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Operations Research and the Accountant
by ARTHUR A. BROWN
to present this paper on a subject which I believe is important to both the scientific professions and accounting and, on that account,
to American business and industry generally. The practice of operations research has developed greatly during the years since World War II and, in the
development, its practitioners have had close relationships with accountants.
There have been occasions for misunderstanding on both sides, as is only
natural in any new and growing relationship, but I believe that our mutual
understanding is on the increase. If today I can contribute to further progress,
I shall be happy.
T IS A PLEASURE

It seems to me that a glance at the characteristic methods of operations research—or, at least, at one feature of these methods —plus a discussion of some
of our joint problems, may be fruitful. This will necessitate taking o$ into a
somewhat rarefied atmosphere, and peering into the mental processes of the
operations research worker in one of his typical behavior patterns.
The Meaning and Use of Models in Operations Research
The professional language of the operations research worker makes frequent
use of the word, "model." The construction and use of models are essential
parts of the operations research approach, and an understanding of what we
mean by model, and how we make use of it is essential to an understanding
of operations research. A model is a mental image of a real object or process,
simplified and abstracted by suppression of irrelevant details and put into
communicable form. A good model is a compromise between completeness
and simplicity; it must be complete enough to provide useful information about
the real situation and simple enough to be thought about fruitfully. Because
it neglects certain details, it may apply to a number of different processes; the
more abstract, the more situations it will fit and the less it will say about them,
which is another reason for compromise. A model, then, is a description of a
process. More, it is an explicit description. The ideas and relationships in-
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volved are written out and defined as clearly as the model- maker's skill permits.
Also, and most importantly, they are statable in numbers and refer to quantities which can, in some way or other, be measured in the real situation or
process to which the model corresponds.
Aside from the obvious value of knowing what we are talking about, we get
two other valuable contributions from model - making. First, the model allows
us to see how the process would operate under different conditions, that is, to
make projections and so to find the best methods of operation. Second, study
of the model inspires us to develop new concepts, that is, to invent new ideas
which have a practical meaning in connection with the original process. In one
way, model - making is not peculiar to operations research. Much of our ordinary speech and communication consists of making and using models. We
abstract whenever we use language, or even whenever we think or perceive.
The difference is that the operations research man has had a long training in
the self - conscious use of abstractions. In studying a business problem, he therefore does his best to expose his assumptions and to cast his models in quantitative terms. This difference is worth studying a little more closely.
What We Mean By Abstraction
Abstraction means literally the act of separating out. When we abstract from
a situation, we pull out the important elements and discard the irrelevant details. The purpose is to let us focus attention on certain factors which belong
to the situation under study and which also belong to other situations which
are important to us. The irrelevant details are those which are not common to
the whole group of situations or which may change without affecting the process in which we are interested.
To look for a moment at a specific example, let us think of Miss Universe
of 1959. To the Chamber of Commerce, she represents one element in a
publicity campaign which brings in profit to the local merchants and, as such,
takes her place in the general budget. To the Treasury Department, she represents a taxpayer —a filled in Form 1040. To her manager, she represents,
among other things, an annual operating statement, to her physician, a set of
charts and symptoms. In their professional capacity, none of these people —
promoter, tax collector, manager, physician — should allow himself to be distracted by the individual details which give Miss Universe the title, much as
he might individually prefer the distraction.
To come a little closer to home i.e. business, suppose we consider the problem of inventory control. Any specific inventory is made up of particular items4
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soap, electrical components, tin cups, washing machines, cabbages, shoes, or
even sealing wax. Abstractly, however, it is characterized by values, carrying
costs, storage costs, turnover, obsolescence, spoilage rates, and so on. These elements are common to all inventories, to a greater or lesser degree, and are
therefore the factors which are of primary interest to the model- maker.
The concepts just mentioned are, in fact, accounting abstractions. Because
accountants have developed and learned to use abstract concepts, they are able
to work in a wide variety of specific situations. Similarly, if we learn to make
use of these notions for inventory control purposes, and write down equations
that describe their natural inter - relationships, we will be able to deal with a
wide variety of inventory problems. What we learn from one specific case can
be carried over, in this language, to other different cases, provided we do not
let ourselves be distracted by irrelevant details.
An Abstract Production Process
In order to see what an actual model looks like, let us try to describe a
production process in the abstract. What are the relevant characteristics? First,
a lead time, which is the time between placement and delivery of a production
order. Second, the size of the inventories of finished goods. Third, the rate of
demand on finished goods inventories. There are, of course, other characteristics, but we might see how far we can get with these quantities alone.
Before we answer the question, we have some definitions and assumptions to
get out of the way. First, as to lead time. We all know that there is no one
single time, even in a particular process, which can be stated exactly as the
lead time. Sometimes an order can be put through quickly, sometimes it will
be held up for any one of a number of reasons. Nevertheless, in the first
degree of abstraction, we will talk about a fixed single lead time, say T, which
is the time - interval between placement of a work -order and receipt of the
order in inventory. This means we are weighting the balance on the side of
simplicity and against completeness.
Now as to inventory. We neglect for the moment all the products which
make it up, and think of pure quantity. So we speak of an amount of inventory I. The same with the sales demand S. But an inventory is a snapshot
quantity—we can take inventory at any instant of time. Sales demand, like
production, requires that some time - period be attached to it. We must think of
monthly sales, daily sales, annual sales, etc., and so with production. We
therefore specify some abstract time unit, making sure that the lead time T is
measured in these units, and attach a time unit to P and S.
J U L Y , 19 5 8
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Now we can begin to write down some relationships. The first is the inventory balance equation:
(1)

I e n d i n g , k = I op e n i n g , k

+ Pk

Sk

—
in which P and S refer to production and sales during the unit time period,
and k is a time designator, such as March, or 1958, or tenth week. We use an
abstract symbol to avoid being pinned to specific occasions. We note that we
have left shrinkage out of consideration.
The second equation relates production to work - orders. By definition of the
lead time T, the production during the current period is equal to the work order
placed at the beginning of the period T -1 units past. We write this as:
( 2)

Pk= W k-T11-

Now I come to one more simple equation, which says that the ending inventory in period k is the opening inventory for period k + 1:
(3)

Ik ,, (opening) —I k (ending).

We will agree from now on to let "I" stand for opening inventories. If we
put all these equations together we get
(4)

Ik=

Ik -1

+

W k - T — Sk-1.

This already amounts to some progress. It says that the opening inventory
in any period depends on the sales in the previous period and on the work orders placed T periods ago, as well as on the opening inventory in the preceding period. Equation (4) is true of any production process, keeping in
mind the abstractions we have made.
We need to know how the work - orders depend on inventory. We, therefore,
have to write down a production rule relating work - orders to inventory and
planned production. One very general rule is this:
( 5)

W k

= Q k

+ 9 (1. — I k ) ,

which says that the work order placed at the opening of the k -th period is equal
to the planned work -order Qk for that period, plus a correction factor multiplied
into the inventory deficiency, measured against a desired inventory Io. We
regulate the correcting effect by specifying the size of the factor g. If, for
example, we put g = 0 we get no correction at all; production is at the planned
level, and the inventory is allowed to fluctuate at the mercy of sales demand.
If we put g = 1, we put the load of inventory correction entirely on the production process and depart from plan as sales demand seems to require. If we
6
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set g at an intermediate value, we distribute the fluctuation between production
and inventory.
To complete the model, we must relate the planned production Qk to the
sales as forecast. Here again, there is room for variation, but we can take a
simple rule for illustration and suppose that in each period we plan to make
just enough to cover the maximum reasonable sales, which we forecast as F.
That is,
Qk

(6)

=

Fk +Te

since the planned work -order will take effect in T units of time. (This simple
rule does not provide for seasonal buildup of inventory and has other defects,
but there is no need to complicate the illustration by insisting on too much
realism.) Now, if we put all these equations together, we come up with the
working model of the production process:
(7)

