and broader areas. When
the sciences of physics and chemistry theory discloses new opportunities,
suggest that, as these disciplines ad- practice may be expected to adopt
vanced, the need for more precise ter- them. The advantage to this approach
minology resulted in the use of mathe- is that neither theory nor practice will
matical notation. In the social sci- be restricted by historical traditions.
ences, the rather recent emphasis on Rather, as a social science, accountancy
symbolic notation in economics and may be expected to follow the paths of
psychology supports the view that sym- other scientific disciplines in the use
bolization contributes to the develop- of symbols for precise communication
and thinking. Even if accountancy is
ment of various areas.
While there are those both in and to have no high -level theory and is
out of the field of accounting who still not to be a science, the institutional
look upon accountancy as merely a setting in which the technology is
practiced (electronic data processing,
1 The World
of Mathematics, Newman, operations research, automation, etc.)
James R., ed., Simon and Schuster, New
York, 1956.
suggests that practicing accountants
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vanced fields of knowledge. In the
areas of logic and mathematics, Lewis
and Langford point out:
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need a strong familiarity with symbolic notation.
Application of Mathematics
In Accounting Practice
The last decade has given rise to
many new developments in the application of mathematical techniques to
business decision - making. The impetus
for this significant advance in the rigorous analysis of problem situations
was provided by World War II. The
success in applying mathematical techniques to problems of war motivated
attempts to extend the methodology
into the business world. As a result,
a new and rapidly expanding discipline generally characterized as "operations research" or "management
science," has evolved.
These techniques necessarily utilize
certain historical data, drawn from the
accounting records, in order to evaluate the situation; however, the actual
determination of the optimal decision
itself is an extension of interpretive
accounting. Indeed it represents a new
staff function which may conceivably
dictate the necessary type of accounting information. If accounting practice is to be sensitive to managerial
needs, it must remain alert to the nature of the information utilized by
these new techniques.
Furthermore, the accountant is the
logical individual to implement these
mathematical methods. After a special
study has been conducted by the operations research analyst, the ad hoc
JU NE , 1962

model, representing the conclusions of
the study group, is merely an addition
to the kit of standard models available
to the industrial accountant. Thus, acquaintance with the techniques of
mathematical analysis should suggest
problems requiring special investigation and, at the same time, expand the
tools of interpretive accounting, i.e.,
accounting for managerial control.
The extent of the mathematical
ability possessed by the individual accountant will establish the boundary
for the techniques available to him.
Granting a diversity in individual capacities, the first area for consideration
is the collection of standard mathematical models, since the scope of the
new methods is best apprehended 'by
an investigation of selected, illustrative examples. The range of mathematical sophistication will be illustrated
by three examples.
For the first example, we note the
formulation of a set of three equations
—net balance at the end of any year,
depreciation accrued to the end of any
year and depreciation taken in any
year —for both declining balance and
sum -of- the - years- digits depreciation.2
The construction of these equations
requires only the use of algebra and a
symbolic abstraction which exposes the
structure of the depreciation element.
This model should certainly facilitate
the depreciation computation.
2 "T he Mathematics of Accelerated Depreciation," Paul H. VanNess, N.A .A.
Bu!leein, April 1961.
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For a second example, consider the
application of statistical sampling to
accounting and auditing. Drawing
upon the models of mathematical statistics —which is based upon probabilistic statements — accountants and
auditors have tested accounts receivable, taken a physical inventory, and
determined the interline revenue settlements between airline companies.
Whereas these and many other examples have been based upon objective probabilities, there now exist
exploratory efforts to utilize subjective
probabilities for decision- making purposes. If this development proves
feasible, the accountant should be prepared to implement it.
Finally, the relevance of mathematical programming to costing for
management decisions has been investigated, and three types of decisions
amenable to this treatment were isolated: incremental, performance control, and development planning. If
this approach is to be used, "there are
two necessary prerequisites. They are
mathematical programming models for
planning and an appropriate cost accumulation system. Access to a large
electronic computer is implied in availability of mathematical programming
planning models.'" The accountant
clearly is not responsible for the preps Langford W . Smith, Jr., "An Approach to Costing Joint Production Based
on Mathematical Programming: With an
Example from Petroleum Refining," (unpublished Ph. D. thesis, Stanford University,
1960) , p. 171.
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aration or operation of this model, but
he is ineluctably related to any decision process based upon a "cost
accumulation system."
Another area of opportunity is the
recognition of problems which might
be more beneficially resolved by the
application of special quantitative research techniques. This additional
service to management clearly cannot
be provided until the accountant has
obtained a certain degree of proficiency
in the application of standard mathematical techniques. Contrary to one's
intuitive notion, however, the ability
to recognize these problem situations
should develop rapidly. After the initial mathematical orientation has been
accomplished, a critical survey of the
relevant literature, with particular
alertness to possible applications, might
suggest analogous problem situations
in one's own company. If they are not
immediately appropriate, at least the
accountant's accumulated knowledge
of possible applications has been increased.
Accumulating evidence thus supports the belief that mathematical
analysis offers new avenues for accounting service. It is not proposed
that the accountant assume the role
of a mathematician or that he forsake
his established function. Rather, it is
suggested that ( 1 ) he should become
aware of the data necessary for the
utilization of mathematical techniques
in business decisions and ( 2 ) he
should equip himself with any new
N.A.A. BULLETIN

tools of analysis which appropriately
fall within the established domain of
the accounting function.

tion of accounting theory, the authors
attempted to systematize the generalizations of that time. Their effort certainly represented a consequenceMathematics and
relation ordering based upon their
Accounting Theory
conception of the underlying postu"The question of the use of a tech- lates of accounting. Additional creative
nique of theory construction arises as formulations at this level of abstracsoon as a number of ... generaliza- tion would obviously have a salubrious
tions have been established and it effect on the significance or value of
becomes necessary to order them in a accounting theory.
system.*" Adoption of the axiomatic
However, if deductive analysis is
method implies a consequence- relation vigorously pursued and if the axio(order) among the statements of the matic method is accepted as a useful
theory.
systematization of uncorrelated theoIs the axiomatic method relevant to rizing, it is appropriate to consider
accountancy and, if so, what is the re- mathematics. While mathematics is, in
lation of mathematics to this method? general, not as rigorously formulated
It seems manifest that deductive analy- and manipulated as modern symbolic
sis plays a major role in accounting logic, it does represent a patently actheory. In our analyses of particular ceptable methodology for the applied
problems, we are constantly building science. Since mathematics is per se
a stock of generalizations. It, there- deductive analysis, injection of mathefore, seems highly desirable, in light matics into theoretical formulations
of the recent criticisms of inconsisten- tends to encourage proper deduction;
cies in accounting theory, that these if a flaw does occur in a reasoning
generalizations be ordered in a system. process, the mathematics, use of which
It is not absolutely essential that requires an explicit statement of hymathematics or symbolic logic be em- potheses, exposes this more often than
ployed in efforts to frame a consistent a comparable verbal exposition. The
theory; for example, the monograph employment of mathematics--a rigorby W. A. Paton and A. C. Littleton ous, deductive discipline —aids the
remains a classical contribution to ac- effort to consider only those propocounting literature.5 In this formula- sitions which are logically derived
from the postulated concepts.
4 The Technique of Theory Construction,
J. H. Woodger, The University of Chica go
Accounting theory has not yet been
Press, Chicago, 1939, p. 76.
5 Introduction to Corporate Accounting
subjected to an intensified effort to
Standards, W. A. Paton and A. C. Littleton,
axiomatize it; only one such attempt
American Accounting Association, Columbus, Ohio, 1939.
has been made. Professor Richard
J U N E , 1962

$7

Mattessich endeavored to formulate an double -entry mechanism. Accounting
axiomatic foundation for general ac- analyses, however, have not benefited
counting theory, based upon the axi- from any particular notational schema,
oms of plurality, double effect and and accounting theory has been relatime period.6 This analysis focussed tively devoid of symbolism. Improveupon the bookkeeping structure, in the ment of this condition is a sine qua
two - valued case.7 In addition to negat- non to a more precise communication
ing the assertion that general account- of ideas. Such correction may be initiing concepts do not lend themselves ated by the introduction of mathematito mathematical analysis, this theory cal techniques into accounting analyses;
suggests that the accounting structure indeed, the mathematical notation used
—the bookkeeping mechanism —might in newly developed analytical techbe generalized to more than a two - niques now appears frequently in acvalued system; indeed, we might counting literature. In view of the
eventually possess more than one ac- limitations of the natural language
counting structure, analogous to the and the spectacular achievements of
plurality of non - Euclidean geometries the physical sciences, mathematical notation offers the promise of a desirable
now in existence.
Nothwithstanding the ultimate pos- symbolization process. Furthermore,
sibility of a mathematical analysis of this type of notation seems to be the
general accounting theory, it may be very essence of that degree of symmore reasonable to expect increasing bolism, about which Tobias Danzig
mathematical formulations of more comments: " ... the tremendous imspecific problems. In addition to the portance of
symbolism lies not in
...
rigor introduced into the particular
sterile attempts to banish intuition
...
analysis, this process may well provide from the realm of human thought, but
a foundation of mathematical formu- in its unlimited power to aid intuition
lations which periodically may permit in creating new forms of thought." 8
more general analysis.
Mathematical development in the
area of accounting analysis would not
The Promise of
only orient thought toward symbolic
Mathematical Notation
notation and precise formulations, but
The accountant possesses a singular it would also increase the generality
type of symbolization technique in his of the concept and relations embodied
in accounting theory.
8
"Towards a General and Axiomatic
of
Accountancy,"
Richard
Mat
Foundation
8 Numbers,
the Language of Science,
Accounting Research, October 1957.
tessich,
7
Debit and credit are the normal inter- Doubleday Anchor Books, 1956, Garden
City, P. 100.
pretations of these two values.
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Can We Pass the Chi Square Test?
by PAUL R. McCLENON
AUDITORS, in
effort to keep up
with today's literature in the field of
management, find themselves exposed
to more and more statistical terms.
Many of us had only sketchy coverage
of basic statistics during our formal
schooling, and for some of us even
that was many years ago. Although
we may recognize the desirability of
some specific refresher coverage, we
often find that sufficient time is not
readily available. What then can be
done, other than to continue to skip
those articles which seem to assume
that the reader has a better background
than we do?
This article represents one possible
approach. If each of several statistical
tools can be described in relatively
simple terms, perhaps we can feel
more nearly among friends when reading papers which mention these tools.
This article discusses the chi square
test for goodness of fit. This test is
referred to from time to time in management literature, and it may —once
understood —be useful to accountants.
At any rate, the material which follows
CCOU N T AN T S

A the constant

AN D

is intended to remove the mystery
which might otherwise surround the
term "chi square test."
Why Is It Chi Square?
The name of this test is not of
much significance. The Greek letter
corresponding to X is chi, and the
specific values which are measured in
this test are arbitrarily called chi values. (They could just as well be called
"d" —for difference — values, or by
any other name.)
So much for the chi; now how about
the square? Accountants are familiar
with the situation where a number
of fairly large adjustments or differences tend to offset one another. Sometimes there are reasons for wanting to
identify the gross amounts without offsets. When one set of measurements
is subtracted from another set of
measurements, some of the differences
may be positive and others negative.
When a numeric value is multiplied
by itself the result is positive, whether
the value was positive or negative. In
the chi square test, the chi values are

PAUL R. McCLENON, Washington Chapter (Philadelphia, 1950), C.P.A., is employed
by the Rand Corporation. He was formerly with the U. S. General Accounting Office, the
National Bureau of Standards, and Arthu r Young & Co. Mr. McClenon graduated from
the George Washington University with an A.B. degree and from the University of
Pennsylvania with an M.B.A. degree. The au thor was awarded an N.A.A. Certificate of
Merit (in 1 961.62) for this paper.
JUNE, 1962
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determined by squaring certain differences, some of which are positive and
others negative. Although avoiding
negative numbers is not the primary
reason for using squares in statistical
work (in such tasks as computing
standard deviations and chi square values), the use of squares in judging the
significance of variations does take care
of the desire to measure the gross differences without offset.
Purpose of the Test
The chi square test is a test for the
reasonableness of the agreement between some actual observations and a
theoretical description or expected set
of data. In other words, it is a test of
the amount by which a given (observed) distribution differs from another (hypothetical) distribution. If
the two distributions are similar, the
chi square value computed as prescribed for this test will be a relatively
low number; if the two distributions
are not similar, the chi square value
will be relatively high. The computation of this value, therefore, offers us
a technique for determining whether
two distributions are similar.
Checking on the similarity of a set
of observations with the observations
which should be expected under a
given theory is a little like using blood
types to test for paternity. Sometimes
it is possible to get strong evidence
of dissimilarity, but a low chi square
value is not proof that the hypothesis
is valid.
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The chi square value is a measure
of the discrepancy between a set of
observations and the (theoretical) observations which would be expected
under some specific hypothesis. The
greater the discrepancy, the greater chi
square. Because the chi square test
has been much used, tables are readily
available to show the random sampling variations of chi square, and we
can find from such tables whether the
discrepancy (between the actual and
the theoretical observation) is greater
than that which can reasonably be attributed to chance.
The chi square test, then, offers to
an accountant, as to any other investigator, one way to determine whether
a proposed hypothesis should be rejected. The investigator may be
clever in devising useful theories to
test, remembering that the chi square
test can destroy them, but cannot prove
them. When a theoretical universe of
possible observations is described, the
chi square test can be used to show
whether the actual observations reasonably could be from that universe.
An Illustrative Case
Suppose that company employees
have reasons for traveling from headquarters to certain company locations
which are geographically far from one
another. The work goes on at all locations all year long. Some critics
have suggested that the southern locations are visited more in the winN.A.A. BULLETIN

ter and the northern locations in the
summer and that this tendency furnishes reasons to believe that personal
motives influence the decisions to
travel. A random sample of 100 recent trips shows the following:
South in summer
North in winter
Subtotal
South in winter
North in summer
Subtotal
Total trips

15
23

enough to show that the actual observations are from a universe other
than the "equal distribution" universe.
In other words the preponderance of
pleasant trips might be caused by the
random fluctuations of sampling. No
corrective action is needed.
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Calculation of Chi Square Value

29
33
62

100

What conclusions can be drawn from
the sample findings? Is the preponderance of "pleasant" trips greater
than what might be reasonably expected in a sample of this sort?
Here there is a need for a hypothesis. A reasonable one is that all four
kinds of trips are equally likely. If all
trips are equally likely, should we be
surprised at getting the results which
we actually did get from our sample?
The chi square test can be used to compare the equal distribution hypothesized with the sample findings.
As indicated below, the chi square
value in this comparison is not high

The calculation of the chi square
value (for the illustration above) is
done by the following steps:
1. Determine for each observed result the expected frequency under the hypothesis being tested.
In this case, where the total sample is 100 and each type of
travel is equally likely, the expected frequency for each is 25.
2. Subtract, for each result, the expected frequency from the actual
observed frequency and square
the differences.
3. Divide each of the squared differences by the expected (theoretical) frequency (25 in our
case) .
4. Add the resulting quotients. The
total is the chi square value.
The results of these steps are displayed below:

CALCU LAT ION OF CHI SQU ARE FOR FI RST I LLU ST RAT I ON

Dill.

