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CHAPTER I 

APPLICATIONS OF STATISTICS TO A 

PROBABILITY PROFIT BUDGET 

Introduction 

Since the end of World War II, quantitative tech

niques/ nearly all of them mathematical and/or statistical, 

have been conceived and applied to problems of decision

making in formal organizations. Discerning accountants 

have been aware of the uncertainties embodied in accounting 

information: the probable collectibility of receivables, 

an expected decline in inventory, and the estimate of the 

useful life of depreciable assets. But in financial state

ments, net income and owners' equity are stated in determin

istic ways, as though these were the answers. Thus, 

accounting and budgeting, while in truth a probabilistic 

process, historically and to the present day are char-, 

acterized by an appearance of determinism. 

Roy and MacNeil in Horizons for a Profession, 

which carried a subtitle of The Common Body of Knowledge 

Robert H. Roy and James H. MacNeil, Horizons for 
a Profession (New York: American Institute of Certified 
Public Accountants, Inc., 1967), p. 8. 
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for Certified Public Accountants, predicted the following 

changes in accounting. 

1. Increasingly accounting information will be 
stored in forms retrievable only by machines. 

2. The means of presenting accounting information 
will become increasingly probabilistic. 

3. Utilization of mathematics, statistics and 
probability by accountants will increase.^ 

They base their predictions on findings such as 

the following: 

1. CPAs increasingly are confronted with problems 
of sampling, both in the installation of 
financial information systems for their clients 
and in the conduct of their audits. 

2. CPAs increasingly are confronted with mathe
matically derived decision rules in the 
systems of their clients' organizations which 
they must at the very least understand, if 
they are to perform the audit function with 
requisite skill. 

3. CPAs themselves are increasingly engaged in 
the performance of service for their clients 
which utilize quantitative methods. 

For several years, the National Science Foundation 

has sponsored courses in mathematics to secondary school 

teachers at some point in their college or in-service 

training, or in summer institutes in order that they can 

offer courses in probability and statistics in the twelfth 

grade. Probability concepts are now of great importance 

^Ibid., p. 100. 

^Ibid., p. 246. 



in a wide variety of fields. The theory of probability is 

the foundation upon which the methods of statistics are 

based. Probability concepts are finding increased use in 

the social science and business: psychologists develop 

stochastic models for learning; economist use the techni

ques to discuss competition and markets; businessmen use 

the theory of probability as an aid in planning inventory/ 

establishing quality control, and designing market survey.'* 

The Purpose of the Study 

The purpose of this study is to develop, integrate/ 

extend, and apply probability and statistical methods to 

the preparation, control, and analysis of profit budgets 

for the management processes of forecasting, planning, 

organizing, directing, controlling, coordinating, and 

decision-making for a manufacturing enterprise. 

The Need for the Study 

The 1966 Statement of Basic Accounting Theory 

emphasizes that probabilistic financial statements should 

be considered as a result of the accounting function 

especially in the future, but no details are offered. 

The American Accounting Association states that: 

Samual Goldberg, Probability; An Introduction 
(Englewood Cliffs, N.J. : Prentice-Hall, Inc., 1960), p. v. 



First, the conventional model, through the 
correspondence of its output with the profit 
objective and determination of financial position 
serves the function of overall management control 
by examining its output over time. Through proper 
structuring, the conventional model can yield 
highly useful data on a responsibility basis. 
Its deficiencies are most notable in respect to 
planning and the evaluation of managerial 
alternatives. 

Second, in serving managements* requirements 
for relevant information the accountant should 
go beyond both the conventional model and his
torically valued transaction data. Fruitful 
areas of extension include cost behavior analysis, 
use of time-adjusted cash flow projections, the 
reporting of projected alternatives by use of 
range or probability distribution rather than 
single-valued estimates and the development and 
manipulation of inventory and other management 
models and simulation techniques. 

Other indications for the need for this study 

come from Suttle, Jr.," Kolhoff, and Taylor, who suggest 

that forecast for planning and budgeting use a probable 

value with pre-established limits to help give uncertain 

numbers more meaning in presenting business forecasts and 

5 
American Accounting Association, A Statement of 

Basic Accounting Theory (Evanston, Illinois: American 
Accounting Association, 1966), p. 38. 