Ik =

Ik -i

+ F k — Sk _,

+

g (1. — I k _ T ) •

I should like to call attention to some features of this equation. It tells us
that the inventory at any time depends on the forecast sales, the preceding
actual sales, and an inventory adjustment relating to some time in the past. By
a little algebraic juggling, we can throw the whole behavior of inventory over
onto the errors in sales forecasting and see how our inventories will behave
for different degrees of accuracy and for different correction rules. Furthermore,
the model tells us explicitly, and in numbers that can be calculated, what this
behavior is. The model will tell us, not only about the behavior of inventory
but will also predict the variations to be expected in production level and the
frequency of stock -outs. In other words, even so supple a model as this has a
great deal to say about the important factors in production and distribution.
Further work with it, however, demands some extensive and rather messy
algebra. I hope you will not be disappointed if I let the matter rest here.
Operations Research and the Accountant
The example I have just given will indicate, I believe, that the operations
research man's aims and his methods of organizing his description of a business, are rather different from the accountant's. Nevertheless, there is a large
area in which their interests coincide and in which they can profitably work
together. If accountants and operations research people are to collaborate,
some basic understandings are needed on both sides. The latter must continually remember the need to translate concepts and results into plain English
if they are to be understood at all. The former, on the other hand, must be
J U L Y , 1958
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willing to accept the fact that the mathematics and the jargon that goes with
it are necessary to operations research, and that we are not wilfully setting up
mysteries. Operations research people must learn to understand and appreciate
the practical problems and, in general, I believe we do arrive at an appreciation reasonably quickly. Accountants must accept the fact that accounting concepts represent only one way of looking at the total situation and must be
flexible enough to adapt their ideas to a different frame of reference when this
turns out to be necessary. Given good will and patience and an earnest effort
at mutual understanding, much can be achieved.
Some Technical Problems
The definition of costs is a challenging problem on which a collaborative
effort could pay off handsomely. In almost all problems concerned with inventory control, production scheduling, warehouse location, volume allocation, or
related areas, we run squarely into the need for a definition of costs which bears
a proper relationship to the operation.
Accounting costs are derived in accordance with principles developed over
many years and strongly influenced by tradition. The specific methods and the
degree of accounting skill and refinement will vary from one business to
another but, in all, the basic objective of accounting procedure is to provide a
fair, consistent, and conservative valuation of assets and a picture of the flow
of values in the business. Modern accounting is also affected by legal and tax
considerations, and by the desire to maintain conservative values in the face
of price level changes. The driving forces which determine the kind of abstraction de v e lo p e d by a cco u nta nts a re, th er efor e, the ne e d s fo r consistency, con-

servatism, and professional acceptability.
In recent years, accountants have tended to emphasize the use of cost figures
for control purposes, that is, as a basis for operating decisions and as indicators of operating efficiency. There has not been equal emphasis on the need
for flexible definitions of costs to suit the varied needs of decision - making and
control. Definitions arrived at for specific purposes, and wholly valid for those
purposes, may be downright misleading when applied outside their proper frame
of reference.
For example, consider the case of a manager of a packaging plant who was
recently prevented from introducing an efficient production plan because of a
misapplied costing procedure. The facts are these. His product shipments were
highly seasonal; raw materials were bought in a batch at the end of the peak
period; containers were brought in on a uniform basis. The manager proposed
8
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to operate his labor force on a uniform schedule throughout the year, on the
grounds that he would be putting material that he already owned into containers
he was forced to accept. The only added investment would be a small amount
of payroll anticipation during the slack season, this investment would earn a
substantial return in reduced labor and training costs.
But, when a container was filled, it was charged with overhead. The fixed
costs and administrative overhead were high, so that finished inventory was
carried on the books at twice the combined cost of equivalent materials and
containers. The accounting records showed that uniform operation would cause
a substantial increase in inventory investment, and the plan was turned down
on this account. The point, of course, is not that the accounting was bad —
because it was not —but that a cost derived for one purpose was accepted
uncritically for another.
"Absorption of overhead" is another dangerous concept. Over - absorption has
come to connote good operation and under- absorption bad, for reasons independent of short -term management control. These reasons, however, are sometimes forgotten and the concept is misapplied as a basis for cost control actions.
For example, production may be switched from an efficient plant to a less efficient plant to absorb overhead in the latter, independently of other reasons and
to the detriment of profit.
Not all companies have problems of this sort, but we have all seen enough
examples to convince us that misleading or incomplete cost definitions can have
a bad influence on operating decisions. If hasty and ill- conceived actions are to
be avoided, it is essential that management control data —as opposed to accounting data —be based on operational costs which are complete and which are
defined so as to be consistent with the real effects of management action which
the data may stimulate. The definition of costs and the development of proper
models go hand in hand. I suggest that accounting and operations research
together have a serious and sizeable joint task in this respect. I believe there is
every prospect for successful collaboration.

Other Problems of Interest
I shall conclude with a brief mention of some specific types of work in
which we can assist the accountant.
First, there are some bread and butter jobs dealing with the applications of
statistical theory to accounting. A recent book by Robert Trueblood and Richard
Cyert, Sampling Techniques in Accounting, Prentice -Hall, discusses case histories
J U L Y , 19 58
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in this field. I recommend it as an introduction to the possibilities provided by
statistical theory for design of low -cost efficient systems for audit and verification.
Second, there is room for collaboration in the development of time and cost
standards, using a combination of accounting, industrial engineering, and
mathematics. The techniques of multiple regression analysis can be of great
assistance in costing studies, distribution of indirect and burden expense, cost
projections, and analysis of differential profitability.
Third, the whole area of electronic data processing demands the combined
skills of the accountant, the systems and procedure man, and the operations
research man. To get full benefit from an electronic system, a thorough redesign of existing methods, starting from fundamental principles, is necessary.
Much of the work is, of course, straight accounting, but not all. The redesign
should be based on a proper model of the business, should take advantage of
the latest developments in the theory of inventory control and production
scheduling, and should be flexible enough to permit research on sales, costs,
and profits to be done economically. Operations research can contribute substantially to the system design.

10
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Using Statistical Controls as An
Accounting and Management Tool
by OTTO A. KRAL
statistics or data in their
important role of cost control and cost reduction. The use of figures and
summary transactions, condensation of data, and analysis of costs has been their
life - blood. The statistical techniques which will be presented here are, therefore, just a few of some newer developments which, when used properly, would
assist the accountant in making himself more effective as a part of management's
team. The techniques to be discussed are primarily those which handle variability. They tend to give more meaning to decisions in view of existing variations
and, in most cases, have inherent some statement of the risks of wrong decisions,
i.e., some statement of probability.
RADIT IONALLY, ACCOU N T AN T S HAVE ALWAYS USED

Two Categories of Statistical Techniques
The primary purpose of this discussion is to point out some of the techniques
and their applications in the areas where potential contacts for accountants do
exist. These areas, in my opinion, divide themselves into two categories. In one
area, the statistical techniques could be used by the accountants directly or in
cooperation with a statistician toward accomplishing the direct aims of individual
problems. In these areas, the accountants would use tools such as sampling for
estimates, acceptance sampling and tests of significance. These terms are explained below. In the other area, the accountant does not necessarily employ
statistical tools directly but, rather, is serving more as the source of cost information for management and the statistician in attaining solutions to problems
of broader scope. To illustrate the role of the accountant in this area I have
chosen, as an example, some of the work we have done in scientific inventory
control.
An attempt at total coverage of the field of statistical techniques would, of
course, be impossible and undesirable for this presentation. I have, therefore,
OTTO A. KRAL is Head of the Applied Mathematics and Statistics Department, Minnesota
Minim; and Manufacturing Company, Minneapolis, Minnesota. He joined 3M in 1950
and was Research Chemist in the Roofing Granule laboratory and the Inorganic Section
of Central Research before joining his present group in 1954. Mr. Kral, a gradu ate of
the University of Nebraska, also studied industrial statistics and advanced mathematics at
the Extension Division of the University of Minnesota.
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chosen only a few of the more common techniques in order to stimulate an
appetite for their use and to make the accountant more aware of the increasing
role that he must play as a member of the total team. In the following discussion of the statistical techniques, I have tried to dwell more on the aspects of
when and where they might be applied and what they accomplish, rather than
the technical or mathematical aspects of the techniques themselves.
Techniques Usable by the Accountant Directly

is

We will consider first some of the tools that an accountant might use directly,
identified above as sampling for estimates, acceptance sampling, and tests of significance.
Sampling for estimates, as the term implies, means that a portion of a defined
group of items or individuals is examined and an estimate of some characteristic of the total group or population, as it is called, is obtained from that portion or sample. These estimates are of three general types. These are (1) point
estimates, such as the average number of hours to process an invoice through a
billing department, ( 2 ) aggregate estimates, such as the total value of accounts
receivable, and (3) proportion estimates, such as the per cent of items in a card
file that are in error with the physical inventory. In sampling for estimates of
these types, one cannot expect to get the same estimate each time he samples a
given population and, therefore, he must specify the possible distance from his
sample estimate that the true population characteristic might lie. This range about
the sample estimate is called the confidence interval. It is dependent on the size
of the sample taken and the risk or probability of an incorrect inference about
the population. For example, if one estimating the mean or average value of
checks coming in from customers, he should express the result as 100 dollars,
plus or minus 10 dollars, at a 95 per cent probability level. This statement
would then mean that the true average value of the checks lies between 90 and
110 dollars and, on repeated sampling, 95 per cent of these statements would be
correct.
Acceptance sampling has the inherent principles of point estimation sampling
but, in addition, it has built -in decision functions. Generally, in acceptance
sampling, a decision is made after each sample as to the disposition of the population or total group, or as to the action to be taken. Two types of errors can be
made. Type I error is that of saying the population is bad when in reality it is
good and Type II error is that of saying the population is good when in reality
it is bad. By specifying what we wish to call good and what we wish to call
bad and by stating the risks we wish to take in making both types of errors, we
12
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are in a position to specify several types of sampling plans to meet these criteria.
Among these types are single, double, multiple, sequential and continuous
sampling plans. Which sampling plan is finally chosen is dependent on factors
such as the difficulty of random sampling, the economies of testing, the calibre
of personnel performing the sampling, the training of the people to understand the more complex plans, etc. In general, one can say that the smaller the
risks of making errors and the smaller the differences to discriminate (good vs.
bad), the larger will be the sample size.
Tests of significance, as the name implies, are tests which are performed on
groups of values to find out whether or not significant differences exist in view
of the variability within the groups. Three common tests are called the "t ", "F"
and X2 (chi squared) tests. Each of these are used for testing for significant differences of different types of measurements on the groups. The "t" test is used
when the test is for differences of two means or average values. For example,
one may have two groups of numbers, such as A and B below, and he would
want to know whether or not their average values, 16.16 and 13.36, are different
in view of the variability and overlap of some of the values in each of the
groups. By performing this test, one can then say either that the values are different or that there is insufficient evidence to say that they are different and have
the given probability of making a correct statement:
A: 12, 15, 19, 14, 15, 18, 17, 13, 16, 15, 14.
B: 1 5 , 1 1 , 1 3 , 1 2 , 1 6 , 1 5 , 1 4 , 1 3 , 1 1 , 1 2 , 1 3 •
Ave. of B =
Ave. of A — 15.27