Frequency
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Theoretical (a -t)

25
25
25
25
100

—10
2
4
8
0

—

15
23
29
33
100

+

Actual

+

Class

South summer
North winter
South winter
North summer
Total

( a- t ) 2
(a -t) 2

100
4
16
64
184

1

4.00
.16
.64
2.56
7.36
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Evaluation of Results
The calculation shown above provides the value 7.36 for the discrepancy between actual and expected observation. What does this mean? It is
a measure of the difference between
the hypothetical universe of equally
distributed trips and the actual universe of 100 trips selected in the sampling process. Because statisticians
know a lot about the probabilities in
sampling, they can tell us how likely
it would be to get a difference this
great in the sample if the universe
from which the sample was drawn was
the hypothetical universe.
It is usual to say that any difference
so great that random sampling would
supply so great a difference only five
percent of the time is a significant
difference. In other words, a difference which is unlikely (probability of
19 to 1 against it) to have been caused
by chance is deemed to have been
caused by some other factor. Users of
the chi square test generally agree that,
if the observations (actual or "a" values) are not as likely as five percent
to have come from the hypothetical
universe, then there is a significant difference between the actual observations
and the hypothesis. Similarly the one
percent likelihood is accepted as the
margin for highly significant differences.
In order to use these conventions,
we need two chi square values for
comparison with our 7.36—one value
for significant differences and a higher
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chi square value for highly significant
differences. Tables of chi square values can be readily found in statistics
books and in collections of mathematical reference materials. (Two examples are Standard Mathematical Tables published by Chemical Rubber
Corporation and Tables for Statisticians, in the Barnes and Noble College Outline Series; both are inexpensive and both contain other tables
which are of potential value to an accountant.)
Reference to a table of chi square
values shows the need for identification of the number of "degrees of
freedom" available. A full explanation of "degrees of freedom" is not
needed here. A simple rule adequate
for most accounting situations is that
the number of degrees of freedom is
one less than the number of classes
used in the comparison. (Where an
array of groups in rows and columns
is involved, the number of degrees of
freedom is found by multiplying the
number of rows less one by the number of columns less one. In accounting applications, the use of three or
more columns is so rare that the simpler rule is satisfactory.)
In our illustrative example there
are four classes and, therefore, three
degrees of freedom. Reference to the
table below or any good table of chi
square values will show that for a
significant difference with three degrees
of freedom the value must be 7.815.
Our calculated 7.36 is not this high.
N.A.A. BULLETIN

We then can say that the experiment
was not conclusive; from the observation we have no basis for belief that
the actual trips are different from the
hypothesized ones, and we can find
some other problem to worry about.

(It is perhaps relevant to admit that
investigators may want to continue
their observations when the results approach but do not reach the level of
significance.) The significance table
follows:

EXTRACT O F VALUES O F CHI SQU ARE *

1
2
3
4
5
6
7
8

9
10

Significant
S%

Highly significant
1

3.841
5.991
7.815
9.488
11.070
12.592
14.067
15.507
16.919
18.307

6.635
9.210
11.341
13.277
15.086
16.812
18.475
20.090
21.666
23.209

%

Degrees of
freedom

*Extracted from Statistical Tables for Biological, Agricultural and Medical Research,
R. A. Fisher and F. Yates, Second Edition, 1943, Oliver and Boyd, Edinburgh.

No Need for Equality
This illustrative example compared
observations with a theoretical equal
distribution. The comparisons can be
made with any theoretical distribution,
and the technique for computing chi
square is the same. Statisticians, however, warn us to avoid conclusions
which are based on chi square values
when any of the theoretical values are
numerically small. If the theoretical
distribution to a class is less than 10,
for example, it will usually be desirable to combine the class with another one. Notice that this special care
applies to the theoretical or hypothetical value (which is used as a diJUNE, 1962

visor in the calculation). If the number actually observed in a class is zero,
no special care needs to be taken; the
resulting chi square value will give
appropriate recognition to the deviation from the expected number in that
class.
An Example Using More Classes
The same computational technique
can be applied when the number of
groups which can be considered is
greater than the four used in the
above illustration. Here is an illustration where the items under discussion can be in any one of twelve subgroups.
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A company has six different types
of inventory subject to perpetual records and a continuous program of
physical counts. A representative sam-

Shortages

Inventory type
A
B
C
D
E
F

Totals
Of the 399 Adjustments, 212 (or
53/0) were for shortages. It is recognized that physical breakage and
other similar factors can cause shortages which are not offset by overages.
An internal auditor could reasonably
inquire whether all six subdivisions
are a part of one homogeneous inventory in which, when records are wrong,
shortages occur about 5 3 % of the time.
Inventory class
A
B
C
D
E
F

212

Once these amounts have been determined, we can readily find the chi
square in essentially the fashion used
in the earlier illustration. We will find
that the amounts of the differences between actual and theoretical values are
44

Overages

Total
adjustments

41
70
29
19
28
25

26
43
45
13
33
27

67
113
74
32
61
52

212

187

399

To determine whether the whole inventory is subject to the same general
experience. one can use the chi square
test. First he should compute the expected or theoretical findings in each
class of the number of inventory adjustments actually analyzed. These
theoretical adjustments would be about
as follows:

Shortages
351/2
60
391/2
17
321/2
271/2

Total

pie of recent adjustments recorded
from the physical counts shows that
the findings were as follows:

Overages

Total

311/2
53
341/2
15
281/2
241/2

67
113
74
32
61
52
399

187

the same for overages and for shortages, and the resulting squared
amounts are identical. But because of
the different theoretical amounts, used
as divisors, we get from each inventory
class two separate contributions to the
N.A.A. BULLETIN

total chi square. The calculation is
shown below. The total chi square is
8.02 plus 9.11, or 17.13. In order to
evaluate this result, we look in a table
of chi square values, recognizing that
in this case there are five degrees of
freedom. The table tells us that a chi
square value as great as 15.086 would

be obtained through the operation of
chance no more frequently than 1%
of the time. We can then conclude
that there is a highly significant difference between the actual inventory
and the hypothetical homogeneous
one. The calculation follows:

CHI SQU A RE F OR T HE I N V E N T ORY AD J U ST M E N T S

Class
A
B
C
D

E
F

Difference
51/2
10
101/2
2
41/2
21/2

dz
30
100
110
4
20
6

Contribution to chi square
Shortages Overages
.84
1.67
2.78
.23
.62
1.88
8.02

A look at the computation above
suggests furthermore that much of the
deviation arises in inventory Class C.
We might be interested in a test of the
remaining observations when this one
class is separated out for special attention. The results of such a modified
test are shown in Exhibit 1. This modified calculation results in a total chi
square value of 5.61. Because there
are only four degrees of freedom in
this calculation, and the table of chi
square values shows that a value as
high as 9.48 can be expected from
chance as often as 5°fo of the time,
we can reasonably conclude that there
is no significant evidence that the remainder of the inventory is not homogeneous.
J U N E , 19 62

.95
1.88
3.19
.27
.70
2.12
9.11

What conclusion could be drawn
from this? Inventory Class C apparently deserves further inquiry. For
some reason this class has an unusual
number of inventory overages. The
reason might be some erroneous issue
procedure which may be passing shortages on to the recipient with long range undesirable consequences.
Fourfold Contingency Tables
The chi square test is versatile. Not
only can it be used for situations where
there are many subdivisions of the universe under discussion, but it also can
be used for a fairly common type of
simple classification which is exemplified in the following hypothetical case.
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Ch i S q u a re Te s t fo r In ve n t o ry Ex c e p t fo r C la s s C
Dis trib u tio n of Ob s ervatio n

In ven t ory
class

Actu al
Shortages
versges
26
43
13
33
27

67
11 3
32
61
52

38
64
18
34
29

29
49
14
27
23

67
113
32
61
52

183

14 2

325

183

14 2

32 5

Co mp u tat io n

C la ss
A
B
D
E
F

Ad ju s tm en ts

41
70
19
28
25

A
B
D
E
F
'

Th eo re t i ca l
orta ges
eragee

Ad ju s tm en ts

Differen ce
3
6
1
6
4

of

Squ are
9
36
1
36
16

Chi

Sq u are

Co nt ribu tion
ortages
eragee
.24
.56
.06
1.06
.55

To t a l

.31
.73
.07
1.33
.70

.55
1.29
.13
2.39
1.25
5.61

EXHIBIT 1

Company travelers are entitled to
use two service clerks in preparing
their claims for reimbursement. The
rules are fairly easy to understand and
most travelers prepare their own
claims. In addition to acknowledging
the morale and convenience benefit of
having the service clerks, the accounting division asserts that those travel-

ers who do not use the service clerks
tend to submit unsatisfactory claims.
The service clerks, in other words, are
reported to perform a useful educational function which would otherwise
have to be done in the accounting division. A sample of travel vouchers is
selected at random and the vouchers
have the following characteristics:
Prepared by
Service clerks Traveler

Vouchers with deficiencies
Vouchers without deficiencies
Totals
46

Totals

9
43

40
108

49
151

52

148

200

N.A.A. BULLETIN

Does this sample confirm the belief
of the accounting division? Or could
the superior quality of the service clerk
vouchers be attributed to the vagaries
of sampling and are all travel vouchers
of the same general quality without
regard to manner of preparation? The
chi square test can be used to help answer such questions. An array of the
type presented here is called a fourfold contingency table because each
item must be classified into one of the
four boxes. This kind of cross- classification of two characteristics is common in many fields, including financial
management.
In an array of this type, there is
only one degree of freedom. The
reader will recognize that, when the
marginal totals are known and the
four values of the cells are not known,
any one of the four cell values can be
freely selected and the other three will
then be fixed.
One special point which requires attention in connection with the fourfold contingency table is the correction for continuity. The tables of chi
square are based on the normal curve,
while the exact probabilities for any
actual case could be computed by a
tedious calculation using the binomial
series. With more than one degree of
freedom the two techniques give results which are, for practical purposes,
the same. The normal curve provides
a continuous smooth curve, while the
exact probabilities are truly represented
J U N E , 1962

by a discrete series of little steps. In
calculating the exact probabilities, for
example, we would have to recognize
that a voucher must be either good or
bad; we never classify a fraction, and
we therefore have a jump from, say,
26 vouchers with deficiencies to 27
vouchers with deficiencies. Without a
correction, the calculated ,chi square
value for fourfold contingency tables
would be too high. When chi square
values are computed as described
above, the correction (when needed)
is applied by reducing the numeric
value, without regard to sign, of the
differences between actual and theoretical distributions. The reduction is
always in the amount of one -half at
each comparison, and is made just before the difference is squared.
One comforting thing about the
fourfold table is that the four differences between theoretical and actual
are all the same. The calculation of
chi square is, therefore, not too difficult. First a hypothetical distribution
(which may include fractions) must
be created for the comparison. In the
given example, if 26% of the vouchers are prepared by service clerks, and
we are testing the hypothesis that the
manner of preparation has no impact
on the deficiency rate, it is reasonable
to expect, of 49 vouchers with deficiencies, 26 Jo (or 12.74) from the
service clerks. We can then readily
fill in the rest or the hypothetical distribution as follows:
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Service
clerks

Travelers

Totals

With deficiencies . . . . . . . . . . . . . .
No deficiencies . . . . . . . . . . . . . . . .

12.74
39.26

36.26
111.74

49
151

Totals . . . . . . . . . . . . . . . . . . .

52.00

148.00

200

For each of the four "boxes," the
difference between the actual and the
amount expected by this hypothesis is
3.74. The correction for continuity
requires that 3.74 be reduced to 3.24.
(The reduction is always .50. If the
difference is not this great the verdict
will be "not significant. ") Now for
each of the four boxes we must square
3.24 (getting 10.4976) and divide the
result by the assumed quantity. The
four results are:
10.4976/ 12.74 = .824
10.4976/ 36.26 = .289
10.4976/ 39.26 = .267
10.4976/111.74 =.094

Total chi square 1.474
This result should be compared with
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3.841 for significant differences (and
with 6.635 for highly significant differences). The value found is well
below the criterion, and the sample
has not supplied significant evidence
that the service clerks do improve the
quality of the vouchers.

Introduction Only
The foregoing is not intended to
compete with statistics texts, to which
interested readers are hereby referred.
This paper's purpose has been to describe the chi square test and to show
it in use enough so that accountants
can understand those who use it. A
secondary purpose is the suggestion
that there are circumstances where accountants might do well to have such
a statistical tool used.

N.A.A. BULL ETIN

Could Game Theory Aid Capital Budgeting?
by WILLIAM G. NELSON IV
the capital
problem involves the
productivity of the capital under consideration for investment. Once the
firm has decided what it will build and
what the expected return on investment is, the latter part of capital budgeting, involving "cost of capital," can
be completed, but not before.
This article is particularly interested
in the question raised in the primary
part of the problem since it is the
fundamental decision to be made for
a capital budget. Thus, the capital budgeting problem may be phrased in the
following manner. We want to know
how much to invest. This depends,
among other things, upon future sales,
and we can never know in advance just
what they will be. How can we use
what we do know about future sales
to make the best possible decision
about the nature and the size of the
capital budget?

most likely one) and then tailor the
capital budget around it. For example,
a firm may decide that it will build
a large plant if sales are going to increase 20 percent and a small plant if
sales are going to increase 10 percent.
Marketing analysis tells them that the
probabilities favor the 10 percent
growth rate. Therefore, the firm will
pick the most likely alternative—the
10 percent growth rate. The capital
budget will be possible for protection
in the eventuality that the larger
growth rate occurs. However, the important point to notice is that, once
the most likely forecast is selected, the
rest of the forecast possibilities are excluded in the remainder of the capital budgeting procedure. This point
will be illustrated and discussed further in the course of this article.

There are many capital budgeting
methods and most of them have a common attribute. They require the budgeter to pick one forecast (usually the

Game theory or, more properly, the
theory of games of strategy is a mathematical method of analyzing a conflict. The alternative is not between

HE PRIMARY PART Of

T budgeting

Game Theory —A Method of
Analyzing a Conflict
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this decision or that decision, but between this strategy or that strategy to
be used against the conflicting interest. The conflict thus is called a game
and the opposing interests are the players. One of the two players may be
nature or the economic future. As in
any game, each player has a choice of
many strategies, but only one strategy
may be employed. A strategy is a complete prescription of a player's moves
throughout a given play of a game.
Each player wishes to use that
strategy which will maximize his average gains. This average gain is called
the value of the game and can be calculated. If the game is correctly played,
the player will receive this value. The
total assets involved in the game do
not change. Of course, one player may
gain at the expense of the other.
Instead of forcing the firm to pick
one course of events as the most probable and then using this forecast as a
basis for the capital budget, game
theory allows the firm to consider all
possible future courses of events. The
firm uses all its possible forecasts and
then finds the best capital budget, regardless of the future. The reader can
well imagine what it could mean if he
knew that a certain course of action
would not bring him any more than a
fifty - percent profit but would g u a r a n t e e a t l e a st ten - p erce nt p r o f i t . A word
of caution seems appropriate — the
game theorist sacrifices the chance for
a perfect success which, after all, depends on so many things being just
50

right. He retains, instead, the absolute knowledge that he can win at
least a specified minimum if everything
goes against him in the future, while
restricting himself to a specified maximum if all goes well.
Any businessman who is faced with
a conflict situation, that is, any decision where people have conflicting interests, has a situation that is possibly
ripe for an application of game theory.
In fact, any decision concerning the
future is a conflict situation in that nature itself is potentially in conflict with
all human plans. The term, conflict
situation, implies a decision to be
made. Thus, the decision maker exerts
some element of control over the outcome of events., This is an essential
for game theory application.
To fully understand game theory
would require a thorough grounding
in higher mathematics. However, a
feel for it, a sense of what is involved,
can be illustrated with simpler mathematics. And this understanding can
throw a much more informed light on
how to go about making the "right"
decision. This is true if, as many businessmen feel, capital budgeting is an
art. A scientific method which might
give a clearer insight into this art certainly is worth considering.
We will now assume a capital budgeting problem and work it out two
different ways. One way will follow
the accepted procedure of forecasting
I For example, the decision maker in a
capital budget decides the magnitude of the
proposed expenditure.
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a future trend and then building the
capital budget to gain with the expended resources the most from the
expected trend. The second capital
budget will use a game theory approach. Every possible course for the
future will be considered. The most
probable forecast, used alone in the
first method, will here be used and recognized as the most likely forecast.
But it will not be considered the only
forecast. Further, the capital budget
will not have to be constructed on the
premise that the most likely forecast
is the forecast at all.

Pertinent Data
Assume that Vinyl Chloride Chemical Company, with the aid of pilot
plant studies, linear programming and
other costing methods, has narrowed
its alternative unit capacities to three
and has evaluated the rate of return
under every output possibility. The
three proposals are:
A fifty- million - pound - capacity
unit,
2. A seventy- five - million - poundcapacity unit,
3. A hundred- million - pound -capacity unit.
1.