Clyde T. Suttle, Jr., "The Controller Meets 
Statistics," National Association of Accountants Bulletin, 
XLIV, No. 9 (May, 1963), 19-26. 

'Marvin J. Kolhoff, "Probability Approach to 
Planning and Budgeting," National Association of Accountants 
Bulletin, XL, No. 9 (May, 1959), 77-78. 

o 
Paul C. Taylor, "Keeping the Sales Budget Current 

with a Small Dose of Statistics," National Association of 
Accountants Bulletin, XLI, No. 1 (September, 1959), 35-40. 



data. Studies made by The American Institute of Certified 

Public Accountants and the "Committee on the Undergraduate 
9 

Program in Mathematics," and the efforts of The National 

Science Foundation recommend the use of mathematics, 

probability, and statistics in all areas of business. 

Springer, Herlihy, Mall, and Beggs give specific 

details and approaches to using probabilistic models in 

Chapter 4 and Chapter 5 of their book. Ferrara and 

Hayya presented a paper entitled "Toward Probabilistic 

Profit Budgets" at the fifty-third annual meeting of 

The American Accounting Association. Their paper shows 

how techniques can be utilized in preparing next year's 

profit budget with the objective of constructing profit 

budgets that give expected values and a probability inter

val for items in the income statement. 

Hypothesis 

The theory of probability and statistics can be 

applied to the preparation, control, and analysis of profit 

g 
Roy and MacNeil, pp. 315-331. 

^^Clifford H. Springer, Robert E. Herlihy, Robert T. 
Mall and Robert I. Beggs, Probabilistic Models (Homewood, 
Illinois: Richard D. Irwin, Inc., 1968). 

^William L. Ferrara and Jack C. Hayya, "Toward 
Probabilistic Profit Budget," an unpublished paper pre
sented at the 53rd annual meeting of The American Accounting 
Association at The University of Notre Dame, August, 1969. 
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budgets in a manner that gives expected values and a 

probability interval for income and expenses in the profit 

budget. 

Definitions 

Accounting 

The definition of accounting used in this study 

is the one proposed by the American Accounting Association 

in A Statement of Basic Accounting Theory published in 

1966. 

Accounting is a process of identifying, measuring, 
and communicating economic information to permit 
informed judgments and decisions by users of the 
information.^ 2 

This definition of accounting is broader than that expressed 

in other statements of accounting theory. 

A Probability Profit Budget 

A probability profit budget is a projected income 

statement which gives the expected value and a probability 

interval for every item in the income statement. 

Methodology 

In order to support or reject the above hypothesis, 

the following methods are used: 

12 
American Accounting Association, p. 1. 



1. An intensive search of the literature for 

ideas, suggestions, methods, procedures, and applications 

of probability and statistics to preparing a projected 

probability profit budget. 

2. Develop methods, procedures, and applications 

of mathematics, probability, statistics, cost accounting, 

and budgeting to preparing a projected probability profit 

budget based on several years of personal experience, 

teaching, and practicing in these disciplines. 

Limitations and Scope 

This research study is limited to applying prob

ability and statistics to the major revenue and expense 

accounts such as sales, production, inventory, direct 

labor, indirect labor, and factory overhead of the profit 

budget where it is believed statistical probability can 

be used. Such areas as the introduction of a new product 

and capital budgeting, where only subjective probability 

can be used, are not included. 



CHAPTER II 

THE FUNDAMENTAL PRINCIPLES OF A 

FLEXIBLE PROFIT BUDGET 

Introduction 

Of all the tools, techniques, and procedures for 

planning, controlling, and analyzing, the budget has been 

one of the principle methods. Budgeting as a general 

term refers to the entire process of planning, preparation, 

utilization for control, and analysis of deviations of 

operations expressed in quantitative terms. The budget 

is a written formal statement expressing the policies, 

plans, objectives, goals, and expectation of top management 

for the company as an integrated whole and for each major 

division and department. 