13.18

The "F" test would be used, for example, to test whether or not the variation
exhibited in each of the two groups of numbers above is different. The variation
is measured by a standard deviation which is a root- mean - square deviation about
the average. In this test, the ratio of the squared values of the standard deviations is compared to tabulated values dependent on the number of individual
values in each group. In the accounting field, one might be interested to know
whether or not the month -to -month variation of operating costs is different for
two lines of product.
The use of the X2 (chi squared) test is generally applicable when comparisons
of sample groupings and theoretical groupings are to be made. For example,
one might want to know whether or not all of several clerks doing similar work
are performing equally well in terms of error rates. To accomplish this, one
would sample the work of each and, postulating that they are all performing
equally, he would perform the test on the sample results to determine significant deviations from the assumption at a chosen probability level.
J U L Y , 19 58
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The above mentioned statistical tools are ones, I am sure, that many accountants could have employed at one time or another had they been available to
them. I feel that they are of such importance and of use in such frequency that
it would be well for every accountant to be thoroughly familiar with their capabilities and limitations.

Techniques the Accountant Can Help Management Use
In the second category, that is, statistical techniques used by management but
requiring assistance from accountants, we are primarily interested in operational
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costs. Rather than expounding various techniques which can fall into this category, I have chosen, as mentioned above, a case history from our company
which I hope will illustrate the type of accounting that is needed to serve management, in cooperation with the statistician, in setting up systems of operations
within the firm. For this example, I wish to explain a small portion of the work
we have done in scientific inventory control. Specifically we have set up in our
branch warehouses what we call the EOQ (economic ordering quantity) system.
Under this system, each item is considered on its own merits and a given quantity
is ordered each time the on- hand -on -order inventory reaches a given point.
Basically, inventories serve two distinct functions and eadi function must
have its defined inventory stock in order to meet its specifications. The two
functions are ( 1 ) minimization of total costs, considering inventory holding
and inventory procurement costs, and (2) protection against excessively frequent depletions in view of variable demand and procurement. Perhaps each of
these functions of inventory need some explaining. Exhibit 1 shows the relationship of costs and quantity ordered. For a given total annual usage, the inventory carrying costs increase as the quantity ordered increases, but, at the
same time, the ordering costs decrease. Adding these two curves together gives
the total cost curve and the minimal point on this curve is the one sought.
Mathematically the relationship is set up as a total cost equation for a period of
one year:
T C = 12MS + Q
Q
2

IC

where TC = Total annual cost, dollars
M = Average monthly demand, units
Q — Quantity obtained for each order, units
S — Paperwork cost in ordering and receiving, dollars
I = Annual inventory carrying cost
expressed as a fraction of unit cost
C — Unit cost or value, dollars
This total cost equation is then differentiated with respect to Q, the derivative
set equal to zero, and the equation solved for Q. This gives the minimum total
cost quantity to be ordered (economic ordering quantity).
EOQ —

I2 ICS

V

IC

This relatively simple relationship, which accomplishes the first inventory
function, points out two distinct areas for operational costs that must be known
J U L Y , 19 58

15

will

or estimated before results can be accomplished. What is the paperwork cost of
ordering and receiving a quantity of goods? To get an accurate answer, one
must know the operations involved in the activity and the cost of each of these
operations. Present day accounting methods do not seem to permit this to be
done readily.
In this area of ordering and receiving costs, we are concerned with those
costs in both the branches and factory warehouses, which vary directly with the
number of orders placed. The costs that are a function of the total amount
ordered and those functions which are essentially independent of either the
amount ordered or the number of orders are to be excluded from these cost
determinations. We do want to include, however, the time spent by inventory
control supervisors in actually reviewing orders placed, clerical help in writing
orders, and the time required to keep records of these orders and receipts wherever they may occur. Order processing costs would probably occur in such departments as branch ordering and receiving, factory ordering and shipping,
service, tabulating, payroll, internal auditing, files, etc. Materials such as order
forms, carbon paper, file folders, cards, stamps, etc. applicable to the processing
of an order, though small individually, could add up to a significant portion of
the total procurement cost. It may not be worthwhile to try to dig these costs
out of the present accounting records, nor is it necessary in view of the relationship shown in Exhibit 1, but the more accurate one is, the closer to the true
minimal point of operation one can get. An error of about 50 per cent in EOQ
results in a 6 per cent error in the total cost. This may be extremely important.
The inventory carrying costs include such things as the possible interest on
money invested in the inventory, taxes, insurance, deterioration, obsolescence
vary directly with
and the cost of storage space. These are elements which
the amount of inventory on hand. Knowledge of these costs is required. In our
finished products, we are estimating this figure to run from 8 per cent to 18
per cent, depending on the value of material that can be stored per square foot
of space. Normally, however, these costs are not known to those responsible for
inventories.
The second function of inventory, that of protection against frequent stock outs, is based on the demand variability, the variability in procurement time,
and the protection desired. For our branch stocking program, we are using as
a measure of variability of demand a reasonable maximum month's sales within
the past 20 months. This is used to determine a reorder point which tells when
to order. This reorder point is actually composed of two segments. These are
(1) the expected sales over the average procurement time (the time required
from the reaching of the reorder point to the receipt of goods ready for re16
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shipment to customers) and (2) the safety stock. The following equation gives
the actual formula used:
R. P. = DM
30
where R. P. =
D =
S.D. =

+

a DM
30

I

8.626
D

reorder point
M—
average procurement time a —
sales deviation

(S.D.) 2

-1- ( -D) 2
DL

average monthly demand
protection factor

reasonable maximum month's demand — Average monthly demand
Average monthly demand
°D

=

standard deviation of the distribution of procurement times.

The first term of the equation defines the expected demand over the average
procurement time and the second defines the safety stock considering both the
variability in demand and the variability in procurement times.
The area here, wherein management and the accountant must assist the
statistician, is in determining the value of a, the desired level of protection. If
the cost of a stockout can be specified, the correct protection or safety stock inventory can be calculated. This correct inventory would be that which minimizes
the total costs, considering the costs of stockouts and the costs of carrying inventory against stockouts. As yet we have been unable to get any estimate of
what this cost might be. Here indeed lies a challenge to the ingenuity of the
people responsible for supplying management with cost figures.
At the present time we are using in our branch stocking program a factor
which gives us a probability of stockout frequency per item of once in five
years. This probably is not correct but, until we are able to define the cost of
a stockout, we will be in the dark with respect to this portion of defining the
"right" inventory for our company. In spite of the fact that the costs we are
using are at best good guesses, we estimate that this approach will allow us to
cut the paperwork of branches ordering stocks from the plant warehouse by
some forty to fifty per cent. At the same time, branch inventories will reduce
overall by about fifteen per cent and the number of customer backorders will
decrease.
Stiff Other Techniques of Potential Usefulness
There are many other statistical techniques used with which accountants
should be familiar. For example, statistically designed experiments and regresJ U L Y , 19 58
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sion analysis which improve the efficiency of people in research and development
should be evaluated for their effects in terms of costs. Here one would need to
know research costs in terms of information gained, costs of analysis using
computer techniques, and costs of delays in introducing new products or improving the quality of old ones.
There is indeed much that the present day accountant can do to become a
more effective part of management in cooperation with the statistician.
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Learning Curve Techniques for
Direct Labor Management
by ROLFE WYER

control of direct labor hours has been accomplished
Fin most industries the
through the use of standard time data. The methods emOR MANY YEARS,

con-

ployed are varied but most standard labor control systems have one common
feature i.e., that the hours allowed for a given increment of labor remain
stant for some period of time. Thus, when it becomes obvious that a particular
unit standard is obsolete (whatever the cause), it is necessary to restudy the
operation and "set a new standard."
Even a casual review of the principles underlying labor incentives and other
familiar applications of standards show that there are certain underlying premises which will not always stand the test of critical evaluation. For our purpose
here, the most important of these premises is that each time an operation is
performed, it should require the same unit time, except as altered by operator
effort. It is easy to understand that such a premise is valid in high volume,
repetitive operations. Monotony alone would work against any improvement
or learning in operations performed several thousand times each day. The trend
of modern industry is, however, away from such routine labor functions (which
are being replaced by machines) to very complex and lengthy operations, usually involving a higher degree of technical skill and performed on a limited
quantity of production.
This is particularly true in the so- called defense industries, where the end
product is intricate and engineered for many purposes other than low cost. In
this area and in many others, it can be demonstrated by both theory and actual
test that each time an operation is performed it will require less time than
before, under normal circumstances. Since it would be impracticable to set a
new labor standard for each unit built by customary techniques, it is clear that
some type of progressive and systematic standard must be developed which will