The company also decided that there
are three possibilities for the future
growth in demand for polyvinyl chloride and has quantified these growth
possibilities into rates of three, six or
nine percent per year. The forecasters
have attached the following probabilities2 to each of the three growth rates:

Background

JUNE, 1962

A thirty- percent chance that
there will be a three - percent
growth rate.
2. A thirty - percent chance that
there will be a six - percent
growth rate.
3. A forty- percent chance that
there will be a nine - percent increase.
As mentioned previously, the costing group of the company has calculated the rate of return on investment
1.

2
These probabilities were determined by
studying the growth trend of the gross national product and its relationship to growth
chemical sales and, in turn, to-growth in
polyvinyl chloride. The probabilities reflect
the best estimates by the market research
group, of any given growth rate occurring.
in

The Vinyl Chloride Chemicals Company is already committed to a 100
million pound per year polyvinyl
chloride capacity. This year the question concerning further expansion is
under consideration. The company has
concluded that there will exist an increasingly good market for polyvinyl
chloride through the early sixties. The
company feels that, in line with its
production know -how and favorable
competitive position, it should continue to grow with this plastic.
The decision to expand demands the
answer to two basic questions. The
answer to the second depends upon
the answer to the first. The first question is: What will be the growth rate
of the polyvinyl chloride market? The
second question is: What capacity plant
should the company build?
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for all output possibilities for each of
the three proposed plants. This is done
by using a cost -of- construction estimate
prepared by the engineering staff. This
estimate is divided into anticipated net
profit figure. The net profit figure depends upon an estimated selling price
determined by the market research
staff. The fifty - million - pound- capacity
unit will be operating at capacity under each of the three potential growth
rates and will return ten percent on investment. The seventy- five- millionpound - capacity unit will return only
five percent under a three - percent
growth rate but would be producing
at capacity under either of the other

Annual unit
capacities
(millions of
pounds)
50
75
100

two alternatives and would return
twelve percent. The hundred-millionpound -unit would just meet costs under the low rate of growth and could
return only one percent at best. Under
a six - percent growth rate, this large
unit would be closer to capacity and
would return eight percent. However,
if the growth rate turns out to be nine
percent, this unit returns fifteen percent on invested capital.

Conventional Method
Thus, the Vinyl Chloride Chemical
Company has to decide which plant
to build using these facts, presented
now in summary form:

yo Return at successive
demand growth rates
High
Medium
Low
3%

6°fo

9%

10%
5
1

10%
12
8

10%
12
15

Forecast Probabilities:
Low = 0.3

Medium = 0.3

Inspecting the forecast probabilities,
it is apparent that the high growth
rate is the most probable. In fact, it
is thirty -three percent more probable
than either one of the other choices.'
The hundred - million - pound - per -year
capacity unit certainly is the most profitable choice in a period of high
growth rate. The wise choice then apSz

High = 0.4

pears to be the large unit because it
returns the most in the most likely
situation.
The forecast probabilities must add up
to one. The low and the medium growth
rates each have a 0.3 out -of -one chance of
occurring. But the high growth rate has a
0.4 out -of -one chance of occurring. (0.4/0.3)
— 1 = 0.33 or 33 percent. Therefore, the
high growth rate is thirty-three percent
more probab!e than either one of the other
two choices.
N.A.A. BULLETIN

This superficially "right" answer
turns out to be only a good trap when
viewed more exactingly. In fact, by
analyzing this future planning problem from a game theory standpoint, a
completely different, and possibly superior, decision would be made.

Game Theory Method
The problem will now be quickly
transformed into a game and analyzed
accordingly.
The economy, with its three alternative strategies (three, six or nine percent growth rates), is one player. The
Vinyl Chloride Chemical Company is
the opposing player. The company's
alternative strategies are the three unit
capacities.
This game will be played only once.
The company must choose one of the
three units and build it. There will
not be an opportunity to build some
other plant, as though the first one
were never built. The economy, too,
can only go through the early sixties
once. Thus, instead of calculating the
odds involved in the game, which
would give the company the chance to
maximize its gains over repeated plays,
a slight modification will be used
which is best suited for the one -play
game where the opposition's probabilities are known. This modification involves calculating indifference probabilities and comparing them to the
actual probabilities.
J U N E , 19 62

The actual probabilities in this type
of situation are the probabilities of nature providing any particular growth
rate in a random manner to hold the
corporation's gains down to a minimum. Indifference probabilities are a
unique set of probabilities which describe the situation that exists when
each course of action is equally attractive, i.e., when it is a matter of indifference which course of action is chosen. The indifference probabilities can
be compared to the actual probabilities
and the superior choices quickly spotted. For example, if the indifference
probability for a given alternative were
greater that the actual one, the player
should conclude that this is not a good
choice, because it requires a probability greater than the actual one to
make this alternative's attractiveness
equal to the other choices.
Of course, in this case, the company is the player desiring to know
the indifference probabilities. The actual probabilities are the probabilities
of the opposing player making any
particular play. In this instance these
are the forecast probabilities of nature
choosing a low, medium or high rate
of growth.
The indifference probabilities are
calculated in the following manner,
which requires no more than a knowledge of simultaneous equations.
Let: L = the three - percent growth
rate probability coefficient.
S3

to a unique solution for each of the
three unknown probability coefficients.
These three equations are:
1. IOL + 10M + 10H —
5L + 12M + 12H
2. IOL + IOM + l OH
1L +8M +15H
3. L + M + H - 1
—

M = t h e six - percent growth
rate probability coefficient.
H — the nine - percent growth
rate probability coefficient.
By referring back to the summary
of the facts, which is conveniently in
matrix form, an equation can be written for the return on each unit. The
equation takes the form of a continuous function of the first degree, with
the low return on investment setting
the lower limit and the high return
setting the upper limit. Because this
is a continuous function, the value for
return on investment may lie anywhere in between.
Return on 50 M lbs. per year =
10L + IOM + 10H
Return on 75 M lbs. per year —
5L + 12M + 12H
Return on 100 M lbs. per year —
1L +8M +15H
will

be a matter
Which unit is built
of indifference when the return on
each unit is the same. Mathematically
this appears as follows:
IOL + 10M + 10H =
5L +12M +12H=
1L +8M +15H
The alternatives for the future, of
course, must add up to one hundred
percent or, in this mathematical notation, 1. Therefore:
L +M +H - 1
Now three simultaneous equations
can be listed which, in turn, will lead
54

A value for L will be found for each
equation and this will lead to a set of
two simultaneous equations with only
two unknowns. This, in turn, will
lead to a numerical value for one unknown which, when put back into the
other equations, will give each indifference probability its unique value.
In this case the values satisfying the
equations are:
H= 0.571, M- 0. 413, and L—
0.286.
The indifference probabilities can be
compared to the forecast probabilities:
Indifference probabilities
L - 0. 286 M -0.143 H -0. 571

Forecast probabilities
L = 0 3 M - 0. 3 H = 0 . 4
As explained previously, the alternative to choose is the one with a forecast probability greater than its indifference probability. Immediately the
wrong choice is apparent. The company should not pick the alternative
that coincides with the high growth
rate. If the high growth rate had a
57- percent chance of occurring, the
above calculations show that, to build
according to it, would be a matter of
indifference (indifference probability
N.A.A. BULLETIN

percent). The forehas only a 40 -percast shows that
cent chance of occurring; that 40 percent is clearly less than 57 percent
which is the indifference point. Therefore, the company should not build
the hundred -million -pound -capacity
unit. This conclusion is diametrically
opposed to what originally appeared
to be the "right" choice.
Two choices still remain and some
further figuring will clarify their relative worth. These two equations are
again set down.
H = 0.571 = 57
H

50 M lbs.
IOL + 10 M + 10H
Return on 75 M lbs.
5L + 1 2M + 1 2H

Return on

per year =
per year =

The per cent return on the fiftymillion- pound - per -year unit will be
the same as the per cent return on the
seventy -five million - pound - per - year
unit when:
10L +10M +10H—
5L + 1 2M + 1 2H

Solving for L, this equation is:
L -0. 4 ( M + H )
This last equation means that, if
the estimated true probability of a
three - percent growth rate is greater
than 0.4 times the combined estimated
true probabilities of the six - percent
and the nine - percent growth rates, the
fifty - million - pound- capacity is a better
bet than the seventy- five - million - poundper -year capacity. This holds true because the estimated probability of a
three - percent growth rate - is greater
than the indifference probability as
J U N E , 1962

calculated by taking the various unit
returns into account.
The forecast probability for a three percent growth rate is 0.3. This figure is slightly larger than
0. 4(0. 3 +0. 4)=
0.4 X 0.7 = 0.28.
Since 0.3 > 0.28, the fifty- millionpound- per -year- capacity unit is a little
wiser choice than the next larger one.
The hundred - million - pound - capacity
unit is a poor third.
However, if the probabilities of the
three growth rates had been changed
to L = 0.1, M = 0.1 and H = 0.8,
the game theory method, as just illustrated, would be in agreement with
the more conventional methods. All
would have picked the large plant, to
get ready for the high rate of growth.
Notice that the relative positions of
the growth rates did not change, just
their magnitudes.
The company has maximized its
lowest possible gain and minimized
its highest possible loss at a ten -percent return on investment. Rephrasing
this, the company now knows it will
get a ten - percent return, provided the
basic facts originally presented in the
summary form are correct. The firm
had to give up the chance of gaining
a fifteen- percent rate of return, but it
also knows it will not be held to a
one - percent rate of return.
The Better Method-And an Additional Use
This type of example was inten55

tionally chosen because capital budget rather than exacting facts. "...neither
determined under the game theory is economic nor mathematical theory dedifferent from the more convention- fines with complete precision what
ally determined capital budget. The we mean by an 'efficient' policy." 4
fact that they are different is extremely The businessman calls this appraisal
important. Both methods have the of the future the economic forecast
same available input, and yet one in- or the sales forecast. Given all the
dicates that the larger plant should possible forecasts, game theory can be
be built and the other indicates that used to determine the best choice. If
the smaller plant should be built. the facts utilized in a game are erroSince the two resulting capital budgets neous, the player utilizing them will
are not the same, obviously one must not be maximizing his gains in the
be better than the other. The ques- real life situation after which the
tion is which one. (The better choice game is modeled. Simply, the ecoof course is the one that is most apt nomic forecasts are still a limiting
to increase the net flow of wealth to factor in game theory application bethe corporation.) There is no sound cause subsequent findings are limited
reason for believing that the forecasts by the assumptions. However, utiliwill be more or less accurate in either zation of game theory can help to
method. That is not even an issue overcome the obvious limitations in
here, because both methods start with choosing one forecast at the expense
the same forecasts. Then what is the of the others, as previously explained.
difference in method that leads to the The theory removes all dependence
different results? In sum the argu- on a most likely course of events, and
allows for a comprehensive considerament is:
1. The result is as good as the in- tion of all the future possibilities. It
does not, as just pointed out, appraise
put in both cases.
2. The input is incomplete in one the likelihood of each possibility.
method and complete in the However, this is again part of the inother.
put that is available for both methSince complete input is better than ods, so should not enter into the arguincomplete input, the conclusion is ment of one method versus the other.
Now a second use of game theory
that the method using the complete
in
capital budgeting can be mentioned.
input is better.
This is an almost unheard of use but,
However, caution is in order because the appraisal of the future pos- in the author's opinion, could be of
real importance. If a game -theory
sibilities in such a manner as to quan4 Top Management Decision Simulation,
tify them and to definitely give them
Frank M. Ricciardi et al., American Manprobabilities is loaded with judgment agement
Association, Inc., New York.
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capital- budgeting result turns out to
be a good one in time, it shows that
the original evaluation of facts used
to forecast was probably good. If
time shows that the capital budget
was a poor one, the very fact that
game theory was used can be very enlightening. Since the game theory is
rigorously correct, and yet the result
is wrong, the input must be at fault.
The firm could work backwords to
get to the root of the original trouble.
This backward search should point
out how much the probabilities assigned to the forecasts were off. This
could be almost a panacea for analyzing, and thus correcting, forecasting
methods. If forecasting could thus
approach accuracy, capital budgeting
would move from an art to a science.
It should be pointed out that this type
of backward analysis is not as exactingly possible when the conventional
method has been used because some
of the available information has been
excluded.
The theory can also be used at the
time the capital budget is to be approved, to indicate just how far off
the economic forecasts can be before
the selected alternative turns out to
be a bad decision. The businessman
is thus aided in finding the right decision and he gets some idea of just
how "right" it is.
To return to the question originally
raised in this article. Can the proper
data from a capital budgeting situation be fed to the game theory tool
JUNE, 1962

so as to obtain an infallibly right
capital budget? If the input is right,
the answer is definitely yes. But the
chances are that the input is not right.
Game theory can be used to get the
very best answer in the light of all
previously known or anticipated facts
which might be pertinent to any given
capital budget. The theory can further tell the firm utilizing it how far
off its facts would have to be, to render the resulting capital budget no
longer optimum.
Is Game Theory Applicable Now?
A company would need to use the
team approach to apply game theory.
Certainly, a mathematician or statistician learned in game theory would
be a necessary part of the team. But
just as necessary would be experts in
the various fields for which information would need to be quantified and
fed into the model making up the
game. In addition to the mathematician, the team might include economists, salesmen, engineers, accountants, finance personnel, or any skill
that might be expected to reflect a
phase of the enterprise that is pertinent to its future.
The reader must not forget that the
pioneering work in this field, The
Theory of Games and Economic Behavior by John von Neumann and

Oskar Morgenstern, was printed for
the first time in 1944. That was only
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eighteen years ago. Not only must
people be trained in the theory and
the theory itself improved and developed as any new idea must be, but
the theory needs to stand up under
actual application. Widespread confidence in and application of the the-

ory to capital budgeting requires a
backlog of demonstrated success. This
is not available at the present time.
However once tested, this theory may
have wide applicability and significant benefit for those involved in capital budgeting.

A Marketing Man Looks at Accounting
by ROLAND H. SLOAN*

I

N A VERY I M P O R TA N T SENSE,

marketing is a customer of accounting. It is only one of

a number of such customers, but still a major one and one with very specialized
needs. Hence, if we conceive of accounting reports as products and then apply the marketing concept that the best products a re those designed from the consumer's point of view,
three considerations deserve attention:
1.

This consu mer ranges all the way from the sa lesma n in the field to the vice
president of marketing. Accounting serves them a ll with its products: sales,
expense and financial reports.

* Sales Administrative Manager, Schering Corporation, Bloomfield, New Jersey.
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2. The marketing man is often, by nature, not a "figure man." Many acquire
this facility as they ascend the ladder of ma nagement but others continue to
have real difficulty with figures. You can even observe at some levels a tendency to fight the figures. This shows up when there is more discu ssion over
how a sales analysis or sales quota is arrived at than how it ca n be pu t to
use.
3. The less paperwork the marketing individual does, the more productive he
will be for his company. We continua lly impress on our division managers
that they should spend as close to all of their time as possible in the field
selling with their men. A similar situation holds tru e for home office managerial personnel. While they should be thorou ghly familiar with the results
of their past efforts, and for this they need figures, still they should spend
most of their time planning for the fu ture, creating and developing programs
for fu ture effort.

Types of Reports Preferred
All this brings us to marketing's specialized needs. Lik e others who are not accountants, the marketing man prefers nontechnical language and round figures. He is also
bothered by reports that have more detail than he can use. This is typical of multipurpose reports convenient to the accountant. If only twelve out of twenty -five items on
a report are of interest to the marketing man, he has to learn not to pay attention to
the other thirteen. He needs selected -data reports. In addition, even where the material is fully relevant to his interests, he needs reports which emphasize the exceptional
situations which require attention. Format, too, makes a difference. To have data a ll on
one page and arranged so that its meaning shouts out at him is a relief and a benefit.
Thus, plain - language, special - purpose, selected -data, exception and meaningful format
reporting are all- important to him.
Further, marketing could use reports with built -in accounting service. These are reports which are ready to use as they are and show ratios, indexes and other interpretive
data. An exa mple of su ch a report is one we ha ve for tra veling expenses. We have five
hundred men in the field, all on open expense account, so the annual traveling bill is
worth special treatment. This report is designed as a control report. As such, only meaningful figures from a control point of view are shown. Just unit figures and dollar averages appear. There are no total dollar figures. Each man receives a report showing his
own individual traveling expenses averaged by item. He sees what he averaged for meals,
hotel, telephone, entertainment, parking, tolls, etc. He can compare his recent month's
averages with his pa st months' averages. His supervisor can compare one man's averages
with another man's.
The control featu re works in two ways. First, the individual is a ware that his expense
figures are known and clearly understood by his supervisor and others concerned and can
be compared quickly and easily with other men's expenses. His awareness results in a
large measure of self - control. Second, the supervisor can do all this comparison with no
paperwork. He can then take his copy of the report, check any item which appears out of
line and send it to the individual concerned. This check is usually sufficient, a form
of painless surgery.
Another need is for what I might call monitoring reports. Again, I will use an example. Because of tremendous competition, many new products, and sudden obsolescence
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of old products, we no sooner make an advertising plan than we have to change it.
In order to act quickly and be able to shift promotion from one product to another, we
have set up a report which monitors commitments as well as expenditures. At the end
of each month, we know just how far we are committed to the promotional program
for each product. The bills may not come in until a month or so later, but the money
has been a s good as spent when committed. This report gives us the information necessary to realign our advertising campaigns at minimum cost penalty.