A major objective of business is to generate revenue, 

which is usually expressed in the profit budget. To 

accomplish this objective, it is necessary to acquire 

assets, such as material, labor, and equipment. In the 

process of operations, expenses are incurred. Each of 

these activities requires planning and controlling; there

fore, each becomes a part of the total budget plan. 

The foundation on which the budget plan is built 

is the profit plan. Profit planning should be considered 

8 
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as an intelligent, organized approach to optimizing 

business results. 

A Profit Plan 

A plan is a predetermined course of action, the 

process of thinking ahead, of making a judgment of a 

course of action which gives consideration to the many 

alternatives available. A plan should recognize at least 

the three following factors. 

1. It must involve the future. 

2. It must involve action. 

3. It must recognize the organizational structure 
of responsibility, authority and accountability 
by which action takes place.-^ 

Thus, a plan involves forecasting future action within the 

organizational structure under conditions of uncertainly 

and risk. Therefore, a specific plan must be formulated. 

The following represents a sequence of steps in a formal, 

separate, planning procedure in order to reduce risk in 

making a decision by bringing to bear as much pertinent 

Information as feasible. 

Briefly, the planning process should include these 

basic features. 

J. Brooks Heckert and James D. Willson. Business 
Budgeting and Control (3rd ed.; New York: The Ronald 
Press Company, 1967), p. 33. 
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1. Agree on the need for profit planning. 
Enlist the support of directors and key 
executives. Assign responsibilities and 
prepare a timetable. 

2. Get the facts. Collect data on present and 
past operations. Obtain statistics. Assess 
corporate resources and external influencing 
factors. 

3. Synthesize information. Then set objectives 
and profit targets. 

4. Make specific long-and short-term plans to 
fulfil objectives. 

5. Convert the plans into dollars. Prepare 
projected statements of earning, cash flow, 
capital expenditures and return on assets. 

Secure full agreement on objectives, plans 
and expected results. Issue the profit plan 
in writing. 

7. Put the plan to work. Establish controls to 
check performance as to quantity, quality 
and time.2 

6. 

Profit planning is the systematic process of con

sidering all factors governing the activities of a business, 

setting realistic goals, making plans to secure them, and 

controlling progress. Profit planning deals with the 

process of management such as forecasting, planning, 

organizing, directing, controlling, coordinating, and with 
3 

the techniques used by managers to do these things. 

Patrick H. Irwin, How to Make a Profit Plan 
(Ontario, Canada: The Society of Industrial and Cost 
Accountants of Canada, 1961), p. 12. 

"̂ Ibid., p. 11. 

I ^. 



11 

Prereguisites of a Budget Plan 

A company's organization chart and its chart of 

accounts form the two basic frameworks on which to build 

a coordinated and efficient system of budgetary control. 

The organization chart defines the functional responsi

bilities of each executive whose activities justify a 

budget. The organization chart shows the grouping of tasks/ 

the coordination of the work of groups, the establishment 

of definite lines of authority and responsibility in the 

execution of the tasks, and a procedure for enforcement 
4 

of the responsibility so assigned. 

The chart of accounts should include cost centers 

which correspond to the division of responsibility so that 

proper accountability over costs can be established. A 

cost system will aid in the achievement of control through 

accounts which set forth differences between budgeted, 
5 

standard, and actual performance in a meaningful manner. 

To a considerable extent, the future program must 

be guided by the company's past experience. The accounting 

records must reveal past operations in all necessary 

relationships. The records must reveal v/hat goods were 

4 
Adolph Matz, Othel J. Curry, and George W. Frank, 

Cost Accounting (4th ed.; Cincinnati, Ohio: South-Western 
Publishing Company, 1967), p. 472. 

^Ibid., p. 473. 
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sold/ to whom, when, how, and where; what the costs were 

to make and to sell the goods; the detailed components 

and relationships of these costs, including fixed and 

variable elements; and the profit resulting from the 

numerous products. It must also be possible to determine 

from the records the relationships of costs and results 

and efficiency of individual, divisional, and functional 

performance. In summary, the information system must 

provide the data in usable form to assist in making sound 

management decisions. 

The chart of accounts must conform to the organi

zation chart. Business plans must be developed by these 

responsibility centers so that actual performance may 

be recorded in a parallel structure so as to permit com

parison of planned and actual results. 