ROLFE WYER, Los Angeles Chapter, (San Diego, 1950), is Vice President and Treasurer,
Airtek Dynamics, Inc., Los Angeles, California. Before joining Airtek, he was Plant Comptroller at Solar Aircraft Company, San Diego, California. He previously was Cost Accountant at Van Camp Seafood Co., Terminal Island, California, and also held the same posi.
tion with Cluett, Peabody & Co., Troy, New York. Mr. Wyet is Past President of San
Diego Chapter.
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automatically yield a new, lower value, each time that a new unit is produced.
The learning curve fits this definition and is, to my knowledge, the only example of a flexible and dynamic labor standard in use by a major segment of American industry today. Thus, the learning curve is used because it is a practical
technique which is superior to constant engineered time values for control purposes. Not only is it superior because of the lower cost of developing and applying the standard values, but also because it provides a reducing daily target
which is in harmony with manufacturing realities and is a continuous spur to
lower cost.
For m and Con str uc tio n of th e Lea rn in g Cur ve
Having covered some of the basic premises underlying the learning curve,
let us now proceed to an examination of what the curve is and how it works.
Exhibit 1 is a graph which shows a plot of learning experience for an individual
operator performing a simple repetitive operation for a limited time period.
The number of pieces produced is plotted on the X axis and the time per unit
on the Y axis. Normal graph paper has been used on which all lines are equidistant.
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EXHIBIT 1

Next, let us look at Exhibit 2 of the same general form, which compares the
learning curves found in aircraft and refrigerator manufacture. It will be noted
that the curve for refrigerators is not unlike the first one shown, since this is
20
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These curyes are the bep
ginning of the entire learning curve
system. Fortunately, they can be reduced to straight lines on double log
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graph paper, since it would be very
impracticable to use such curves in
every -day operations if they could not
be easily read and charted. Many people have criticized this use of double
log paper as an unnecessary complica
_
tion but, as can easily be seen from
this exhibit, it is quite the opposite.
From now on all of our exhibits will
W.. '(
be on this paper, with the curves
EXHIBIT 2
shown as straight lines.
With the form of the curve established, we can now state the proposition
which is the basis of most practical applications of the curve today. The proposition reads: "Each time the quantity of production is doubled, the cumulative
average unit hours will be some constant percentage of the average unit hours
of the quantity that was doubled." This percentage must be more than 60 per
cent and is usually in the range of eighty to eighty -five per cent. While the
proposition stated may be confusing, it can be very simply presented
the following tabulation of an 80 per cent curve, in which the initial quantity of production is one and the hours required for this first unit one hundred.
1

e

,

- A TN E )

in

a

„

.

C

HOURS
Quantity of Production
Cumulative
Per Lot

Per Lot
Total Per Unit

1

1

100

1
2
4

2
4

60
96
152.6
245.76

8

8
16

100
60
48
38.15
30.72

Cumulative
Total
Per Unit
100
160
256
409.6
655.36

100
80
64
51.2
40.96

There are several important points to note about the tabulation. The cumulative hours per unit do reduce in an exact eighty per cent progression. The hours
per lot do not show an eighty per cent progression on the first two lots (i.e., 100
to 60) but do follow the eighty per cent pattern (with minor fluctuations)
thereafter (i.e., 48 is 80 per cent of 60). Thus, from these observations, the
JULY, 1938
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general form of both the cumulative and unit curve can be deduced, namely,
that they are parallel lines for all practical purposes after the first two or three
units. This is very important for our discussion because, later on, we will have
the opportunity to see how the curve is used in day -to -day operations. Most of
these charts will be in terms of unit hours, since cumulative hours cannot be
intelligently discussed with operating personnel who are concerned with today's
problems. Also note from the tabulation that the total cumulative hours increases by a percentage each time the quantity of production is doubled. Exhibit
3 below shows these lines as they would appear if plotted on double log paper.

Average Cumulative
Hours Per U ni t
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EXHIBIT 3

In presenting this basic concept, I have avoided any reference to the mathematical formulas involved because I do not believe that our discussion will
be helped particularly by a lengthy explanation of equations which have already
been proven. Let us, instead, list the information which we have compiled on
the curve, without reference to mathematics.
1.
2.
3.
4.

5.

The slope of a cumulative line for any percentage of curve can
be determined by a calculation similar to the one presented earlier.
Conversely, a given set of data can be plotted on log -log paper
and the percentage of the curve resulting calculated.
With a given cumulative line, a unit line can be determined
without reference to any special conversion tables.
With a plot made, total projected hours can be calculated, either
by multiplication of cumulative hours by total quanity, or b y a
constant percentage.
job status in relation to any or all of these lines, which has been
set as a budget, can be quickly determined by everyday charting
techniques.

From listing these points, we can conclude that it is not necessary to understand the mathematics of the curve in order to work with it. If you ar e t he
lazy type, I would suggest that you obtain one of the learning curve chart
22
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guides which are available. With this aid, you can determine the slope of any
curve, draw a slope of your choice, or draw any cumulative line from a unit
line, or vice - versa.
One word of caution before leaving our discussion of the form of the curve.
With a given set of data, cumulative lines can be easily calculated and drawn.
However, as indicated earlier, most practical work with the curve is in terms
of unit lines. Now, referring back to our original tabulation of data and bearing in mind that the unit line represents the hours per unit for each individual
unit, a problem of how to plot this data arises. We can obtain hours for each
individual unit or else we must plot these points for lots of more than one at
the linear mid -point (since we are working on double log paper) between the
cumulative quantity and the quantity doubled.
Actually the unit line is asymptotic to the cumulative line. This means it
is not accurately parallel to the cumulative line but is drawing away from it
at a declining rate which, after the first few units, is insignificant. However,
to overcome this problem, along with getting an accurate plot on the first few
units, many companies have turned the formula around so that the unit line
is straight and the cumulative line is asymptotic to it, as in Exhibit 4.

-
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a

HOURS PER UN IT
-

°

M

H0UR5
PER UN IT

QUANTITY PRODUCED
EXHIBIT 4

The principles involved are the same and you have no more difficulty working with this form of the curve than the other.

Curves for Estimating and Control
Our subject is the use of the curve to control direct labor. It should already
be very obvious that this is not the only possible use. Even if we start our direct
labor control with the job estimate, many interesting phases of curve applicaJ U L Y , 19 58
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tion —such as price renegotiation and redetermination, contract termination,
inventory valuation and job costing —must necessarily go uncovered or receive
too little attention. Also, space prohibits exploring the accumulation of data
for learning curve plotting, which is a field in itself. Here are the main points in
direct labor control in which the curve is used:
1. Original estimate.
2. Scheduling (including machine and tool loading).
3. Manpower procurement and loading.
4. Labor efficiency.
5. Methods and tool improvements.
For any or all of these phases, the curve is broken down into many segments.
This means that, for a particular project, there are many curves (sometimes in
the thousands) which can be combined or used separately according to the
need. Starting with the original estimate will show how this works. Imagine,
if you will, that you are faced with estimating a new airplane. Unfortunately,
this airplane is in the preliminary design stages so that there is no bill of
material, detailed drawings, or other customary comforts to the estimator.
This is not an imaginary situation or one that will be rescued by cost plus.
Commercial jet airlines were sold with little more, a few years ago. Now it
is your job to calculate what these airplanes will cost and, most important, the
breakeven point for the project. With reference to past projects of this type,
if any, the airplane is broken down into its various components or systems
and overall curves established with reference to such factors as weight, complexity, and function according to experience. Broad as these curves may be,
they are the beginning of the labor budget.
Before leaving the estimating subject, let me outline one fundamental point
of controversy. Estimates, and hence curves, can be set by reference to some
point well along in the production cycle (i.e., 100th airplane) or they can
be set by estimating the hours for the first unit. Often it is easier to discern
the shape of the "devil" you know than to picture him two or three years
ahead. Hence, many estimators believe they can more accurately judge hours
for Unit 1 than to predict the hours required for the airframe once in production. Hence, they will set the initial figures and extend the curve from
there. This is probably more practical when a small quantity is being purchased,
since a small error at Unit 100 is greatly magnified at Unit 1. Conversely, if
a large quantity is being purchased, the reverse is true.
Once the initial estimate has been made and the job is in the house, then
the overall curves must be broken down into great detail. These breakdowns
are both by type of work (i.e., machining, welding and assembly etc.) and
24
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by components or sub - assemblies. Not all of these detail curves have the same
slope. Let us look at some of the many uses to which these curves are put.