Serving Marketing's Prime Interest
I have mentioned two specific examples of how accounting reports can be tailored
to marketing's needs. In doing so, I have added to the list already given of preferred
features in reports and types of reports, those with built -in accounting service, and those
useful for monitoring fluid situations. Perhaps what is involved here is a matter of
marketing's prime interest. This interest lies in planning strategy, in making decisions,
and in taking action to acquire profits. Accounting, on the other hand, tends to have a
prime interest in custodial accounting for past action. More interchange of ideas is
needed, more ease in communications, more familiarity with problems each function faces.
One result would be the ma rketing man would get over that feeling some have about the
"mechanical monster," the accounting department uses. He would understand how machine data - processing necessarily brings a certain amount of inflexibility along with all its
advantages.
The most a cu te need of a ll is in the area of costing specific activities for planning purposes. The marketing man needs answers to such questions as these:
—How much does each product line contribute to marketing profit?
—How does this contribution change with variations in sales volume and
marketing expenses?
—How much does it cost to la unch a new produ ct?
—How much does a new product contribute to ma rketing profits at each stage
of its career?
—Which products, product forms and package sizes are currently unprofitable?
—How much does each class of trade: retailers, wholesalers, hospitals, government, etc., contribute to marketing profit?
—Which customer groups are currently unprofitable?
—Is there a wide range between sales territories in their contributions to marketing profits?
—What are the costs for each specific promotional activity for each specific
product?
—What a re the effects of pa rticular mark eting strategy decisions on the marketing contribution to profit?
The product marketing manager type organization, where each such manager is given
profit responsibility for his line of products, is a progressive setup for the marketing
function. From this evolves naturally and easily a cost consciousness which demands more
cost data and which will not permit the mak ing of decisions without a look at their effect
on profits. Such a marketing organization will make maximum demand on the accounting
function in securing answers —not always easy to arrive at —to such questions as those
cited above.
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Instant Unit Cost Reporting
by PETER E. JENSEN
newer industries withthe past decade, the semiconductor industry, as expected of any
industry in its infancy, is not without
its special problems. For example,
the market is highly competitive and
features drastic price declines —it is
not uncommon for a transistor sales
price to drop from $3.50 to $.40 in
less than a year due to rapid changes
in technology and the constant development of new product lines, obsoleting current production. Product
cost reduction is essential for survival.
The product is of such a nature that
small changes in yield and /or utilization of material or labor can result
in a drastic increase in cost. Constant
change is the only factor that can be
depended upon, due to the state of
the manufacturing art and the highly
technical nature of the product.
To meet the financial needs of management in the face of such factors,
we found it necessary to supplement
the usual monthly -type cost report by
weekly and even daily type cost reports for each operation, as well as
the total, to obtain proper control.
The computation of cost in the traditional manner, even on a weekly basis,
is impossible because of the time lag
due to computation and the cost of
such extensive cost controls.
NE OF THE

O in

The Analytical Task:
Purposes of the Formula
We were also badly in need of a
better method to analyze the cost of
each product type by operation and
in total, in order to determine the
effect of changes in methods, labor
costs, material costs and programs to
improve yield and utilization in the
operation. The question was always:
toward what operation or area should
management direct its efforts for
maximum reduction of product unit
cost? We had been performing analysis of the information by preparing a
"pine tree" standard which is the
method used to compute standard
costs. When all the information was
available, it would take approximately
six hours to determine the cost by operation and in total for one product
type. Usually, the product engineer,
foreman, etc., would have either optimistic or pessimistic anticipated input
information. Whenever management
wanted to know what effect a project
would have on unit and total cost,
eighteen hours were expended for the
analysis.
This cost analysis problem also applied to the development of new
product types. Such analysis is necessary if we, as accountants, are to pre-

PETER E. JENSEN, Massachusetts North Shore Chapter, 1959, is Manager of Cost Accounting, Sparrow Missile Plant, Raytheon Company, Lowell, Massachusetts, and has held the
position of Division Cost Specialist. He was formerly associated with the Semi - conductor
Division of Sylvania Electrical Products. Mr. Jensen graduated from Northeastern University with a B.S. degree and will receive his M.B.A. degree in 1962.
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vent the development engineer from
designing a product that is priced out
of the market. Although necessary,
product -type cost analysis became a
very time- consuming accounting activity which prevented personnel from
expending their efforts in other needed
areas.
To solve those problems, the "instant unit cost" formula was developed, which allowed us to compute
one daily type unit and total cost report in approximately thirty minutes
and perform a cost analysis on product -type in one hour. The formula
and its by- products, after over one
year's use, have been found to be extremely accurate. It is particularly applicable to an industry in which competition and constant change is the
rule rather than exception, such as the
semiconductor industry. The formula
can effectively determine timely costs
for analysis and can stimulate management action as follows:
To determine unit cost of a
product in the development
stage, so that the engineering
force may avoid designing a
product that is priced out of
the market, including the future market as indicated by experience and price trends.
To determine the effect that

changes in methods, labor costs,
material costs, yield and /or utilization at any operation will
have on unit and total type cost.
This is a most effective method
for determining what action
can be taken and where the
major emphasis should be
placed for reducing product
cost.
3. To report daily unit cost for
each operation as well as the
total. The dollar effect or yield
and utilization at each operation will be highlighted, indicating the areas needing immediate corrective action.
4. To compare actual performance
to standard by operation, without maintaining cost system for
each operation.
The Formula and How It Works
The basic theory of the formula is
that the cost of each operation will
be added to all previous operations to
determine unit cost through that operation, and the yield at any operation
will affect the cost of each previous
operation as well as the cost of that
operation. Using this basic theory,
the formula was developed as follows:

Total cost = Cr + Cr- 1
+
Cr- 2
+
Cr—,
Y r ' Y r_ 1
Y r ' Y r- 1 ' Y r—z
Y r ' Y r- 1 •Y f,
Yt
C = Cost

Y = Yield

Simply expressed, this formula
means that:
Total cost = The cost of the final
operation divided by the yield of the
final operation + The cost of the
62
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Yr—s

f = Final operation
next to the final operation divided by
the yield of the final operation multiplied by the yield of the next to the
final operation + The cost of the
second from the final operation diN.A.A. BULLETIN
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Operation
numbe r
and name

Unit

Costs

Theoretical
cos ts

Utilization

Cost at
1 0 0 01c y i e l d

2.00
15.00

9 0 0/c
85%

2.22
17. 65

6 0Oje

34 %

3.00
5.00

95%
95%

3.16
5.26

90%

56°Jc

6.53
51. 9 1
5.64
9.39

63 %

1.63
3.34

Yield

Cumul ati ve
yi e l d

Cost per
ope rat i on

1.

P r e pa rat i on

2.

Al l oyi ng

M at 'l.
Labor
M at '1.
Labor

3.

Weld &
ad j u s t

M at 'l.
Labor

1.00
2.00

97°Jc
95%

1.03
2.11

8.00
10.00

92%
90%

8.70
11.11

90%

68°Jc

12.79
16.34

4.00
10.00

95%
90 %

4.21
11.11

95 %

769/c

5.54
14.62

Fi nal
test

M at'l.
Labor
M at'l.
Labor
M at'l.
Labor

25.00

85°Jc

29.41

80%

80%

36.76

M at 'l.
Labor

34%

Total

32. 13
132. 36

6.

P re t est
After
cap .we ld .

Mat e ri al
Labor
Burden at 50%

$

32 . 1 3
132.36
66.18

T ot al c o s t p e r 100

$ 230.67

x

W

N
O\

W
z

4.
5.

92%

H
m
_

Instant

vided by the yield of the final operation times the yield of the next to the
final operation times the yield of the
second from the final operation, etc.,
until all operations are included. For
an example of its use see Exhibit 1.
The definitions of the terms used
are as follows:
Theoretical costs:(1 ) material —purchase price standards, ( 2 ) labor
— basic labor -hour standard x
standard hourly rate.
Utilization: (1) material — number
of usable parts in relation to a
given supply obtained from stock
or the vendor (e.g., if 100 parts
are delivered to the line operation and only 95 can be used, the
utilization is 95 percent), (2)
labor —the attainment to standard
labor -hour in relation to actual
labor -hours for a given operation
(e.g., if the standard rate of production is 1,000 units per hour
and the actual attainment is 900
per hour, the utilization is 90
percent).
Yield. The number of good units
after completion of an operation,
compared to the number of units
started at that operation and expressed as a percentage.
Cumulative yield. The multiplication of the yields on all subsequent operations. For example,
in Exhibit 1, the cumulative yield
of Operation 6 is the same as the
yield in Operation 6 because it is
the final operation. The cumulative yield of Operation 5 is computed by multiplying the yield in
Operation 6 by the yield in Operation 5. The cumulative yield
in Operation 4 is the product of
the yield in Operations 4, 5 and
6. The cumulative yield in Operation 4 can also be computed
by multiplying the yield of Op64

eration 4 by the cumulative yield
of Operation 5.
The theoretical cost of each operation is divided by the utilization to
obtain the cost at 100- percent yield
which then is divided by the cumulative yield to obtain the cost per operation. The cost per operation is added
for material and labor to obtain the
total material and labor cost. The
overhead (burden) rate is applied to
compute a total unit cost.
Applications in Cost
Construction and Modification
The cost accountant, working with
the product development engineer,
can easily determine the anticipated
product cost by using the format in
Exhibit 1. Theoretical material cost
can be obtained from the purchasing
department. Labor cost can be obtained from similar operations now in
manufacturing or from the industrial
engineers. Material and labor utilization can be estimated from present
performance in manufacturing. Yields
will be estimated by the engineers and,
in some instances, game theory analysis can be used to determine cost under optimistic and pessimistic circumstances. As the development progresses,
individual circumstances will change,
which can easily be reflected in the
instant cost computations to determine
the effect on costs. The unit cost can
be determined with surprising accuracy. With this information the engineer will not develop a product that
prices itself out of the market and
maximum profits will be obtained
from new products.
The same form can also be used to
determine the effect of a change at
N.A.A. BULLETIN

any operation in methods, material
costs, labor costs, yield and /or utilization of a manufactured volume production product. Using for a source of
necessary information those areas outlined in the definition of terms, the
unit cost is first computed. This is
then compared to other cost information available to check the accuracy of
the computation. But substituting various possible improvements, the effect
on the total cost can easily be determined. Analysis will also highlight
those areas in which the major effort
should be expended for reduction in
total cost. An improvement of 50 percent in one area may reduce the total
cost only 2 percent while a 20- percent
improvement in another area many result in a 15- percent reduction in total
cost.
A daily cost report can be prepared
by using the daily yield and utilization
information obtained from the manufacturing department. This information is computed by using the instant
cost form to obtain a unit cost which
then can be compared to standard to
determine a unit variance. To obtain
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total cost and variance for the product, multiply the unit cost and variance by the daily production.
After the actual costs are computed,
another form can be prepared using
the same utilizations and yields as used
in computing the standard cost. Comparison of costs by operations from
the two forms will determine the variances from standard by operation.
Before using the format in Exhibit
1 it is well to use the same information as was used in the preparation of
the standard cost and compute the unit
cost. A comparison of the standard
unit cost to unit cost obtained from
the instant cost format will highlight
errors in the operation breakdown,
computation, etc., which can then be
corrected. This technique also can be
used to check new detailed standards.
There are many applications of the
instant unit cost formula, depending
on the nature of the product manufactured. However, the formula provides the best results with high volume
products although it can be used quite
effectively also with low- volume products.
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A Financial Vice - President Looks at Accounting
by F. WARREN BROOKS*

I

N T HE O LD DA YS

all the businessman expected from the accountant was a few overall

is

se,

per

statements and assurance that the figures were correct. The boss did his own interpreting. Today's business is both too complex, and changing too rapidly, for this kind
of analysis and control. The businessman needs both an interpreter and the tools which
today's accountant can develop, sharpen and provide. The accountant necessarily must be
concerned with the meaning and significance of information and be able to relate it to
the goals and objectives of the business. This means a very substantial broadening in the
knowledge, abilities and functioning of today's accountant in comparison to the old days
when production of accurate figures alone was enough; creation of data,
increasingly becoming the province of machines. As the accountant has been emancipated
from much of the mechanics of data production, he has fallen heir to a larger task, that
of translating and giving to the va rious levels of management the information each level
needs to run the business. The accountant has become an indispensa ble part of the management team in its truest sense.
The concept of accounting and the responsibility of the accountant in providing staff
service have changed fully as much as that of management itself. But, to be fully effective, he must himself be primarily a competent business executive; to be a good accounting technician is secondary to his management functions and competence. The ultimate
measure of the accountant's success will be his ability to provide interpretive reports that
will not only enable management to perceive cha nges as they occur but, indeed, to anticipate changes before they occur.

The Area of Service
Operating management cannot be served adequately with reports which merely tell
what happened overall. There is need first for company performance broken down and
segregated by major executive functional areas of responsibility, that is, classified according to who at the top is responsible for what happened. Neither is this enou gh. Reports must be still further subdivided by the individual departments and, finally, to the
smallest responsibility groups which are being held accountable in the control process
for costs or performance in specific areas. From the operating viewpoint, in short, accounting control reports must record not only what happened by accounts, but also what
happened according to functional responsibilities of individuals.
Important as they are, however, what and who type questions are the simplest of the
primary queries accounting reports can reasonably be expected to resolve. The more
difficult how and why type questions are even more vital, since an accounting report acquires true significance to operating management only as it interprets and explains the
performance it records and classifies, or provides a ready ba sis for su ch interpretation and
explanation by the operating manager involved. Here we enter a relative area. Performance is satisfactory, or otherwise, only related to a set of acceptable standards. Every
company has one such measuring rod — comparable results for prior periods. But his* Vice President - Finance, The Cleveland Electric Illuminating Company, Cleveland, Ohio.
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torical data alone will not suffice. A standard which is much better in this respect is
the budget forecast or estimate. Assuming that it employs the same units as are used
for control, the budget or planning forecast gives us an opportunity to compare actual
achievements with near -term predictions. It may need to be revised at times to keep
it in line with changing economic conditions, but as such, and properly applied, the
budget is truly indispensable to both effective management planning and control.
The accountant's role in the budget process is threefold. First, he obviously must provide much of the information. Second, he should bring into focus for management the
significance of the budget in such terms as:
— Balance and compatibility among operating elements. Have sales and manufacturing budgets been coordinated?
— Reasonableness of data. Is the budget consistent with the facts and is it attainable?
— Relationships among major components- of cost. Do any components appear
to be ou t of line? Why?
—Cost trends. Are there any danger signals apparent?
—Cash requirements. Can cash needs be met internally or is financing required?
Further, the accountant should also provide top management with the interpretation
tha t will ena ble it to appra ise the bu dget in terms of its contribution to the overa ll company goal. What earnings will be yielded if budgeted revenues and expenses are met?
As the year progresses, the accountant should develop comparisons of actual results with
the budget, highlighting such matters as:
—Areas of significant variations.
— Relative effect of controllable and uncontrollable factors.
—Effect of changes in basic assumptions.
When exposed to analytical accounting, the budget can become a key part of performance analysis in the why sense as well as in the hou- sense. However, the accountant's contribution to monthly performance analysis should go beyond comparisons with
the budget. He should be prepared to provide staff assistance to operating managers in
developing other performance measures, including those involving cost allocations, selection of appropriate unitizing factors (for example, dollars or man -hours per unit of production) and special cost studies and reports on specific operations, in addition to a
whole range of staff services growing out of normal accounting records. More objective standards of potential performance, such as comparisons with other similar companies, are also necessary to supplement the comparison of performa nce in prior periods,
the budget forecast, and other internal measures.