A successful budget program must have the active 

support of the chief executive and the major functional 

officials of the business. Each official must be made 

aware of the need and advantages of a budgetary control 

system to him individually and to the business. The 

procedural part of the budgeting task can be delegated to 

the controller, but the final executive force necessary 
7 

to motivate action must come from the chief executive. 

Heckert and Willson, p. 21 

"̂ Ibid., p. 21. 

^ 
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Gathering Facts 

Every aspect of the company's operations must be 

reviewed in order to obtain the necessary facts about its 

products, markets, plants, organization, and external 

influencing factors. Some of the external factors are 

competition, share of market, trends in population, and 

consumer income. 

Much of the data needed are of a financial or 

statistical nature, which are found in financial statements; 

other information comes from records kept in such depart

ments as sales and manufacturing. In order to gather facts 

for the probability profit budget, it will be necessary 

to know what effect changes in volume, prices, and costs 

will have on profits; and, therefore, expenses need to 

be separated into fixed and variable elements. 

One large corporation analyzes its profit pattern 

using a direct cost approach but with some innovations. 

The corporation segregates costs and expenses according 

to how they respond to short-term changes in sales volume, 

as follows: 

1. Product costs. 
Those which respond directly to changes in 
the level of production and sales. 

a. Labor going directly into the manufacture 
of the product. 

b. Material becoming part of the product. 

^ 



14 

c. Factory costs such as indirect materials, 
shop supplies and indirect shop labor. 

d. Costs of transport, warehousing, and selling 
directly related to the distribution of the 
product. 

2. Committed costs. 
Those which remain fixed over the short-term 
regardless of the level of production. They 
are associated primarily with costs of capital 
facilities such as depreciation, insurance, 
taxes and rents. 

3. Managed costs. 
Those general overhead expenses which are 
subject to management control. They are con
sidered fixed, responding to management 
decision rather than to volume. 

a. policy costs. 
Those dependent on management judgment, 
such as advertising and research. They 
may vary without any effect or relation
ship to sales volume. 

b. Operating costs. 
Cost of services and processes essential 
to operations but subject to considerable 
management judgment as to amount and 
extent. Examples: management and super
visory personnel, production planning, 
purchasing, accounting and industrial 
relations.° 

The analysis of costs in this manner makes it possible to 

determine the effect of a variety of changes to operations, 

such as changes in wage rates, prices, volumes, organiza

tion, plant, and other elements. 

p 
Marshall K. Evans, "Profit Planning," Harvard 

Business Review, XXXVII, No. 4 (July-August, 1959), 45-54. 
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Objectives of Budgeting 

If a business enterprise is to continue, there 

must be profits to pay investors for the use of their funds 

and profits to reinvest in the enterprise for growth and 

expansion. A certain sales volume is necessary for such 

profits which must be preceded by production and its many 

costs and expenses. 

When enough facts have been gathered and evaluated, 

it should be possible to set the objectives of budgeting. 

The purpose of a profit plan is to optimize the profit 

over a period of years. Objectives should therefore be 

set for every factor which can influence profits in each 

area where performance affects the prosperity of the 

business. 

Objectives should cover a variety of situations, 

but they should be as specific as possible. In general, 

some of the objectives which should be stated are as 

follows: 

1. Overall profit objectives. 

a. Rate of return on investment, assets 
and sales. 

b. Rate of growth of profit. 

c. Return to shareowners. 

2. Overcoming existing weakness. 

a. Eliminating excess production costs. 

b. Eliminating losses in divisions, products 
and territories. 

\ 
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c. Improving employee, customer, and public 
relations. 

d. Introducing management techniques for 
planning and control. 

3. Growth of existing operations. 

a. Rate of growth of share of existing 
markets. 

b. Shifts in quality, volume, price to meet 
customer demands. 

c. Volume in relation to productive capacity. 