will

1. Total hours for the project are broken down between in -plant and
sub - contract. The purchasing department is given a budget for subcontract labor, which is tied to the curve. In turn, individual
vendors are selected after their bids have been related to the
budget.
2. Total in -plant labor requirements are scheduled by months and
related to other labor needs. The personnel department is given
a recruiting plan based on the curve, according to the skills
needed. Incidentally, this was the very problem which first sparked
the government's interest during World War II.
3. Tooling plans are coordinated with the curves so that bottlenecks
not occur. In short, elapsed time in a particular jig or fixture
must be related to man -hours required.
4. Quantity schedules are tied to manpower, tools, etc., so that
customer requirements will be met.
5. Budgeted hours are translated into daily or weekly targets on
the floor, so that foremen or group leaders know both the unit
and elapsed times which they are expected to meet and so that
the manning for each work station can be set.
6. Job progress against these targets is reviewed in detail on a
regular basis so trouble spots are pinpointed.
7. Overall job progress is compared to the total budget and methods
effort applied to projects which are lagging.
Conclusion
Now this is only a thumbnail sketch of how learning curves are used to
manage direct labor. Before closing, I would like to call attention to one phase
of learning curves which, while not within our subject, has received far too
little attention from accountants and should be discussed here. If the estimate
for an airplane or any other similar complex product is really a curve, then
how should this product be costed? If the so- called actual cost is applied as
the product is shipped, then large losses occur early in the project. Yet these
"losses" may be exactly as planned or even less than planned. Conversely, is
the inventory really properly valued if these losses are written off? Conservatively, "Yes," but put yourself in the place of an owner selling such a business
on the basis of book value, to get the proper perspective. First, look at Exhibit
5 which shows the problem graphically. The area between the cost line and the
sales line is loss until about Unit 25. After this point, profits are realized.
Next look at a tabulation (Exhibit 6) which previously appeared in the
J U L Y , 19 58
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EXHIBIT :

MONTHLY GROSS PROFITS OVER PERIOD OF
CON TRACT - L EAR NIN G C URV E V S. ACTUA L COS T METHODS

Month

1
2
3
4
5
6
7
1
9
10

Monthly

24,875
74,625
149,250
248,750
248,750
248,750
248,750
248,750
248,750
248,750

To date

Monthly

99,500
248,750
497,500
746,250
995,000
1,243,750
1,492,500
1,741,250
1,990,000

2,000)
3,375)
4,500
23,750
18,750
53,760
30,000
40,000
27,500
27,500

To date

(5,375)
(875)
22,875
41,625
95,375
125,375
165,375
192,875
220,375

Monthly

To date

(41,374
(49,125
129,250
5,000
17,600
67,500
55,000
65,000
67,500
62,625

(90,500
1114,750
119,750
29,7501
97,250
25,250
90,250
157,750
220,375

CUMULATIVE DIF
FERENCE
Learnlnq curve
over actual

39,375
85,125
118,875
137,625
138,875
125,125
100,125
75,125
35,125
-

GROSS PROFIT
LEARNING CURVE
ACTUAL COST
METHOD
METHOD

TOTAL SALES

EXHIBIT 6
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Bulletin, which shows how this works. Now if there were many jobs in work,

it might average out but this is rarely the case with the types of products we
are discussing. Something needs to be done. There are not many accountants
willing to leave these losses in inventory.
Briefly, we covered the fundamentals behind the curve and how it works.
Then we touched on its application to the management of direct labor. I
would like to leave this one thought. The learning curve is not just a poor
substitute for labor standards. While in many ways less accurate, it fills a
definite need and, all too rare in our accounting world, it builds improvement
and progress into our figures rather than blind and rigid adherence to the past.

JULY, 1958
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New 'Techniques for
Judging Proposed Capital Expenditures
by HORACE G. HILL, Jr.

of all employment of capital
D funds do not present an array of new discoveries
comparable to the products
EVELOPMENTS IN THE CRITICAL ANALYSIS

of our research activities in any field of technology. We find instead a shift in
emphasis, or an adaptation of some age -old practice, or a more practical definition
of the category under scrutiny, or a recognition that one formula may not satisfy
various purposes, or any of a dozen other changes in focus which are generally
branded as heresies but which are genuine progress if they provide tools for improving the company's financial stability and economic strength. As the field of
controlling the outlay of capital funds is still being tested and explored, this
presentation can not offer a system which has won general acceptance, either in
the whole or in any integral part. However, the current trends may be pointed
out and these may be helpful.
The first innovation which should be mentioned is that top management is
awaking to its responsibilities for how the money entrusted to it by many types
of investors is being dispensed. In the past there was a very apparent lack of
interest in any appropriation which would increase the assets on the annual balance sheet and leave no significant mark on the income statement. The stewardship obligations to the actual owners were lacking all too often and a feeling
of proprietorship had been gradually developed by management, which was not
in accord with the basic principles of corporation ownership. For instance, management would consider that it had an inalienable right to spend current cash
funds in an amount equal to the book charges for all types of amortization, as
it saw fit, that it could also employ undistributed profits with about the same
degree of freedom so long as it maintained a reasonable dividend, and that it
could dispense funds acquired by new financing with considerable latitude after
giving some reasons for the need of such additional help. The measuring stick

HORACE G. HILL, JR., is presently Advisor to Management. Before establishing his own
practice, he was associated for 35 years with Atlantic Refining Company. His last position
there was that of Budget Director. His other duties with Atlantic Refining Company
before he was named to that position included Manager -Property Accounting (19231928), and Manager - Industrial Relations (1919 - 1923). Before joining Atlantic Mr. Hill
was affiliated with National Aniline (Allied Chemicals), and J. T. Lewis (National Lead).
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would be past performance or comparison with some other selected companies
in the same industry, and it was always easy to find a reason for complacency
with the progress resulting from the use of the capital funds. It was not an
uncommon experience in the recent past to hear a financial executive give private
expression to the view that he was not worrying about some rather dubious venture because it would be absorbed in the aggregate of all operations and he
would be on retirement before anyone ever thought about discovering whether
it had been a wise investment.
This attitude of apparent or real carelessness in the use of investors' money
has made excellent grist for the mill of all enemies of the capitalistic system,
which is one of the major products of our free enterprise economy. Management is now beginning to see that it can not be too careful in dispensing capital
funds. The financial executive who assures himself that every dollar is being
employed for the best interest of the investors will be on the way to help himself, his company, our capitalistic system and our country. The awakening to
this sort of thinking provides the background for the New Look in 1958.
Cost of Capital
Financial management is changing its view of the cost of money for investment in an industrial enterprise. A few years ago, it was quite customary to
find the chief financial officers thoroughly convinced that capital funds were
available to them at whatever rate they had been able to negotiate with their
banking connections for meeting immediate needs. There are so many elements
of truth in this simple answer to the problem that its abandonment came only
atter much thought or hard experience, and it is still held by many levels of
management where financial affairs are not the main interest. That part of
management which is responsible for the solidity and integrity of the company's
foancial position is well aware of the fact that there are many sources of funds
and each of them has its cost, but the cheaper they are the more limited are they
in availability. For instance, by permitting accounts payable to accumulate. it
may be possible to provide some immediate funds at no interest cost, but only a
dire emergency would justify this course which could offer merely temporary
relief.
The use of bank credit plays an important part in many companies, particularly those which have wide seasonal fluctuations, and it provides cheap money
for short terms in limited amounts. The wider debt market is open for longterm borrowing where the interest rate is generally higher but still in the category of risk -free capital for which the company will be willing to obligate
J U L Y , 19 58
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itself in some predetermined proportion of its total. Long -term leases are an
alternative to funded debt except that the assets and liabilities do not appear on
the company's balance sheet and the cost is apt to be higher than if the debt
market had been used. The sale of preferred stock was frequently selected as
the best source of funds in earlier periods because it did not impose the rigid
obligations of a funded debt even though paying a higher rate, and its popularity
may return. The common stock or the equity market is always the principal
source of funds, even without the issuance of new shares, because it supplies
cash equal to the total book write -off and the retained portion of earnings each
year.
Some companies have gone to the other extreme in shifting their sights on
cost of capital and now feel that the proper cost for the use of management
should be the cost of the common stock or the average earnings per share
divided by the average market price. However, the trend appears to be along
the lines of determining the capital structure on which the company should
operate, attaching the market price tag to each component, and obtaining the
weighted average cost of all sources of capital. There is no agreement as to
how to achieve absolute accuracy in determining cost of capital but most companies are quite content to learn that their particular cost is approximately 8
per cent or 10 per cent or 15 per cent, depending on the company.
Composition of Capital Expenditures