Communication
Whether it is the accountant himself who comes up with the answer to the u'hy or
whether it is the operating manager who determines and explains the answer, the process
inevitably requires communication between the accountant and the operating manager.
Here I believe that the accountant, who has possession of the da ta, must take the initiative and overcome whatever resistance to communication he may encounter in order that
he and the operating manager may reach a mutual understanding. If he does, I believe
J U N E , 1962
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he will find that operating people are equally, if not more, interested in arriving at the
answers to these questions than is the accountant. In this case, the groundwork is laid
for true communication. In preparation for achieving this objective of ideal communication between the accountant and the operating manager, the accountant might very well
start by asking himself:
—Does this particular operating man have all the data he requires?
—Does he know how to use it most effectively?
—What additional information would he helpful to him?
—Can accounting furnish that information?

The Staffing Problem
The accountant's success in contributing to effective planning and control in the
modern concept will continue to depend on his facility for ( 1 ) anticipating management's needs, ( 2 ) recognizing that providing 95 percent of the data on time is vastly
superior to 100 percent too late, (3 ) providing significant information on the exception
principle without a preoccupation with the minutia and (4 ) maintaining communication
with all levels and segments of operating management. Obviously, the people who will
qualify for this role must develop and possess a high degree of competence.
First we must foster the further development of the people we now have in our accounting departments, by providing them with company development programs which
merit the term —which do not stop with mere job training but include rotation of assignment, professional activities, and many non -job- related functions amounting, in short,
to an education in the broader responsibilities of businessmen. This must include the
principles and functions of management and modern management techniques. Inherent
in this is the assumption that top management has provided a climate condu cive to managerial accounting. Second, to au gment and perfect our present staffs over the years, we
will have to employ recruiting and selection systems which will enable us to attract into
accounting high- potential young people who can be developed into first -class management accountants. We will have to do even more than that. We will have to cooperate
actively with educators to improve the quality and expand the scope of undergraduate
accounting education.
The job of obtaining high - calibre accounting graduates will be harder than ever in
the present period of intense nationwide competition for professional talent. But it has
got to be done—and done now —if accounting is to be equipped to satisfy the urgent
growing demands of operating management. The company which is doing a first -class
job in this respect will not be difficult to recognize. Self - appraisal will convince most
of us, I think, tha t there is a great deal still to be done a t our companies towa rd realizing the full potentials of the contribution a ccountants can make to managing the bu siness.
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Three Useful Inventory Control Techniques
by WALTER K. KROWICKI
NALYSIS

general, 20 percent of the inventory
items account for 80 percent of the
total annual - dollar usage. Recognition
of this inventory characteristic dictates
that a proportionally greater analysis
and control effort should be concentrated in the high - dollar usage items.
For a given expenditure of time and
effort, a 25- percent improvement in
the high - dollar usage items would be
equivalent to 100 - percent improvement
in the low dollar usage items. Thus by
classifying inventory items into annual- dollar usage groupings, a basis

Inventory
class
A

B
C

for a system of inventory management
is established. Companies have chosen
to classify their inventory into two to
six or more annual - dollar usage
groups.

Inventory Classifications
The ABC system, developed by the
General Electric Company,, is probably the most commonly used system.
Exhibit 1 represents a typical inventory
so classified. The group characteristics
of the A, B and C items, for which
percentage of annual usage is thus related to the corresponding percentage
of items in inventory, are as follows:
of
inventory
items

Major
Intermediate
Minor

15
75

A items, which constitute 70 percent
of the inventory usage but only 10
percent of the items, would usually be
ordered in quantities of less than a
month's usage and, in some cases, on
a daily basis. Protective stocks would
be kept to a minimum. A greater proportion of expenditure of time and
-a -rt would be devoted to the econ-

%

Degree of
economic
importance

10

%o o f
annual
usage

$

many companies' inA ventoriesof would
reveal that, in

70
20
10

omy and control of these items. In
contrast, a minimum amount of time
and effort would be devoted to the
control of C items. A one or two
years' supply and, in some cases, a
greater than two years' supply of these
I "Six
Steps to Better Inventory Management," by H. F. Dickie in Factory Management and Maintenance, August 1953.

is with Peat, Marwick, Mitchell & Co., New York, N. Y. He
is a graduate of the College of Engineering of New York University. Prior to joining
Peat, Marwick, Mitchell & Co., Mr. Krowicki was with Mobile Oil Co. as a systems
analyst and electronic data processing machine coordinator. Previously, he was a production and inventory control analyst with I.B.M. Mr. Krowicki is a member of the American
Production and Inventory Control Society and a frequent speaker and writer on inventory
and production management.
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EXHIBIT 1

items may be ordered. Also, a greater
protective stock could be created without a significant increase in total inventory value.
The table below illustrates an example of a company's inventory of
purchased parts classified into six
monthly - dollar usage groups, specifying protective stock in number of days
requirements and orders per year for
each group:

items

$ usage

Protective
stock in
days

per year

76
6
9
4
4
1

2
2
6
8
36
46

30
25
20
15
10
5

1
2
3
5
9
individually

Inventory
class

Monthly
$ usage

% of

°fo of

1
2
3
4
5
6

0 -49
50 -99
100 -399
400 -999
1,000 -9,999
over 10,000

100

Economic Order Quantities
Classifying an inventory into annual dollar usage groups is a valuable

guide, primarily to the proper expenditure of time and effort and analysis for
control and cost reduction purposes.
It does not, however, tell the analyst
how large an individual order should
be or when it should be placed. The
determination of the most economical
order quantity is a compromise between two opposing cost factors,
namely, ordering costs and inventory
carrying costs. For a given annual requirement, the least ordering cost is
incurred when one order is placed for
the entire requirement, rather than
two or more orders for smaller quantities, since the ordering cost would be
70

Orders

ordered

prorated over the maximum number
of items. Placing this maximum order
would, however, result in the maxim u m inven tory level a n d inv ent ory
carrying costs.
O r d e r i n g c o st s i n c l u d e su c h cost s a s
pla c ing a n d co nt ro ll in g a n or de r, receiving, insp ecti on, sh i p p i n g a n d billing. I n c a se o f a d i r e c t m a n u fa c t u r i n g
or de r, the ma in a dd it ion a l cost wo u l d
b e m a c h i n e set -up costs. It is not u nu su a l fo r o r d er i n g co st s t o e x c e ed $ 2 0 .

For all practical purposes, ordering
costs are the same whether a small or
large quantity order is placed.
Inventory carrying costs are expressed as a percent of the total annual value of the inventory. Although
this percentage may vary from company to company, typical breakdown
N.A.A. BU LLETIN

of inventory carrying costs is shown in
the following table:
Return on investment
Handling (personnel and
equipment)
Deterioration or its prevention

6 .0 0 ,70

T ot a l inv ent ory ca rry ing

4.00
3.00
.75
.25
24.00%

2 R0

A graphic representation of the relationship between ordering costs, inventory- carrying costs, total cost, and
the economic order quantity is shown
in Exhibit 2, which illustrates that use
of the economic- order - quantity formula will, in addition to determining the
economic order quantity, result in the
most economical inventory turnover
rate. Increasing the number of orders
per year, by decreasing the economic
order quantity, will increase the inventory turnover rate but at a greater total
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ORDERINGCu51s

SNVCHTCKY CANTING COSTS

where:
Q = economic order quantity
R = annual requirement
O = ordering cost
= inventory carrying costs expressed as a percentage
C = unit cost of the item

cost.

roTU. cosT

5.00

The most economical order quantity
is that quantity that would most equitably balance the two opposing costs to
yield the least total cost. An economic
order - quantity formula has been developed to equate these two cost factors:
_

�

5.0 0

Obsolescence
Warehouse space costs
Taxes
Insurance

Q=

l / _V i SCO Kp U C OMER QUANTI TY

' RD M' . Y E A R

EXHIBIT 2

The economic - order - quantity formula is a very important management
tool. Like all tools, it must be used
in conjunction with sound judgment.
Economic order quantities may have
to be adjusted for specific conditions.
The economic order quantity for two
items may be the same, but of considerably different dimensions, thus requiring sizeably different warehouse
space. A number of other conditions
such as quantity discounts, shelf life,
machine or process limitations and
anticipated product changes may also
dictate adjusting the economic order
quantity.

Order Point:
An inventory will be inflated if an
order for an economic order quantity
is placed too early or, conversely, the
incidence of stock -outs will increase
the longer an order is delayed. The
right time to place an order is a function of the procurement time for an
order and the expected rate of withdrawals from stock during that time.
The correct order point can be determined by the formula expressed below:
X — P -f

RD
_ QxN
240

where:
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=

=

=

=

X =order point, a given level
of inventory expressed in
pieces
P protective stock
R
annual requirements
D =procurement time for the
order in days
240 =number of work days per
year
Q
economic order quantity
number of orders in process
N

the economic order quantity (Q = 400)
The result was only one constant order point (X = 300) in process at
any one time.
Quite frequently, the procurement
time usage quantity will be less than
twice but greater than the economic
order quantity. Under this condition,
the following results will occur by
proper application of the order point
formula:
1. An initial stock level will be

I1

200

-

z2

- -

-

r3

- -

-

-

looC
0

5

10

15
DAYS

20

25

EXHIBIT 3

To illustrate the use of the formula,
assume that the protective stock
P = 100 units, the annual requirements R = 9,600 units, the economic
order quantity Q = 4 0 0 units, the procurement time for the order D = 5
days, and that there are no orders in
process. The order point X is calculated to be 300 pieces. Exhibit 3 illustrates this stock ordering and withdrawal relationship as expressed in the
formula. It is extremely unlikely that
any inventory will function as uniformly as illustrated, since the rate of
stock withdrawals and order procurement time is not constant. A protective stock was therefore included in
the formula to minimize stock -outs
due to an unexpected large withdrawal
or procurement delay. It will be noted
in this example that the procurement

0R

time usage
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4

= 200 was less than

created.
initial high order point
quantity will be developed.
3. Successive order -point quantities
will be lower and constant.
4. One or two orders will always
be in process.
2. An

To illustrate this condition, we can
use the assumptions of the preceeding
example where P — 100, R — 9,600,
Q = 400, but increase D to 15 days.

R

The procurement time usage

0

now increases to 600 pieces, which is
greater than the economic order quantity, Q, of 400 pieces, but less than
twice Q. The formulas used under
this condition are:
1— Initial stock level, Y
Y =P + 2 Q =
100 + 2(400) = 900
2 — Initial order point, Xy
X — p
RD
)—
+240 —Q"—
100 + 9600(15)
240

= 700
—

300
aoo

STOCK
YITHDRAYAIS

Q2

o

p
1

—

600
500

3— Successive order points, X
RD
X = P + 240 — Q "—
100 + 96 0 (1S) — 400 = 300
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1000
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600
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Qy
Ql
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35
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EXHIBIT 4

Exhibit 4 illustrates this relationship
Conclusion
The effectiveness of these inventory
control techniques has been dramatically demonstrated by numerous companies in which inventory levels and
attendant costs have been drastically
reduced by their application. It is,
therefore, alarming to note the num-
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ber of companies that are not taking
advantage of the techniques. A recent
survey of 387 manufacturing plants
( "Exclusive Survey of Production and
Inventory Control," Factory, April
1961, McGraw -Hill Publishing Co.,
Inc.) revealed that more than 60 percent of these plants are not utilizing
economic order quantities or other operations research techniques for inventory control.
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A Plant Manager Looks at Accounting
by W . C. ZINCK*

T

HE PLANT MANAGER,

the executive responsible for the manufacture of the products

sold, wants specific things from each of his fellow executives to help him ship on
schedule quality products at the lowest possible costs. From top management, the plant
manager wants concise, comprehensive, well - adhered -to policies to be carried out through
clearly outlined areas of responsibility and authority. From the sales department, the plant
manager wants definite quantities of specific products to be shipped on certain days. From
engineering, he wants clear drawings and complete specifications with tolerances that can
be met with the facilities, the equipment and the employee skills at his disposal at the
moment. From personnel, he wants constructive help, and quick service to maintain and
build a better work - force, operating in a better climate with increasing morale. From
finance, he wants freedom from worry, harassment and embarrassment from the unavailability of money, as such. And from accounting, within the finance division of authority
and responsibility, the plant manager wants several things, some small in scope, some
large in scope, some having to do with the actual doing of work , some having much to
do with cooperation and coordination of the two fu nctions of ( 1) making something and
( 2 ) accounting for the cost to make it.

Efficiency, Accuracy
First of all, the plant ma nager wants the chief accountant to pay equa l attention to the
costs of performing the accounting function a s ha s been pa id for years to the manufacturing function, especially now that the blue - collar personnel is decreasing per u nit of production and the white - collar personnel increasing. A dollar of labor wasted in accounting is a s effective in decreasing profits as a dollar wasted in manufacturing. Professional
method improvers have been at work in manufacturing for decades, and only for years
in accounting. That there is much more untitled wasteland per employee in accounting
than in making is my honest opinion, after some years a s a consulta nt on methods and a
devoted advocate of work simplification. There is still too much of a tendency to look
only at the pla nt when the cry of "costs are too high" is hea rd.
Then the plant manager wants accuracy in the work of accounting. There is something so definite about a figure down on paper from the accounting department that,
when the figure is proven wrong by those affected, the whole vital concept of responsibility and results is hurt. That does harm; something is taken from the reservoir of
goodwill between management and labor, for example, when week after week there are
errors in payroll figures. The "shorted" employee does not go to the foreman, try as management does to have him do so. He goes, instead, to his union. The u nion is built up at
the detriment of the company. Accuracy is the cornerstone of accounting.

* Plant Manager and Director, Arbogast and Bastian, Inc., Allentown, Pennsylvania.
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Standards; Budgets
The plant manager wants cooperation and coordination in the preparation of standard
costs. The costs are incurred in the plant under his supervision with the facilities, equ ipment and skills he had the major part in setting up, and it is his responsibility to meet
the standard costs. Therefore, just what is considered in a standard cost, just what items
standard costs a re set on, and just what values, judgments and actual costs are used to set
them are things on which he must be satisfied as fair. He will not think the final standard
costs are fair unless the cost - producing factors have been impartially considered as to just
what should happen with reasonable machine utilization and reasonable work effort. The
plant manager will not stand still for "standard costs" that are set arbitrarily tight so
that large variances from standard costs can be used to pressure the plant into an unreasonable and unrealistic effort.
And that leads me to the really big place where the pla nt manager wants cooperation
and coordination from accounting. That area is stated when I say that the plant manager wants complete, accurate and fast scorekeeping. Perhaps the most important single
thing the plant manager wants from accounting is the acceptance by accounting that accounting is scorekeeping, the providing of the data upon which others, not accounting,
make decisions. Therefore, the plant manager wants from accounting the facts on the
results of the way in which he ran his plant, given to him in a manner which permits
the pla cing of direct responsibility for each result, so that he gives encouragement where
things are going well and takes corrective action where things are not going so well.
Wha t I am trying to say is that the reports must make it easy for the doer to take appropriate action, because they are prepared for actual cost centers, specific products and
definite service, and are not prepared in a particular manner because it is easier for the
scorekeeper to report it that way.
This need of the plant ma nager from a ccounting requires the help, guidance and direction of the plant manager himself. He must make clear the specific things he wants
reported, the data he wants, and how he wants it presented. If this is done, it will be
found that what accounting must do for itself can be integrated with what accounting
can do for the plant manager. An exa mple is the plant payroll. The employee must be
paid. Labor cost must be charged. One handling of each time -card can be made to serve
both purposes. From my experience, when the plant ma nager knows wha t he wants, and
why, he will have little difficulty in getting accounting to give him reports as he wants
them.
Now wha t about the plant manager and budgets! Let me say at the sta rt of my comments on budgets that I have a hea lthy respect for them, recognizing why the budget idea
was born and where it has had most successful applications. To me, it was the budget
idea that made it possible for the development of modern, multi -plant operation. How
could the top management of a corporation have financial control of manufacturing and
sales and engineering, scattered hither and yon for good and sufficient reasons, unless each
plant is told what it will be allowed, on what basis and for what results. However, I
have never worked in a multi -plant organization and I have definite thoughts on tight
budget control in a single plant operation. Under budget control one of two things
must happen. Either the man controlled is over his budget or he is under his budget.
If he is under, he will, as sure as su re can be, endeavor to use up the unspent balance.
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On the other hand, tight budget control loses sight entirely of how low the actual costs
should be. The budget idea does not force costs down. It says only what will be satisfactory performance.
If then, I do not advocate tight budget control for single plant operations, what do I
suggest? That I can state simply. Accurate, complete, fast cost reports on every controllable item so that the plant manager can keep up the day -by -day insistent pressure
that each cost can be lowered. I keep one list of the controllable items and I scrutinize
it every period to find where a cost has been forced lower than it had ever been before,
and thus make that cost the new standard of comparison, while all the time hammering away to keep a ll other costs as close as possible to the lowest costs achieved to date.

Smooth Feed -Back of Data
What the plant manager wants from accounting is encompassed in the foregoing statements. All else is detailed in carrying out the general policy, in getting a smooth inter flow of raw facts to accounting and complete, accurate reports back promptly. I have
gone through the process of details six times in my business career. My way has been
as follows. As the new plant manager, one has considerable latitude for quite some
time. One is allowed to build his organization, to develop his team. Almost at once I
hire a clerk, or clerks, or commandeer one or more already on the plant staff to get me
the facts on this and that cost factor. In due time, it is evident what additiona l facts a re
needed for my system of control, what facts now being gathered I will not use, what
new reports I will need, what reports I will not use, and what changes I want in the
reports I want continued. Then, as time and cooperation do their work, the fact gathering in Coto is all in accounting, and my clerks have been laid off or re- assigned.

C
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Cost Control of an Integrated Multi -Plant
Paper Company
by W ILLIAM P. CARR
H E V O L A T I L E P R I C I N G structure existing in major markets is causing
unprecedented strains on the ability of
many companies to maintain a competitive market position. Although
sales levels in many instances exceed
prior year performances, profit margins are not being sustained; and most
companies are combating severe economic pressures. Companies with
multi -plant operations and sales offices
spread throughout the land have an
additional problem in coordinating
critical operational data originating in
each production and sales unit. Companies dealing in broad product lines
are greatly exposed to eccentric price
movements.
Interpreting erratic business changes
challenges the ability of those in the
accounting field. Management can
make proper decisions when furnished
with all the pertinent facts concerning
unfavorable situations. However, the
inadequacy of accounting information
could prove costly and even fatal if
timely reporting to management is neglected. Products showing losses must
be readily identified with the producing and selling locations.
Recognizing, through years of
growth, that the basic element in assuring profits is a sound system of

stabilizing and controlling costs, Crown
Zellerbach Corporation maintains an
accounting information system under
which all levels of supervision and
management participate in the informational plan. The company has expanded from a Northwest paper manufacturer to a nationwide organization
producing diversified lines of product. Annual net sales are at the 550
million dollar level. The company executives follow a progressively planned
expansion program, which places tremendous responsibility upon the company's cost control system. Accurate
cost projections are developed from
the established cost control system integrated with the processes creating
the costs. These projections serve in
controlling the operating expenses of
new installations.
The cost control system embraces
the following features:
Direct responsibility for tort control

originates with the manufacturing vice
president responsible for the quality
of goods manufactured and for the
development of meaningful costs. Resident managers, mill office managers,
departmental supervisors and foremen
share the manufacturing and cost control responsibilities.

WILLIAM P. CARR, San Francisco Chapter, 1959, is a Cost Research Analyst in the
Headquarters Industrial Accounting Department, Crown Zellerbach Corporation, San
Francisco, California. He spent many years as a Cost Accountant located at the paper
mills. Mr. Carr is a graduate of the University of Portland (Oregon), with a B.A. degree
in accounting.
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A well - defined profit goal is obtainable through the use of budgets, standard costs and other cost control measures.
Corporate acceptance of the cost
accounting functions is established
through the controller. At the mill
level, the office manager's staff maintains the cost control system in developing, recording and reporting of
costs.
Sound policies and uniform cost
procedures. Departmental cooperation
and accurate comparisons are realized
through sound accounting policies and
uniform procedures. These are attained
through the headquarters director of
industrial accounting, the chief liaison
officer between the mill cost accounting departments and the headquarters
sales, marketing, production planning
and other departments making extensive use of mill costs.
Trained cost personnel located at
mill sites. The mill accounting staff
consists primarily of trained and experienced cost personnel and statisticians. The major financial and corporate accounting functions are performed at a centralized headquarters
corporate location.
Cost- educated. supervisors at the
plant level. A major aid to cost control results when department supervisors realize that they —not the accounting department -- control spending. The cost center is the heart of
cost control and the department supervisor is the major link in controlling
departmental costs. He is responsible
for reporting production, production
hours, material usages, daily segregation of labor, distribution coding of
material requisitions and budget data.
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His accuracy is routinely checked by
payroll, purchasing and accounting
personnel and through inventory control and shipment volume. Confidence
grows between supervisor and accountant with individual monthly meetings
where costs are discussed, savings
noted and high costs analyzed. Monthly cost meetings are conducted by the
resident manager or the office manager.
Adaptation to changing situations.
Despite the uniformity in cost center
definition and method of distributing
costs, a great degree of adaptability
exists in cost control. While major
procedures are uniform, each mill has
its peculiar problems which must be
recognized. Cost control measures are
governed by the size of the accounting
staff, the scope of its operations and,
particularly, the economies involved.
Communication through understandable statements and cost analyses. Cost
statements are used broadly throughout the company, influencing cost control. Design is toward usefulness and
communication.
Meaningful comparisons. Accounts
are closed monthly and departmental
costs compared with budget and year to -date costs. Up -dated standard costs
provide continuous comparison with
product costs. Departmental, product
and overhead cost comparisons exist
between mills. The full value of comparison with other mills is realized
through uniform departmental and
product cost statements, defined departmental limits, standard definition
of overhead and an adequate number
of similar mill operations.
Organizationally, the system serves
all levels of responsibility: the supervisor, local mill management and corN.A.A. BULLETIN

porate management. The basic philosophy, however, is that decisions
should be made at the lowest possible
level compatible with the action to be
taken; this is the supervisor or foreman level. Cost control measures at
this level are applied at the following
chronological periods: immediate or
on the spot controls, daily controls,
monthly controls and annual controls.
Immediate Cost Controls
All operating functions are subject
to immediate control by operating men
or technicians. These first controls deserve special recognition as they represent the results of years of quality and
cost experience. For example, testers
check: wood chip size affecting pulp
quality and cooking time; ground wood pulp for freeness (separates
readily from water) affecting machine
operation and paper quality, and pulp
brightness indicating conformity with
specified wood mixtures and chemical
requirements in bleaching. Testers
closely follow paper machine runs as
quality variations result in reject paper.
As to indirect costs, power plant
engineers, aware that monthly purchased power costs and future power
contract costs are influenced by daily
peak power loads, watch metered
usage and, depending upon alternatives available, adjust input sources
and usage to best cost advantage. Also,
preventive maintenance and the scheduling of maintenance which affords
maximum utilization of existing crews,
eliminates call time and overtime and
anticipates time and materials required,
are cost control measures that can be
classified as immediate.
Daily Cost Controls
The major instruments of daily conJ U N E . 1962

trol are progress charts and departmental reports. These serve mill management and departmental foremen
and supervisors. Mill statisticians post
daily progress charts at the operating
locations. Volume, rate, quality, daily
stock losses, purchased power peaks,
paper machine efficiency, bag machine efficiency, fuel oil usage, etc., are
examples of charted operating factors
that influence costs. Departmental supervisors submit a daily production report which includes productivity, usage
and other vital information. Similar
reports received from each department
are the basis for accounting department consolidated daily reports to
management.
The daily paper machine efficiency
report is an important illustration
showing efficiency by machine, downtime, reasons for downtime, grade
changes and other important factors.
The results are discussed at the supervisors' daily meeting with mill management. The daily operating report
prepared by the accounting department summarizes the prior day's activities in all departments and highlights
production, production rates, usages
and influencing factors such as the
following: paper machine speed, trim,
basis weight, moisture; paper machine
tonnage lost to nonscheduled downtime; wood mill cut per hour; average cooking time per digester of chemical pulp; power usage per ton of
groundwood pulp; electric power purchased; electric power generated, and
unused water power.
The resident manager, assistant
managers and production superintendents review daily the efficiency of the
mill departments. The paper machine
trim listed above reflects the ability of
the production planning department
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to utilize the width of a paper machine. The production rate and per
unit cost are directly influenced by the
grouping of ordered roll widths toward maximum trim. Proper programming also reduces time lost for grade,
basis weight and color changes, thus
increasing efficiency and reducing cost.
Many other daily controls are used.
The departmental supervisor reports
daily labor hours by employee and job.
The time office requires authorization
for all variance from allowable manpower and forwards to management a
daily population report. Mills utilizing water power for grinding and generation may be charged for all available water power. Here a daily report
of unused water power is a control
factor. Steam plant fuel efficiency,
kraft mill soda losses and many other
reports also help effect control.
Monthly Cost Controls
The immediate and daily controls
are aimed chiefly at quality and performance. At the monthly level, the
controls acquire cost tags and make
comparisons with predetermined departmental and product costs.
All operating costs must eventually
be assigned to products. Prior to manufacture of a new product, laboratory
reports have defined furnish and machine requirements in meeting product specifications. Product cost estimates are prepared. Initial runs are
followed by actual product costs. With
repeat orders, standard costs are developed. Managerial, sales and pricing
department personnel make extensive
use of product cost estimates, actual
product costs and especially the standard costs. Standard costs rely chiefly
upon firm raw material costs and usage
so

limits, stable departmental costs and
sound estimates of overhead. The
comparison of actual costs with predetermined limits is computed each
month end with the progressive closing of all costs into departmental and
overhead cost centers and thence to
product costs.
Cost statements are provided for
each operating, service or overhead
cost center. Each statement reports detailed statistics which indicate the level
and efficiency of operations. Each statistical item is compared to the previous month and to the year to date.
The cost statements contain a detailed
report of costs. Each is compared with
the budget and year -to -date detailed
unit costs.
Overhead statements are prepared
for manufacturing burden, general
mill maintenance and fixed charges.
Each element of expense is classified
in the proper sub - account and compared to budget and year to date. The
effect upon product costs is shown.
Product costs are prepared each
month detailing the pulp, other raw
materials, refining, paper machine and
overhead costs. Each detailed cost is
compared to the previous month and
year to date. Each pulp and other
material item is also shown in percentages of the product, retention in
the product, tonnage used and cost.
Finishing, shipping and other expenses
are added to commodity inventory and
shipment statements. These monthly
cost statements provide the following
cost comparisons and controls:
For the supervisor and foreman:

— Actual departmental costs compared to budget.
—A departmental budget report
showing dollar losses and gains.
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—The basis for cost discussions
between accountant and supervisor.
—The basis for a cost meeting
between management and supervisors.
—A comparison with like departments at other mills.
— Special cost analyses. These
take many forms. An important example is an analysis of machine
clothing life. Paper machine wires,
felts and canvases, which constitute
machine clothing, are major items
of cost. These are analyzed as to
life in days and tonnage for each
type and brand of clothing. The
paper machine supervisor is enabled
to specify manufacturer and clothing specifications for specific quality
results and to improve costs as a result of this analysis.
For local management, the cost
statements provide:
— Actual departmental costs versus budget.
— Actual product costs versus
prior month's costs.
— Actual cost of shipments by
product group versus standard cost.
—A product profit report —gross
profit by product group.
— Overall cost statement. This
statement is of particular importance. Abandoning departmental
grouping, the total monthly cost of
is broken down into at
least forty original elements of cost
such as logs, purchased pulp, opera ating labor, repair labor, fuel for
steam, sulfur, wires, fixed charges,
etc. Each is compared in cost per
ton of production and in percent of
total cost. Where product mix remains reasonably stable at the paper
mills or converting plants, the report shows immediately the areas
having an unusual effect upon
monthly costs. The monthly cost
statements provide mill manage-
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ment with the information necessary in pinpointing areas of cost increase. These areas are placed before responsible supervisors through
individual meetings and monthly
group meetings. The immediate and
daily controls are the result of the
actual monthly costs.
For the accounting department, the
monthly cost statements provide the
basis for:
— Future machine and overhead
standard costs.
— Reports to local and headquarters management.
— Discussions of trouble areas
with foremen and supervisors.
— Analysis of cost trends.
Monthly cost statements often reveal
upward cost trends. Arresting the
cost increases may require considerable effort by operating and accounting personnel. The field of analysis
and the preparation of cost estimates and standards provide the
cost accountant with opportunity to
use judgment and experience in directing a cost control information
system.
Annual Cost Controls
Annual cost statements, reports and
comparison analyses provide information for departmental and mill budgets
that sets long -range goals. Of particular value to corporate long -range planners, this information eliminates temporary and seasonal fluctuations distorting the monthly picture.
Associated Areas of
Cost Control
Certain other areas should be mentioned here, as they are either a fundamental part of cost accounting,
unique in the paper industry, indica81

tive of the modernization of reporting,
or an integral part of corporate cost
control. These cost control areas are
in: purchasing, timber accounting and
tabulating departments, and corporate
headquarters.
Purchased material costs receive
systematic surveillance of both local
and corporate purchasing departments.
Purchase through competitive bids is
normal procedure. The major raw material, wood, is provided from company -owned forests augmented by purchases of "farmerwood," chips and
other salvage woods. Departmentalized
company logging camp costs are tightly
controlled, as consistent log costs assure stabilized paper product costs.
The major elements of camp costs,
cutting, yarding, hauling, etc., are
compared to prior months, other logging camps and the cost of "contracting out" the logging operation. Complete cost records continue to prove
the economy of proper forest management. Careful bucking, grading, precutting, thinning and the company's
ability to utilize salvage woods have
resulted in higher quality logs, lower
costs and lower fire losses due to
cleaner forests. Log costs are pooled
through regional offices with costs
flowing to participating mills on a
moving average basis.
The use of tabulating equipment
has simplified the problem in cost control yet broadened their scope. Major
tabulating departments are located at
several of the larger mills and also at
centralized locations throughout the
country. Functions performed include:
Plant payroll
Sales analysis
Consigned sales
Mill shipments
Check reconciliations
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Machine utilization
Job costing
Quality control
Reconciliation of freight charges
Accounts payable
Material distribution
Standard costing statistics
Maintenance hours by job
Order statistics
Production statistics
Forest growth and mortality
Timber sales
Inventory reports
Mechanization of applications is
governed by the economies involved
and the unused capacity of the tabulating equipment.
Operating mills furnish considerable
cost information to the industrial accounting department at corporate
headquarters. This information includes principal cost statements, product cost estimates, product standard
costs and sundry cost summaries. The
headquarters industrial accounting department services the corporate executive level with mill cost information.
This information greatly condensed is
primarily utilized by many corporate
departmental managers. The cost information is used in the following
areas:
— Corporate profit control through
programming production at most
logical mill location.
—Daily decisions affecting corporate sales program and related
mills.
— Situation analyses for corporate
executives.
—Cost control comparisons of
similar operations and products.
— Appraisal of mill results on
corporate basis.
—Cost liaison between such corporate departments as sales, manufacturing, production planning, and
distribution.
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—Cost liaison between the company's major operating divisions:
forest and timber divisions, pulp
and paper manufacturing divisions,
and waxing and container divisions.
—Long range planning studies.
Executive monthly cost control reports include: (1 ) quick cost summary, overall costs, and various profit
analyses— originating at the mills; (2 )
product profit report by mill of origin
— originating at regional offices; and
(3) product profit report by sales division, consolidated financial and operating report, and special analyses —
originating at corporate headquarters.
The profits and return-on- investment report and the primary mills and
converting plants comparative costs
and statistics reports are issued less
frequently.
Product cost estimates and product
cost standards are furnished manufacturing executives, sales executives and
the pricing department. The mill of
origin product profit report reflects
pertinent mill data, while the sales division product profit report shows pertinent data serving sales department
needs. Sales divisions sell products
from more than one mill; a single report cannot equally serve the mill and
the sales division. The mill of origin
product profit report shows each mill's
net sales realization, cost and gross
profit by product and mill total. Periods and mills are compared for gross
profit, return on investment, turnover
of inventories and major inventory
classifications.
Sales invoices are recorded on tabulating equipment. This permits the
preparation of a book -size sales division product profit report. Each sales
division's product groups are reported
for monthly and year -to -date tons sold.
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Gross sales, net sales, manufacturing
cost, cost variance, cost of sales and
gross profit for each product are shown
in amount and on a per -ton basis.
Comparison is made to the forecast.
Sales division and corporate summaries
are prepared.
The consolidated financial and operating report is designed for top management. In condensed form, it presents income by sales division, production by mill, key financial statements and progress charts.
A semi - annual return on investment
report shows the return on investment
for each sales division and for each
of its product groups. A sales and
profit and loss statement is shown for
each product group.
Cost Control Decisions on
Ample Information
In this article, the principal pulp
and paper mill cost controls have been
identified and partly described, but it
should be understood that similar controls exist in all the other manufacturing operations of the corporation. It
is significant in a widely dispersed
multi -mill operation that innumerable
cost control decisions cannot be delegated to the mill managers. In these
instances, corporate management sets
the pattern on a broad scale for the
local manager's action. However, the
cost control information system at the
operational level has been emphasized
in this paper since a multitude of decisions originate at this level, together
with a mass of basic information. Use
of the progressive flow upward of operating cost information and statistics
is the watchword for the program our
company follows in providing products to the public at the lowest cost.
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Deferred Credit to Income on the Balance Sheet
by THOMAS L. FOREMAN*
HE ARTICLE•.