a

Capital expenditures is a term which has been used for years to denote nothing but plant expenditures. This has been quite satisfactory for annual reports
to the public or for supplying statistical data on uniform basis, and it has
become so widely accepted that there is little hope of altering it. Management
has made heroic efforts to accommodate itself to the popular definition but it
has met so many cases where the stockholders' money, or capital funds, were
being invested in things other than plant that it has been developing some new
definition for internal use. There is no uniformity in the practice of those companies which have recognized that the employment of capital funds is a major
financial responsibility and that it can not be confined to accounting categories
or procedures. For instance, some companies want to scrutinize plant plus inventory, others add accounts receivable, others prefer total assets, some deduct
accounts payable, and some derive a percentage to be added to any plant proposal. Most of these methods are experiments but they all have the same purpose, which is to catch the dollar before it is invested in the business and give
the proper analysts a chance to determine whether the proposal is in the stock30
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holders' interest. The clearer appreciation of the stockholder's right to claim
these available funds and make his own investments has been a constant reminder to management that every dollar must be earning a satisfactory return.
For this reason we find a gratifying increase in the number of companies
studying every outlay of capital funds and not merely plant expenditures. For
instance, a new warehouse will probably result in a higher inventory, a new
product will also create an increase in accounts receivable, a new territory may
add the need for maintaining another bank balance, and all these incidental cash
requirements must come from money procured or withheld from the stockholder
who expects his return on every dollar, whether it is idle or in active plant or
in some other asset or even charged off immediately to expense. The operating
levels of management have less trouble than the top levels in accepting the new
look at the total outlay of capital funds involved in any proposal because they
have not been so thoroughly trained in balance sheets and published financial
statements. For practical internal use, the trend in the direction of the outlay
of capital funds is clear and it will be wise, in the subsequent sections of this
presentation, to abandon the term "capital expenditures" to the very limited
interpretation accepted by the public while discussing the total cash needs of
a proposal from the position of management.
Time Factor
As management has been drawing closer to the viewpoint of the stockholder
and recognizing that the published reports do not supply enough guidance by
which to run the business properly, it has discovered that the time factor was
being seriously neglected. The old technique was not uniform but it generally
confined itself to a profit estimate of some sort which could be compared to the
investment. In some companies the first -year profit would be the only revenue
data provided and any calculation of a rate of return would have to assiune that
the revenue would continue indefinitely. The company treasurer might raise
occasional questions as to when the money would be spent or when it would
be received but management in general paid little attention to the time factor
beyond the broad recognition that it was safer to have a project pay off quickly.
When management began to see that rate of return on a proposed outlay was
a problem of finance and not a question of accounting, it had to look at the
element of timing. Accounting must adhere to historical facts and actual transactions which exclude all interest except what is paid on the outside debt, so
that a non - depreciable asset acquired ten years ago for $1000 is carried at just
that amount and will be the same at ten years hence. But in the money market
JULY, 1959
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the dollars are at work and constantly accruing additional dollars, because money
is the commodity and not merely a measuring stick for recording other transactions in a common langauge. The stockholder and the debt market think of
money as something alive and productive, and a dollar in hand is much more
valuable than a dollar to be received ten years from now.
Management is recognizing that it can not properly invest capital funds in
proposals which do not expect to produce a rate of return at least as high as the
company's cost of capital and these two rates should be truly comparable. As a
financial problem the time factor is of prime importance and the compounding
or discounting of each transaction makes it more realistic. For instance, if it
takes two years to build or accumulate the facilities proposed, there would be a
period of idle capital which would be a detriment to the value of the project as
compared with one of equal magnitude which could have its outlay fully productive in a few days. The revenue should be forecast by years, individually for
the first five years and then by five year groups if the future is a bit hazy, and
the proposal which shows more of its money being received in the early years
will stand out as the best after discounting, other factors being equal. The economic life of the project is another point on the time table which many companies overlook or treat carelessly, but this is apt to receive better attention when
timing is applied to contemplated expenditures and receipts.
Current Market Value
The conviction that rate of return on a proposed outlay is a financial rather
than an accounting matter is leading management to shift its sights in a few
other directions when judging the merits of a proposal. One such shift is toward
the uniform use of current market value on everything which goes into the proposal with a price tag. This places everything on a cash equivalent basis and
makes such good common sense that management finds little difficulty with the
principle. The problem is most apt to arise in what is classed as the initial
outlay which frequently starts with the utilization of some old assets instead of
a current purchase. Many a good proposal to make profitable use of an unemployed facility has been discarded in the olden days when the rule was to
start with its book value. This often produced such a large initial investment
that there was no hope of recovering it by any conceivable plan.
Then some revolutionary member would dare to suggest that the old facility
was actually worth only a small fraction of its book value, that the loss had
already occurred in fact, and that the new proposal should be charged with the
amount of cash which the facility would bring into the treasury if it were sold
32

N.A.A. BULLETIN

instead of being put to another use. One company after another has been through
this process and convinced itself that current market or equivalent cash value is
the only logical way to price anything for use in justifying the employment of
capital funds. Occasionally the previously acquired facility, which may be a
piece of land, has become substantially more valuable than when it was purchased. In this case, also, the current market is the cash equivalent and a real
profit must be admitted but not attributable to the new proposal. As this line
of reasoning is accepted by management it is naturally applied to items other
than plant, such as materials in inventory and products or services supplied by
the company.
When all the data in the justification are on the current market or cash equivalent basis, management is finding that each proposal stands out as a separate entity, with no overlapping or confusion with any others. Procuring these
current market values has its difficulties if absolute accuracy is demanded, but
many companies have faced the same problem in setting their prices for interdepartmental billings and have found very satisfactory ways of approximating
an actual market. The fact that a price might be a few per cent inaccurate does
not trouble most managements because the same complaint could be made of
every segment of the basic data comprising the proposal. The trend toward
talking in terms which are equivalent to current cash, instead of book costs
which can be very misleading, is a healthy sign.
Cash Rafe of Return
In recent years management at all levels has been exposed increasingly to
the problems of financing, which supply the cash box intake. The knowledge
that funds go into the cash box with some rather fixed obligatons attached has
undoubtedly played a large part in the trend to closer application of cash box
technique to all proposed outlays. When management draws funds from the
cash box to invest in a project which promises to return cash according to a submitted schedule, it finds itself able to talk the langauge of those who provided
the funds. In this changing atmosphere, it is no wonder that management is
turning to some form of cash flow method for its guidance in appraising the
true worth of a proposal to invest capital funds in some part of the company's
business. The old payout method was tried by some companies but was recognized as a mere makeshift because it considered only the choice portion of a
project's life, it gave no weight to just when money would be paid back, and it
provided no indication of the rate of return which might be expected throughout
the borrowing life of the proposal.
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Management has made good progress in considering its ventures in employing capital funds as dean -cut financial transactions and it is beginning to look
upon the company treasury as a source of supply to which the operating divisions
may turn for funds, just as the company would turn to the bank or to the
sources of long -term money. This brings all the debatable points down to simple
cash prospects of how much money will be drawn out of the treasury at what
times and how much will be returned at what times. These data constitute the
time table of cash flow and their algebraic sum will indicate whether the proposal expects to make a profit at no interest cost. In making the further step of
translating these cash data into a rate of return, management has not followed a
fully uniform method although adhering to the principles of all financial transactions, such as the calculation of the return on a bond purchase.
The first pure cash flow rate of return to win any acceptance as a practical
means of measuring the worth of a proposal was called the investor's method
because it took the position of the treasurer acting as the investor of funds entrusted to him for employment in proposals which would pay a higher rate than
his current cost of funds. This meant that the life of the proposal started with
the first dollar drawn from the treasury and ended with the liquidation of the
finally remaining assets into cash. It also enabled the treasurer to determine the
interest rate which the project could return on its outstanding indebtedness,
using its net receipts to pay such interest while satisfying its complete debt
during the economic life. Continuous compounding was used by this method as
being more realistic for a company treasury where receipts and payments were
daily practice. The rate which the project could actually pay to its supplier of
funds was taken as the true rate of return comparable to the cost of capital or
the rate derivable from any other project.
Some company managements have adopted the cash flow method but believe
that proposals should be burdened only with interest equal to the cost of capital
instead of loading them with all that they are able to carry. By this method a
project demonstrates that it is better than the cost of capital if the net after
interest shows a profit. Various schemes are being explored to translate this
indicated profit into a rate of return but none of them stand the test of computing what would happen if the funds were actually borrowed at that rate.
However, this use of the cash flow data should prevent investments at less return
than cost of capital and this is distinctly a step forward.
Another variation used by some companies is to pay no attention to the pre operating period when capital funds may be lying idle during prolonged construction. This is the view of the operating manager who considers that his responsibility begins with a finished plant and that his proposal should not be
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burdened with any interest charges until it is ready to function. The adoption
of this philosophy produces a sharp increase in the amount of capital which is
earning nothing and it merely adds to the burden which must be carried by
the profitable proposals in the form of a higher minimum acceptable rate of
return.
A few companies have objected to the use of continuous compounding and
believe that annual or semi - annual compounding are more realistic. This is a
minor point of difference which has no significant influence on the results.
Practical operators of the cash flow method generally accept continuous compounding as being simpler to use and just as realistic.
The cash flow method, whether it be the investor's method or any of the
variants which have emanated from it, is nothing new in its basic principles.
The new factor is the adaptation of age -old practices to the problem of solving
for the rate of return on an industrial proposal when the cash outlay and cash
income are known. A bank or a finance company knows how much it is paying
out as a loan and it knows the rate of return it has agreed to take but it must
compute a schedule of receipts to fit into the two known elements. An appraisal
engineer reviews a property, such as a natural resource tract, to develop a table
of probable receipts and his client tells him the rate of return he requires, but
the engineer must compute the maximum paying price for that property to make
sure that the rate of return will be realized. The investor's method is merely
taking the third position on the triangle.
Non -Profit Outlays
As management has begun to scrutinize its outlays of capital funds more
closely, it has generally been startled at the high proportion of proposals which
claim no increased profit but which have to be approved if the company is to be
preserved. These are most prominent in manufacturing where the activity involves a large plant and a concentration of personnel but they appear in every
annual program for spending capital funds in any company. They constitute a
form of capital overhead and management is realizing that they provide one of
the reasons why the appropriation of funds to promising proposals is not fully
reflected in the improved results in later years. Of course the stockholder makes
no distinction and he expects to receive his return on all the funds invested.
Management is beginning to see that the company is heading for trouble if all
the profitable proposals win approval by promising a return merely equal to
the cost of capital. At least some of the major projects should be sufficiently
rich in profit expectancy to lift the whole program, including the zero -rate proposals, to an average rate of return above the acceptable minimum.
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Management has developed no easy or generally satisfactory method of handling the problem of non -profit projects although they average about 25 per
cent of the total outlay in some companies. One attempt has been to determine
the historic proportion for a specific company and then add that proportion to
each proposed outlay. This method is cumbersome and is so unanimously resisted by the sponsors of the proposals that it has small hope of survival. Some
companies have tried increasing the minimum acceptable rate so that approval
will be given to only those projects which are rich enough to carry their share
of the dead - heads. This is less controversial except in the case of sponsors who
have studied finance for themselves and they will properly argue that the company should proceed with any project which will return more than cost of capital. Other companies prefer to handle the matter while considering their annual
program, making certain that the adopted budget includes a satisfactory mix of
high rate proposals to offset the essential non -profit outlays. This is good if the
budget is taken seriously in its compilation and in the adherence which is given
to it.
If all profit projects are judged on a basis of an operating cost which includes
all overheads, it can be assumed that they will provide sufficient cash to retire
their proper share of the non -profit projects but only at a zero rate. If the full
overhead burden is not used on the profit projects, the non -profit ones will have
to appear as negative rate projects, having year by year expenses but no revenue.
Performance
When management relies upon estimates of outlay and income to guide its
decision it wants to know how reliable the estimates really are. All sorts of safeguards are employed to make the basic data, by which the proposal will be
judged, complete and realistic and accurate. But the data, and the rate of return
which is computed from them, continue to be estimates and a genuinely
interested management is not satisfied. It wants to know whether the estimates
will prove true in fact. It questions the wisdom of spending time in developing
a better system of control and in training all levels of management to use it in
a cooperative spirit, unless the results can be brought to light.
Checking the performance of capital outlays is undoubtedly of prime importance if reliable estimates are expected. Management knows this but the progress
in developing and applying a practical system to that end has been disappointing. Many companies lay claim to having such a system but a careful perusal
shows that they miss the purpose of performance checking by being too spotty
or too superficial or too incomparable with the estimate or unsatisfactory in
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some other direction. It is encouraging to find that top management is demand
ing an established checking procedure and this means that some company will
eventually develop a system which will serve as the model. In the meantime,
any honest form of check is better than nothing and we can all be striving to
close the gap in a complete procedure which will give management an orderly
and effective control over the use of capital funds.
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Capacity Utilization Studies for
Cost Control and Reduction
by I. WAYNE KELLER