"Deferred Credits —A Disguise" by James M. Owen in the April 1962

issue of the N.A.A. Bulletin is most interesting. The widespread use and acceptance
of deferred credits by accountants is consistent with the recognized conservative precept,
"anticipate no profit and provide for all possible losses." It is tru e, however, that matching revenues with appropriate expenditures would necessitate deferring income to a
period when the expenditures are incurred.
It is perhaps difficult to understand or explain the basic balance sheet equation that
assets = liabilities +- owners' equity without explaining the "going concern" concept.
Although there are differences among accountants as to whether the ba la nce sheet or the
income statement is more important, the fact remains that the balance sheet is a continuing link with a series of income statements. W e assume that the business involved
will continue operations and that certain costs, expenses and deferred income items appearing on the balance sheet a t a given date will be reflected in subsequent income statements.
The 1961 Accounting Trends and Techniques published by the American Institute of
Certified Public Accountants indicates that of the 103 companies presenting deferred income items on their balance sheets during the year 1960, 70 of these companies presented
deferred income on the balance sheet above the stockholders' equity section. This survey
further reveals that of the rema ining 33 companies, deferred income was presented by 18
of these companies in the current asset section, 13 companies in the current liability
section, and the remaining 2 companies in the current asset section and above the stockholders' equity.
From the foregoing, it would seem that the basic balance sheet equation of assets =
liabilities +- owners' equity is not universal in actu al application of deferred income items
presented in the balance sheets of most companies.
It would seem appropriate to recognize the wide acceptance of the deferred income
presentation above the owners' equity section of the balance sheet whenever the balance
sheet equation is discussed, even though most of the deferred income items may be considered, from a theoretical viewpoint, to be a n offset to a n asset, a liability or a deferral
for recognition in the owners' equity section by reflection in subsequent income statements.
*C.P.A., Lindsay, Squires & Everett, Greensboro, North Carolina.
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Multiple- Product Operating Statements
in an Oil Refinery
by A. J. POINTS
operating statements can be developed to give
the reader a concise, yet informative
picture. Operating statements for a
modern oil refinery probably embrace
a greater number of products than
would be encountered in most other
industries. For example, our company,
which is by no means a major company,. markets approximately 2,500
petroleum products ranging from axle
grease to high octane gasoline and
petrochemicals such as naphthalene,
benzene, xylene and toluene. Obviously it would be an almost insurmountable task to cost, or even identify, in operating statements each of
the products which we manufacture.
Fortunately, we can group most of
the products into rather broad categories, thus giving management a realistic view of the operations in major
classifications. It may be pointed out
that sales of virtually all products are
recorded separately for analysis by the
departments responsible.
A typical refinery manufactures 8
or 1 0 different basic products. However, within these groups there are
literally hundreds of different products. For example, in the asphalt group
alone approximately 75 different
grades of products are manufactured,
ranging from light asphalts for use in
the manufacture of paint to heavy
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road- building material. The naphtha
group also includes a wide range of
specialty products, from dry cleaners'
naphtha to stocks for the manufacture
of plastics. Regardless of how many
different grades of naphtha are sold,
they still belong to the naphtha family.
Our internal operating statements
provide a good approach to reporting
for the variety of products which are
made in our refineries; this approach
may have application in many other
industries which are confronted with
similar problems. If the presentations
contained in this paper are helpful in
this way, its purpose will be realized.
The statements described herein are
designed to give management a comprehensive but not too detailed look
at the results in a refinery. These statements are prepared monthly and carry
a year -to -date accumulated total. For
comparative purposes the same month
and period a year ago are also shown
in the statements we use. They are
distributed to a number of key personnel in each refinery and of course
to our top management.
One of the problems in our company has been the separation of inventory profit or loss from operating
results. In common with most companies in the oil industry, our company uses the last -in first -out, or lifo,
method for costing both raw stock

A. J. POINTS is Controller of Ashland Oil & Refining Company, Ashland, Kentucky. He
has been with the company since 1931. Mr. Points holds an A.B. degree from Georgetown
College (Kentuck y).
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and product inventories. In fact, we
were one of the pioneers in use of
this inventory concept, having adopted
it in 1941. Reduced to general terms,
the lifo method of inventory valuation
contemplates a certain level of products which constitute working stock
necessary for the conduct of business.
So, in our case, we have many products in storage priced at costs substantially less than the current manufacturing costs. Theoretically, and in essence, any products added to the original inventory at the established cost
in 1941, have been priced at the cost
in the period in which the additions
occurred. In a rapidly growing company such as ours, it is inevitable that
the base stock, or minimum operating
inventory, expands in relationship to
the growth. As a consequence, the
efficient working stock of products has
become larger as layer after layer has
been added through the years to keep
pace with the demands of expanded
operations. Each of these layers has
been priced at approximate cost in the
fiscal period in which the increase occurred. The net effect of all this has
been to freeze the cost of more and
more products at prices below current
manufacturing costs.
By the very nature of the oil industry it is necessary to look to the future; that further complicates the inventory problem. In the winter months,
when burning oils and distillates are
in great demand, most refiners try to
manufacture as large a volume of
these products as they can, hoping that
their stocks at the beginning of the
period plus the expanded production
will take care of burning oil demands
for the season, and at the same time
allow the companies to manufacture a
supply of gasoline to meet the demand
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for that product during the forthcoming summer season.
The operating statement given below is intended to present, in a simplified fashion, the operations of a refinery in a typical winter month, possibly March. As we go through this
statement, it will be observed that we
have tried to isolate any profits or
losses arising from inventory fluctuations. Our refinery people want to
know how much profit they made in a
given month or period, using the actual realizations for the various products manufactured in the period. There
is some merit in their thinking, so we
prepare a statement which gives the
plant management what it wants and
also satisfies the general management
of the company.
Crude Oil Purchases
We have assumed that the refinery
processes an average of 30,000 barrels
of crude oil a day and that it receives
its supply from a number of oil fields
by common carrier pipe lines. Since
our intention is to isolate any inventory
profits or losses, we must be sure that
the cost of the raw stock to the refinery
is at current average prices. We do
this by a very careful and detailed accounting for crude oil purchased in
various fields. The summary of crude
oil purchases, inventories and refinery runs is set forth on Exhibit 1.
All prices are purely hypothetical.
It will be noted that purchases
from each state have been segregated. Purchases from some of the
states may be comprised of several different grades of crude oil at varying
prices but to show the detail behind
all of the purchases would be impractical in this general discussion. As indicated in the exhibit, total crude oil
N.A.A. BULLETIN
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purchased during the month was 909,500 barrels at a cost of $3.0205 a barrel or a total of $2,747,155. This was
9,500 barrels more than the refinery
processed, which shows up as an increase in inventory.
The refinery actually processed 500,000 barrels of Illinois crude as against
415,365 barrels purchased during the
month. In contrast, it processed only
100,000 barrels of Kansas crude
whereas 158,670 barrels were purchased. The charges to the refinery
for the three grades of oil which it
processed are the delivered prices from
each field after reflecting field losses
and allowances to common carrier
lines. Thus the $2.94 shown here as
the cost of each barrel of Illinois crude
represents the laid -in cost of that
oil

oil at the refinery. After computing
these costs for the various fields from
which crude oil was purchased, we
find that the total cost of the 900,000
barrels which the refinery processed
was $2,700,000 or $3 a barrel. If the
refinery had been charged for crude
oil at the average cost of the oil purchased during the month, less inventory fluctuation, the charge would have
been $2,718,940 or $3.0210 a barrel.
The difference of $18,940 has been
segregated as an inventory loss but the
refinery has been charged the current
cost for each grade of crude oil it processed during the month.
The next figures we need are the
sales volumes and the net price received
for each of the products, which are
assumed to be as follows:

Product

Gallons

16,778,000
Gasoline
..................
350,000
Industrial naphtha
.......... 3,315,000
Kerosene
................. 11,317,000
Distillate
................. 5,878,200
Heavy fuel oil
............. 1,137,000
Asphalt

..................

Total

................

38,775,200

We next look at the opening and
closing inventories and find that there

Price

Value

.1100
.1050
.0950
.0850
.0700
.0748

$1,848,580
36,750
314,925
961,945
411,474
85,105

.0943

$3,655,779

were wide seasonal fluctuations among
the various products:

1 ndust vial
Heavy
Gasoline naphtha Kerosene Distillate fuel oil Asphalt
Inventory (in thousands of gallons) :
At end of period 24,495
At beginning of
21,995
period

550

6,825

13,245

3,740

4,625

333

8,250

15,490

6,250

4,250

Inventory increase
or (decrease) . .

217

......
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2,500

(1,425) (2,245) (2,510)

375
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cause they are directly related to profits. The following summary shows a
typical computation which we use to
evaluate these inventory fluctuations:

Ga llo n s
Gasoline:
2 4 ,4 9 5 ,0 0 0
Inventory end of period
..... 2 1 ,9 9 5 ,0 0 0
Inventory beginning of period.
2 ,5 0 0 ,0 0 0
Inventory increase

..........

Inventory loss

2 ,5 0 0 ,0 0 0

Va l u e
$ 2 ,3 0 2 ,5 3 0
2,0 4 5 ,5 3 5

.1027

25 6 ,9 9 5
2 7 5 ,0 0 0

.1 1 0 0
$

Inventory increase at realization

Price
.0 94 0
.0 9 3 0

$

Whereas gasoline stocks increased
sharply, kerosene, distillate and heavy
fuel oil stocks decreased, and asphalt
stocks remained about the same. We
are interested in those fluctuations be-

.............

As can be seen, the difference of
represents a loss in putting
2 ,5 0 0 ,0 0 0 gallons of gasoline into inventory, as against selling them. We
realize that it is a hypothetical figure,
but it does put the refinery on a realistic
operating basis and at the same time
points out to management very clearly
that it is expensive to manufacture
more gasoline than it can sell. However, due to the seasonal demand for
gasoline, it is usually necessary to build
up inventories during the winter
months in order to supply the demand
in the summer months, and we have
assumed this is a winter month. When
this gasoline is taken out of inventory,
the losses which we have shown here
should come back as inventory profits,
assuming, of course, that prices are at
least as high in the month in which

$ 1 8 ,0 0 5

18 ,00 5

the product is sold as they were in the
month in which the product was manufactured. Regardless of the price this
gasoline may bring in the future, the
refinery operating profit will not be affected —the refinery has sold its production for current prices and will receive no credit for increases in prices
which might be in effect when the
gasoline is finally sold —nor will it be
penalized should prices be lower.
Just to illustrate this computation a
little more forcefully, let us assume
that all of the production of gasoline
for the period was added to inventory
and that, had it been sold, the same
average price of 110 a gallon would
have been received. Then the inventory figures would have looked like
this:
Price

Va l u e

41,2 7.3,000
Inventory end of period
....... 2 1 ,9 9 5 ,0 0 0
Inventory beginning of period...
19 ,2 7 8 ,0 0 0
Inventory increase

.0 9 5 0
.0 9 3 0

$ 3 ,9 2 0 ,9 3 5
2,0 4 5 ,5 3 5

.0 9 7 3

$ 1 ,8 7 5 , 4 0 0

Inventory increase at realization..
Inventory loss

.1 1 0 0

2 ,1 2 0 ,5 8 0

Ga llo n s

Ga so lin e

............

...............

It is abundantly clear from this
statement that profits do not come
from inventory accumulations —they
are generated only when products are
JUNE, 1962

$

19 ,2 7 8 ,0 0 0

2 4 5 ,1 8 0

sold.
Now let us look at a product which
showed a very large decrease in inventory during the month:
89

Ga llo n s

Price

Inventory end of period . . . . . . .
Inventory beginning of period...

13 ,2 4 5 ,0 0 0

.0 74 0

15 ,4 9 0 ,0 0 0

.0 75 0

Inven tory decr ea se . ... .. .. .. ..

2 ,2 4 5 ,0 0 0

.0 8 0 9

Inventory decrease at realization. .

2 ,2 4 5 ,0 0 0

.0 8 5 0

Distilla te

Inventory profit . . . . . . . . . . . . . .
We will assume that the distillate
inventories looked like this and we
will assume that the unit price at the
end of the month was slightly less than
at the beginning of the month because
higher -cost material was taken out. We
see that 2 ,2 4 5 ,0 0 0 gallons of distillate
were taken from inventory during_ the
month and, from the sales realization
figures, we again, find that the net
average realization for each gallon of
distillate sold during the month was
8 .5 ¢ . Since the product was sold for
more than its inventory value, there
was a resulting profit of $ 9 , 2 0 5 . In
this example, we charge the refinery
for the gallons of distillate sold from
inventory at the average sales price for
the period, which keeps the refinery
yield on a current basis. The computation of the inventory profits and
losses in the other products is the same
as the two which we have looked at in
detail.
Operating Results
We are now ready to see what our
operating report is going to look like
(Exhibit 2 ) . The first product we will
consider is gasoline and the first line
under the gasoline caption is "sales."
Immediately under it we have provided a caption which reads "additions to
inventory" and, in this particular case
we know that we manufactured more
90

Va l u e
$

980,130
1,1 6 1 ,7 5 0

$

1 8 1 ,6 2 0
19 0 ,8 2 5

$

9 ,2 0 5

gasoline that we sold, so we put on
this line the same figures which we developed in the discussion of our gasoline inventory. It is a very simple
matter to add these two lines and arrive at the total production of gasoline
for the period, valued at current realizations.
In determining our distillate production, we again use the sales which have
been developed. In this case we reduce those sales by the number of gallons of distillate taken from inventory
during the period at the current
month's price. This figure we also developed in discussing the distillate inventory position. The computation for
all of the other products match one or
another of the ones we have just
looked at. In this manner, the operating statement lists each product made
and shows what we got for it, how
much we made, and the percentage recovery of each product to crude oil
refined.
The total value of the production
from our refinery was $ 3 , 5 5 0 ,1 2 0 .
From this we subtract the cost of crude
oil refined and arrive at a gross profit,
or as it is commonly known in the oil
industry, "the refining margin." At
this point we are ready to consider operating expenses. Although we break
our expenses down into many classifications for cost study purposes, no attempt is made to do that here because
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Re fi n er y

St a t e m e n t

Operating

%

1962

Gal lon

to Crude

Revenue
a -s o-1 ine:
Sales to c u sto mers
Ad d i t i o n s t o i n v e n t o r y

Value

.1 1 0 0
1100

$1,845,580
275 ,0 00

.