have figured the cost per operating hour of
Personally, I have not, because it would probably take
away much of the satisfaction of owning a car. Generally we do not give very
much thought to personal automobile costs. By one means or another, we fit
the purchase of cars into our income and expenditure pattern. We get what
we want or think we can afford and then forget about initial costs until we get
the urge to trade. We know that our depreciation, insurance and license costs
per operating hour or per mile decrease as we increase the use of the car, but
we do not strive to use the car more intensively just to reduce these unit costs.
We have the car for convenience and to satisfy our ego and are not concerned
about its non - operating time.
In the factory non - operating machine time not only increases the unit cost of
production but also reduces the quantity of product which can be offered for
sale. Machine capacity which is not being utilized causes a drag on profits
which we can ill afford at any time. In periods when the cost -price squeeze is
abnormally tight it can be critical. Under any business conditions capacity utilization studies present fruitful opportunities for cost control and cost reduction.
The ratio of production to capacity is a measurement which antedates accounting. Ancient craftsmen knew about how many units they could produce in a
day or a year, and how many they were producing, even though they could not
figure percentages. Maybe their knowledge provided better management guidance than do some of our "modern" cost analysis studies. They were rating
their own capacity to guide themselves. Today, as managerial accountants, we
are rating capacities to guide someone else. How effective are our ratings and
what can be done to improve them? To find some answers let us explore what
can be done and what should be done in three areas—(I) machine utiliza-

I their automobile.
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V.

tion, (2) personnel utilization, and (3) normal volume in relation to practical
capacity.
Cost accounting literature is deficient in case material on the study of the
utiliza tion o f t h e p r o d u c t i v e c a p a c i t y o f i n d i v i d u a l m a c h i n e s. W e c a n c o n c l u d e
ei th er tha t there is no t m u c h of it be i n g d o n e o r t h a t , wh e n i t wa s d o n e , th e