16, 778, 000
2, 50 0,000

Price

.1 1 0 0

$2,120,580

1. 5 0 %

350 ,0 00
217 ,0 00
567,000

1050
1050
1050

36,750
42. j 7 8 5
59, 535

3,315,000
1,4 2 5 , 0 0 0
5.00%

N e t k e r o s e n e pr o d u c ti o n
Di st il la te :
Sales to c u sto mers
De du ct io ns f r o m i n v e n t o r y
Ne t d i st i ll a te pr o du c ti o n
He a vy E
oil:
Sales s t o c u s t o m e r s
T r a n s f e r s t o fu el

1,890,000

$

.

.0 95 0
.0 9 5 0

$

.0 9 5 0

$

314 ,9 25
135, 375
179,550
96 1 ,9 4 5
190 ,8 25

.0 8 5 0
.0 8 5 0

9,072,000

.0 85 0

$

77 1 ,1 2 0

5,878,200
33 ,8 00

.0 7 0 0
.0 7 0 0

$

411 ,4 74
2, 366

5,912,000
2,510,000

.0 7 0 0
.0 7 0 0

$

413,840
175,700

9.0 0-1

3 ,4 0 2 000

.0 70 0

4.00%

1,137,000
375 ,0 00
04

-7 7 r r

.07 48
0748
TUTT6

$

3.0 0 %
2. 5 0 %

35,721,000
1,134,000
945,000

.0975
.0 6 0 0

$3,482,080
$
68 ,0 40

100.00%

37, 800, 000

=0. 03 9

$3, 5 50, 1 20

Z3 8 , 1 4 0

o

$

[

Ne t h ea v y f u e l o i l pr o du ct io n
As p h a l t :
Sales to c u sto mers
Addi t i o n. to invent or y
Ne t a spha l t pr o duc t i o n

$

11, 31 7, 000
2,245,000
24.00%

To t al sal es
De du ct io ns f r o m i n v e n t o r y

To t a l l i qu i d r e c o v e r y
Gas re co ve ry
Refi ning l oss

$

85,105
28 ,0 50
- T 53

.

To t a l p r o d u c t i o n

$

19,278,000

.

51.00%

.

Ne t g a so l in e pr o d u c ti o n
In d u s t r i a l n a p h t h a :
Sales to c u sto mers
Ad d i t i o n s t o i n v e n t o r y
Ne t i n du s t r i a l n a p h th a p r o du c t i o n
Keros ene:
Sales to c u sto mers
De du ct io ns f r o m i n v e n t o r y

Price

Va l u c

500,000
100,000
300,000

2.9500
3.2 500
3.0 000

$1,475,000
325,000
900,000

90 0 ,0 0 0

3,0000

$2,700,000

Refining margin
E x p e n s e s (c l a s s i f i e d b y de t a i l a c c o u n t s )

.9 4 4 6
.6 77 8

Ope r a t i ng pr o f i t
Ne t i nve nt or y ( l o s s ) o r ga i n o n pr o du c t s
added to or take n from i nventory

.2 66 8

Ne t p ro f it be f o r e ta x e s o n i nc o m e

$

$

Cr u de Oil Ref ined
tno ts
Kansas
Ohio

850,120
610 ,0 00
240,120

.0445

40,093

.3113

280 , 2 13

$

Barr el s

EXHIBIT 2

we feel it would detract from the message which this article is telling. Consequently, we use the following captions and include in the figures all the
expenses for the entire plant:
Expenses

Administrative and general overhead
Selling
Rail transportation
Royalties
JUNE, 1962

Depreciation
Accelerated amortization
Operating labor- supervisory and
clerical
Operating labor
Maintenance labor- supervisory and
clerical
Maintenance labor
Group insurance, annuity expense
and payroll taxes
91

Maintenance materials
Supplies
Power and water
Fuel gas to fuel
Fuel oil to fuel
Coal to fuel
Natural gas to fuel
Noncontrollable expense
These expenses are stated in dollars
and in cents per barrel of crude oil refined. An experienced superintendent
can look at them, particularly the unit
costs, and tell at a glance if they appear to be out of line. If he desires
more detail, it is available in each
classification of expense.
At this point we must go back to
our inventory computations and find
out how much of the indicated operating profit is due to inventory fluctuations. The inventory calculations are
shown for each product, as described
previously, to indicate the composition
of the inventory gain or loss for each
product. We know from this statement how much inventory profit or
loss is reflected in the operating profit
or loss for the plant. Notice that we
do not carry this inventory profit or
loss figure back to each individual
product in the operating statement, because this would be contrary to what
we are trying to establish, namely, that
the plant made or lost a certain number of dollars based on current operating conditions for the period involved.
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So we arrive at a total operating profit
and then bring our total inventory
profit or loss figure into the whole
computation.
Carrying Reporting Down
to the Operating Unit
In addition to a composite operating
report of each refinery, which may include as many as five or six different
processing units, we also prepare an
operating report for each of those
processing units. This report is virtually the same as the composite report
exhibited here. Of course, it is necessary to establish transfer prices for
products manufactured in the auxiliary
units. This is done very carefully by
our technical division in conjunction
with the sales department. Products
manufactured in these various units are
transferred to a blending plant at established prices. The blending plant is
cleared each month by either charging
or crediting to the various units any
profit or loss in the plant.
We think that the statement shown
in Exhibit 2 presents, in easily readable form, a composite report which
a busy president or other officer can
use without being swamped with a
mass of detail. The profitability of the
plant is measured by current realizations and costs, and yet the effect of
adding to or withdrawing from inventory is presented very forcefully.

N.A.A. BULLETIN

Xeyood These emers
Book s
Cost Accounting
Charles T . Horngren, Prentice -Hall, Inc.,
Englewood Cliffs, New Jersey, 1962, 801 pp.,

$11.63.

Subtitled "a management emphasis," this
text is comprehensive and gives attention to
topics of especial interest today, including
direct costing, capital budgeting and electronic data processing. The last section of
the book, called "a reappraisal" explores
new devices for decision making.
Cost and Budget Analysis
John Dearden, Prentice -Hall, Inc., Englewood
Cliffs, New Jersey, 1962, 203 pp., $6.

With a title provocative to the practical accountant, this book opens with attention to
cost systems and variance analysis and covers cost allocation, by- product accounting
and the direct -vs.- absorption -cost topic before centering on budgetary control, profit
analysis and supplementary control techniques.

eight chapters as many lectures delivered a
year ago at M.I.T. "to honor its 100th
birthday." Each lecture includes, besides the
main speaker, two "discussants" and their
remarks also appear in the book. It should
be noted that, while "Management Decision Making' is the title of one cha pter, the
lecture series deals broadly with the uses
and potentials of computers.
Guide for Auditing Automatic Data
Processing Systems
Department of the Air Force, U. S. Govern-

ment Printing Office, Washington 23, D. C.,
Paper Bound, 1961, 75¢.

A readable coverage of electronic equipment, its assembly into data processing systems, the effect upon internal control, and
techniques of surveying and auditing such
systems, is afforded by this presentation. It
has been "released as a matter of general
interest, for those in the accounting and
auditing professions who may find it of
some benefit."

Institute on Accounting
School of Business, University of Colorado,
Denver, Colorado, Paper Bound, 1962, 66 pp.

The topics treated in the printed proceedings of this Eighth Annual Institute on
Accounting run somewhat to the financial
side. "Unrealities in Accounting Reporting"
and "Making the Financial Statements More
Meaningful" are principal topics. Considered also are the services of the C.P.A.
to small businesses and ethical problems in
public accounting practice.
Management and the
Computer of the Future
Martin Greenberg, Editor, John Wile 6 Sons,
Inc., 440 Park Ave. South, New York 16,

N . Y . , 1962, 340 pp., $6.

Co- published by the Massachusetts Institute
of Technology Press, this work gathers into
J U N E , 1962

Organisation and Administration of
an Internal Auditing Department
Institute of Infernal Auditors, 1 2 0 K u l l Street,
New York 3, N. Y. , Paper Bound, 1962,

62 p p., $1.

Designated as a guide and identified as Research Committee Report No. 11 of the
I.I.A., this statement goes into particulars
in many respects. Its chapter titles, revealing its coverage, are "Planning for Internal
Auditing," "Planning the Internal Audit
Staff," "Administration of the Audit Staff,"
"Planning the Audit Work ," "Conducting
the Au dit Assignment" a nd "Other Administrative Matters." There are ten appendices
definitive of a number of matters treated,
such as the responsibilities of the internal
auditor.
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The Management Audit

mi ght cont ai n,

Wi ll i a m
P. Leonard, Prent ice -Hall, I nc.,
Englewood Cliffs, New Jersey, 1961, 238 pp.,
$15.

consi de r such topics as t he "r o l e of par-

T h e pre face st at e s, "A m o n g o t h e r t h i n gs , it

special ist s — and the rol e of comm uni cat i on

t i ci pan t s" — t op
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man age me n t ,

pe rsuasi on

this

book

commi t t ee s,
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the ory and

the factors con t ri but i ng to hi gh costs and

these are discussion of planning as such,

t he ory.

Pre ce di ng

poor profit s." As a wh ol e the book is a

the dimensions plans may have and the

de scri pt i on of how to make a man age me nt
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audi t ,

need not expe ct to find part i cul ar me nt i on.

st art i ng

wi t h

its organi z at i on

and

conc l ud i ng wi t h re vi ew of f i ndi ngs, wri t t e n
re port an d foll ow -up. Eval uat i on of exe cu-

Superior - Subor dinate
C om m u ni c a t i on in Ma na g em en t

tive effective ness is a part of t he process

Mai er, Ho ff m a n , Ho o ren a n d Rea d , Ameri ca n
Managemen t A sso ci a t i o n , 1313 Br o a d wa y , N e w
Yo r k 36 , N . Y . , Paper Bo u n d , 19 61 , 96 p p .,
$3.73.

described.

C . P. A . C o ac h i n g

A ce nt ral sugge st i on in this st udy is "i n -

Hought on Mifflin Co ., 2 Park Street, Bost on,
Mass., Paper Bound, 1962, $28.73.

Prefaced with a "basic handbook" explanatory of the uniform C.P.A. examinations,
this set (5 volumes each of text and solutions) consists of condensed topical material, plus problems, on accounting practice,
accounting theory, auditing and commercial
law. These are the four exa mina tions making up the series.

A

crease in

joint de ci sion m a k i n g" be t we e n

supe ri ors an d subordi nat e s as assi stance in
comm uni cat i on. T h e enti ret y of the pre se ntati on

is A. M . A. Research St udy N o . 52

an d i s ba se d on a stati st ical surve y refle cte d
in text and table s. Ap pe nd e d to i t are relevant essays i nc l ud i ng the lat e G e o r ge Or we l l 's ( a u t h o r of 1984 and A n i m a l Fa rm )
"Pol i t i cs and the Engli sh l a n gu a ge . "

Ideas for Management

C r e a t i ve Ma n ag e m e n t

Th om as G . Horii , Edit or, T h e Macmi llan
Co mp an y, 60 Fi ft h Ave nu e, N e w Yo rk 11,
N . Y . , 1961, 410 pp., $18.

No rm an R. F. Ma i e r a n d J o h n J . Ha yes, Jo h n
Wiley & Sons, Inc ., 440 Park Ar e . South,
N e w Yo r k 16, N . Y . , 19 61 , 226 pp ., $ 5 .9 5 .

the

T h e uses a n d c o n d u c t of c o n fe re n c e s pla y a
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thors are concerned that leadership take

Proce dure s

at

Associ at i on,

this

book reproduces both major conference ad-

pl ace at al l levels of

dresses ( six in number) and the seventy five or so other individual contributions to

ackn owl e dge d at the st art t h at t h e s t r uc t ur e

topics grouped as: managerial and general
systems subjects, technical systems subjects,
communication and data processing techniques, and technical subjects related to
specific industries.

of

busi ness

is

man age m e n t .

aut h ori t ar i an ,

a

It is

si t uat i on

from whi ch pr ogre ss ca n, howe ve r, be m ad e
to ut il i zat ion of the i n de p e n de n t po w e r s of
subordinates. Motivating acceptance of decisi ons is al so a t he me pursue d in t he book.

Planning Theory

Bi bl i ogr aphy� — C as es i n
Bus i nes s Adm i n i s t r at i on, Vol um e VI

Preston P. LeBret on and Dale A. Henn i ng.
Prent ice -Hall, I nc., Engle wood Cli ffs, N e w
lerse), 1961, 357 pp., $9.25.

Grace V . Lind� (ors, Compiler, Intercollegiate
Case Clea ri ng Ho u se, Bo st on 63 , Mas s., Paper
Bound, 1961, 149 pp.

D e a l i ng more wi t h t he proce ss o f p l a n n i n g

T h e analyt ical li sti ng of cases in this bib-

than wh at

l i ogr aphy, i ncl u di ng cases in accoun t i ng, is
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"published and distributed on behalf of
the Intercollegiate Contributors and The

An Inquiry into Some Models of
Inventory Systems

American Association of Collegiate Schools
of Business." The intention, as with previ-

Mark A! andary- Alexander, University of Pits.rburgh (Pennsylvania) Press, Paper Bound,
1962, 108 PP., $4.

ous volumes, is to build up accessible teach-

The accountant can make himself feel at
home amid this mathematical approach if
he turns to Chapter IV, where he will find
the "multi -bin inventory procedure," the
sum of stock (on ha nd a nd on order) system, the "base -stock level system" and the
"fixed -order cyclic" system identified. He
can then go back and follow through the
exposition in its order, assured that the
theoretical is being pursued for the sake of
the practical.

ing materials in the business field. Cases are
available at a small per page charge.
Planning Production, Inventories,
and Work Force
Holt, Modigliani, Muth and Simon, Prentice Hall, Inc., Englewood Cliffs, New Jersey,
1960, 419 pp., $10.60.

Essentially a work in the production planning and control field —and mathematical
and statistical in character —this work is
none the less not without relevance to the
accountant, if only for a view of the intricacy which may exist in a field with
which he has frequent contact and of which
he must have some understanding.
Plant Production Control
Charles A. Koepke, John Wile y 6 So ns, Inc.,
440 Park Ave. South, New York 16, N. Y. ,
Third Edition, 1961, 373 PP -, $11.75.

There are overlaps between the coverage of
many accounting - related areas and of accounting itself. One instance of this is the
chapter on "Inventory Control Systems" in
this book. The treatment is from the engi-

Capacity Utilisation and
Business Investment
Donald C. Streever, University of Illinois,
Urbana, Ill., Paper Bound, 1960, 76 PP.,
$1.50.

"An analysis of the relationship of business
capital expenditures to variations in the rate
of utilization of productive capacity," this
study, Bulletin 86 of its publisher, is thus
in the realm of economic theory. However,
the determination of a company's current
capital requirements is a process to which
the accountant has so practical a relationship that he may be interested in its theo.
retical determinants as possibly related to
his own company's situation.

neering viewpoint but the subject matter is
of direct -pertinence to many accountants.
To a lesser degree, this is tru e of the book
as a whole.

Methods Engineering
Edward V . Krick, John Wiley & Sons, 440
Park Ave. South, New York 16, N. Y. , 1961,
530 PP., $10.75.

Entirely within the accounting - related field
of methods study, this text nevertheless concerns the basis of standards and also deals
with several topics of separate interest to
the accountant, such as work sampling.
JUNE, 19 62

Output, Input and
Productivity Measurement
National Bureau of Economic Research, Inc.,
Princeton University Press, Princeton, New
Jersey, 1961, 506 Pp., $10.

A text largely in the economic field, this
book, contributed to by many authors, deals
on a national basis with various sides of a
problem which is complex even when
tackled on a company basis. The soundness
of differing methods and data sources is
explored. The work is Volu me 2 5 of Studies in Income and Wealth by the Conference on Research in Income and Wealth.
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