results were not worth writing about. It is difficult to accept either of these
conclusions, because we know that anything which will increase the effective
capacity of a machine will ultimately increase cash and profits. Most of us
who own two cars do not actually need them. With careful planning and minor
inconvenience we could reduce our investment and our cost per mile driven
and increase our cash. Why not do the same thing in our factories?
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Making Continuing Studies of Machine Utilization
The key to increased utilization of machine capacity is detailed analysis of
what each machine is actually doing, or not doing, every hour and fraction of
an hour of the day. Exhibit 1 is an illustrative report form for making these
analyses. In this the reasons for non - productive time have been combined. In
practice the reasons printed on each form would be limited to those generally
encountered in the plant or operations for which the forms are specifically
prepared.
The reasons why a machine was not producing are of greater significance
than the percentage of time it was actually making products. They point up
the spots where corrective action can be taken to increase productive time. In
the illustration, productive time was 80.6 per cent of the scheduled hours. In
contrast with the results of some studies, this is very good. Instances have been
revealed where productive time was consistently about 50 per cent of scheduled
time.
Several possibilities for cost reduction or profit improvement are suggested
in the illustration. If machines are scheduled for only two shifts, savings may
be effected by having the periodic lubrication done during non - scheduled time.
This may call for added shift differential or overtime for the lubrication crew.
However, the contribution to gross margin of the production lost during lubrication could well cover such added costs many times over. Materials not available for production at the machine indicate scheduling deficiencies or failure in
the materials transfer department. Repetitive utility failure would indicate
defective service facilities. In short, a series of these daily analyses must be
investigated and interpreted so that corrective actions can be initiated.
Excessive non - productive time also adversely affects capital investment. A
battery of nine machines utilized at 90 per cent of capacity is equivalent to a
battery of ten utilized at 80 per cent of capacity. Many times, capital investment can be avoided by increasing the utilization of existing equipment. This,
of course, also saves costs, for there are fewer machines to house, depreciate
and maintain. It would seem desirable to have every request for capital appropriations for additional machines supported by capacity utilization studies of
the existing machines.
Experience with machine utilization studies has shown that significant cost
and capital savings can be realized by following through on the reasons for
non - productive time and then taking action to eliminate the reasons. This does
not mean that detailed reports such as the accompanying illustration should be
instituted for every machine and prepared every day. This becomes burdensome
and ineffective. Periodic analysis on a rotating basis throughout a plant will
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provide adequate data. In fact, very good results have been obtained by using
work - sampling techniques in these studies.
Need for Reliable Determination of Practical Capacity
While capacity utilization studies are, and should be, based on absolute
machine capacity, we all know that this is not attainable over a period of time.
As a result the term "practical capacity" has come into use. For a production
line or a plant this gives recognition both to bottlenecks and to normal downtime. After individual machine utilization is determined and brought up to
maximum, the next step is to examine the absolute and practical capacity of
each production line.
In our cost accounting processes we tend to use the same practical capacity
year after year unless there are major equipment changes. Our management
reports are based on practical capacity utilization and the spread between this
and absolute capacity is generally not discussed. Management has no idea how
great it is. Even where absorption costing is used, the unit standard expense
rates are determined at practical capacity or below it. Thus, volume variances
are not generated by the difference between practical and absolute capacity.
Sometimes the desirability of revising practical capacity is indicated by other
than capacity utilization studies. For example, in a certain plant producing a
single product on a single production line, reported production in three successive months ranged from 103 per cent to 114 per cent of "practical" capacity.
While it was recognized that the practical capacity figures made allowances for
factors which would not be encountered in each month, three successive months
of production in excess of 100 per cent were sufficient to indicate the need for
a new capacity study. Two major changes were disclosed. First, there was a
significant reduction in the ratio of scrap to salable production. Second, a inodification of one machine in the line had moved the line bottleneck from the
finishing end of the line to an early step in the process.
The fact that there was a significant reduction in scrap was not surprising.
Gains over the standard scrap allowance over a period of months had been
disclosing this. However, the cost accountant had failed to recognize the fact
that this did increase the practical capacity of the plant. Had the capacity study
not been made, the standard scrap allowance would have been revised when
new standards were built. Whether this would have been reflected in a revised
capacity rating at that time is a matter of question.
The effect of the modification of one machine in the line on capacity went
unnoticed by the cost accountants and the engineers, probably because it was
made for quality rather than capacity reasons. When its effect was disclosed in
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the capacity study, the entire approach to engineering more capacity into the
line was changed. The new location of the bottleneck in the production sequence
was such that it could be removed by a relatively minor capital expenditure. When
this was done, absolute capacity was increased substantially. This, coupled with
lower scrap production, was reflected in new, increased practical capacity figures.
The effects of this situation on costs, prices and profits are obvious. With
higher capacity per line, future plans for expansion can be modified which,
over a period of years, will have a marked effect upon capital expenditures.
Unit costs for pricing, based on unit production at a percentage of practical
capacity, are lower which, of course, increases the spread between standard cost
and sales price. Some of the added margin could be expended for added distribution costs to further increase volume. With more production and more
profit, the return on investment can he improved. In brief, management perspective is changed to a marked degree as a result of such a study. The point
is that the studies should be made on a planned basis periodically, rather than
only when unusual circumstances indicate the need for them.
Value of Personnel Utilization Studies; an Example
The measurement of personnel utilization is more difficult and less precise
than the measurement of machine utilization. It is not a less fruitful area for
cost control and cost reduction. In considering this area, it will be assumed
that standard direct labor allowances or the trend of actual direct labor costs
per unit of product will provide a measurement of direct labor utilization.
The problem, thus, is limited to the measurement of the utilization of indirect
labor and salaried personnel.
In periods of high -level and expanding sales, the addition of personnel to
service the added volume is almost inevitable. Requests to create new jobs and
to increase the numbers of personnel on established jobs are approved as a
matter of course. Business is good and the greater than normal volume is or
should be generating better than normal profits. The costs of these added personnel are built into the budgets and control is reasonably effective until there
is a reversal of the business trend, such as is being experienced at the present
time. Then the tendency to keep budgeted jobs filled is almost as pronounced
as is the tendency to add people when business is expanding. There are several reasons for this. First is the belief or the hope that the downturn is temporary. The organization must be maintained to capitalize immediately upon
expanded sales when they come. Second is the possible adverse effect upon
morale resulting from changes in job assignments. Third is the natural reluctance to face up to the need for changes. If a recession is deep enough or long
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enough, these reasons are overcome because the profit squeeze becomes critical.
However, studies directed toward the more effective utilization of personnel
can generate action and help to maintain profits long before a critical point is
reached. In fact they can add to profits even in boom periods.
Indirect labor reports must balance with the hours recorded on the attendance records. They do not give any assurance that the recorded hours were
spent in effective work. For example, a maintenance crew servicing a number
of operations in a plant is under constant pressure in periods of high activity.
Each foreman of a production operation wants it to do his work first and as
quickly as possible so he can maintain maximum production. When production declines, he is less concerned. He does not need all of his production
capacity. As a result, the crew can spend more time on each job and more time
moving from job to job. They appear to be just as busy but actually are doing
less work. This condition can be revealed only by a careful study of the activity
of maintenance personnel similar to that discussed for machine utilization.
Activity must be observed and recorded throughout each hour of every day of
the study period. While maintenance has been used as an example, the same
considerations are applicable in other plant service departments such as materials transfer, store- and tool -room attendants, machine - setters, lubricators, and
janitors.
For salaried personnel, utilization studies should cover both the organization
structure and the daily work of each person. Changing conditions in periods
of expansion or contraction affect the work loads of supervisory, staff and clerical personnel. The natural inclination is to accept an organization structure
which has developed over the years and to rely upon supervision to determine
the number of people required and to ascertain that the work loads are reasonable. Detailed objective analysis may reveal some surprising opportunities
for savings or for more effective utilization of personnel.
An example can be cited of a factory clerical force. Traditionally, clerks
were located in each of the major operations of the plant. They kept the time,
production, material usage and inventory records for their respective operations.
Primarily, their function was the preparation of original records. They were
under the direction of a chief factory clerk. For many years this structure was
not questioned. It had started with the opening of the plant and expanded as
the plant expanded. Because of the constant growth of the clerical force, questions began to be raised as to its effectiveness. A program of work - sampling
was instituted. This revealed very quickly that the clerical work loads of the
operations were not uniform. After a period of work - sampling confirmed the
initial findings, detailed studies were made in representative operations. These
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revealed that significant savings could be realized if the clerical work were
centralized. This was done, despite the problems of revising many paper -work
procedures and overcoming prejudices and habits. The actual savings resulting
from the centralization were in excess of those estimated and the quality and
timing of the records and reports was improved. Personnel utilization studies
do pay dividends.
What Relationship of Normal Volume to
Practical Capacity Indicates
Now, let us turn to a third and broader area of capacity utilization study,
normal volume of production in relation to practical capacity. In considering
this we must remember that practical capacity is not static and that these studies
must be preceded by others directed toward determining true practical capacity.
With the advent of direct costing, the attention given to normal volume has
tended to decline. This is unfortunate, for normal volume is a vital figure
under both direct and absorption costing. Under either system fixed costs
should be unitized at normal volume for pricing purposes and common production or service facility fixed costs should be allocated or distributed on the
basis of normal volume ratios. For these purposes, normal volume may be
defined as that volume which can be produced and sold in the average year of
a period of years which include past experience and future estimates.
Having determined practical capacity and normal volume, the significant consideration is the ratio of normal volume to practical capacity. There is no single
ratio which will be "right" for every product or every industry. Where seasonal fluctuations occur, the ratio will be lower than it will be where there is
no seasonal sales pattern. A very general range may be set at from 65 per cent
to 85 per cent. Ratios above or below this range are signals that studies should
be made.
A ratio of 50 per cent would almost certainly indicate that excess capacity is
being carried which is inflating costs. This may be true even if there are times
whey full practical capacity is utilized. Andrew Carnegie is quoted as saying
that he never built steel mills to take advantage of all of the sales that his mills
could have made for short periods of time. He believed he made more profit
by letting some of the available business go to his competitors by default in
boom periods. He certainly was successful in making money and this principle
which he followed is probably just as sound today as it was then. Where the
ratio of normal capacity to practical capacity is low, costs and investment can
be reduced by selling or scrapping the least efficient or oldest equipment. Where
this cannot be done because the capacity is in a single machine rather than in
a number of machines, the cost of carrying the excess capacity should be recog¢¢
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nized for what it is —idle plant. This cost should be determined and eliminated
from costs used for pricing and the cost and related investment should be
removed when return on investment is calculated for the plant or line for
internal reporting and measurement purposes.
Ratios above the expected range would indicate the probable need to expand
capacity. They would also call for an examination of costs used for pricing. If
prices are based on normal volume costs of existing equipment, they are probably too low. When capacity is increased, prices may have to be increased to
cover the higher costs related to the new equipment and to yield the same
return on investment at normal sales volume that was realized before capacity
was increased.
In studying the ratio of normal volume to practical capacity, consideration
must be given to service operations as well as to production operations. Changed
production operation requirements may have resulted in increased capacity demands on, or caused excess capacity to exist in, the service operations. For
example, a steam plant that was built to steam -bake a product which now is
being baked by high - frequency electricity, may be much too large for the current demands for steam. Some portion of the cost and investment of the steam
plant should be transferred to "idle- plant" if the steam plant cannot be shrunk
to the size it should be.
How Well Is the Company Employing Men and Machines?
In summary, management must be informed of the degree of effectiveness
attained in the utilization of machines and personnel. For machines or facilities there are three significant ratios: first, of productive time to scheduled and
to full -time operation of individual machines; second, of practical capacity to
absolute capacity of a line or plant and, third, of normal volume to practical
capacity. But the ratios are only signals. The reasons for the ratios provide the
guidance for improvement. For personnel, absolute ratios are not determinable,
but the approach to utilization measurement can follow the same general procedure used to measure machine utilization.
As managerial accountants we can make a significant contribution to cost
control and cost reduction by initiating or making capacity utilization studies.
Unused capacity, whether it be of facilities or of personnel, gives rise to costs
which cannot be expected to be recovered in sales prices. No business can
afford such costs. Through capacity utilization studies we can control them —
keep them from increasing and, in many instances, we can generate action to
reduce or eliminate them. At the same time, we minimize the requirements for
capital expenditures. The net result is an improved return on investment and
a strengthened financial and competitive position.
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