4. Developing new customers, products, and 
markets. 

a. Research of customers' needs and the means 
to satisfy them. 

b. Research and development of new activities. 

c. Rate of conversion and growth in new 
products and markets.^ 

The determination of corporate objectives usually 

falls to the chief executive; he is the one who has 

arranged for the gathering of all the facts, evaluating 

the data, and in thinking through an intelligent course 

of action for the future. He has usually discussed all 

findings and conclusions with his senior executives in 

order to achieve a meeting of minds. Now, the chief 

executive presents to the board the objectives for a full 

and frank discussion as to the facts of the company's 

Irwin, p. 34. 

^°Ibid., p. 34. 

" ^ 
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existing position and its long-term goals. He makes 

appropriate revisions to the objectives and finally secures 

the directors^ approval.^1 

The Flexible Budget 

When the objectives of budgeting have been approved 

by the board of directors, then the question of whether a 

fixed budget or a flexible budget should be prepared 

should be determined. When a company's activities can be 

estimated within close limits, the fixed budget is usually 

satisfactory. Fixed means that the budget is prepared for 

only one level of output. If business conditions change, 

causing actual operations to differ widely from fixed 

budget plans, the fixed budget cannot be expected to be 

effective. The fact that costs and expenses are affected 

by fluctuations in volume limits the use of fixed budgets 

and leads to the use of the flexible budget. 

The underlying principle of a flexible budget is 

that for any given volume of business there should be an 

expected level of income and expenditures, and this should 

be determined beforehand to provide a guide for actual 

income and expenditures at that level of activity. A 

flexible budget is usually sho\>m at four different levels, 

such as at the 80̂ ,̂ 90%, 100%, and 110%. The 100% level 

Ibid., p. 34. 

^ 
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of activity is usually defined as the normal level of 

production. It is erroneous to expect a business to con

form to a fixed, preconceived level of production. 

The preparation of flexible budgets results in 

the construction of a series of formulas, one for each 

income, cost, and expense account. The formula for each 

cost and expense account consists of the fixed amount 

and/or a variable rate. The fixed amount remains constant 

for a given range of activity; the variable portion of 

the formula is a rate expressed in relation to some base 

such as machine hours or direct labor hours. Both the 

fixed and variable costs are related to volume of output 

within a relevant range of operations and will depend 

upon the particular range of volume under consideration. 

The assumption that the relation between an expense 

account to the base is linear is usually reasonable as 

long as it is understood that the linear equation expresses 

the average (mean value) relationship between the inde

pendent and dependent variable only within a reasonable 

relevant range. In the planning and controlling activity, 

knowledge of how costs, expenses, and income should react 

under various conditions is a necessary precondition to 

preparing a probabilistic profit budget. It is also only 

by such knowledge that costs and expenses can be properly 

segregated, classified, or utilized for sound management 
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decisions. Thus, a few definitions in costs and expenses 

are necessary: 

1. Variable costs are those costs or expenses 
which vary in total more or less in direct 
proportion to production or sales volume. 

2. Fixed costs are those which do not change 
in the aggregate as the level of output 
varies. 

3. Direct costs are those incurred and traceable 
to a particular unit of output. 

4. Period costs represent costs associated with 
a period of time as distinguished from level 
of activity. They may be considered as 
similar to fixed costs.1^ 

Advantages of Budgeting 

The three objectives of budgeting—planning, 

coordination, and control—lead to the following advantages 

1. Budgeting obliges management to make an early 
study of its problems. It instills into an 
organization the habit of careful study before 
making decisions. 

2. Budgeting enlists the aid of the entire 
management organization. Final decisions 
represent the combined judgment of the entire 
organization and not merely that of an 
individual or group of individuals. 

3. Budgeting provides a tool through which basic 
policies are periodically examined, restated, 
and established as guidelines for the entire 
company. 

4. Budgeting aids in directing capital and effort 
into the most profitable channels. 

12 
Heckert and Willson, p. 61. 

~ ^ 



20 

Budgeting coordinates and correlates all 
efforts. No management control activity 
reveals weakness in organization so quickly 
as the orderly procedure necessary for 
systematic budgeting. 

Budgeting executed in nearly every enterprise 
offers hope for the total national economy 
by providing stability of employment, economi
cal use of physical equipment and effective 
prevention of waste.13 

The Planning Function 

In the planning and preparation stages of the 

budget, it is necessary to make forecast for each function 

of the business. These functions may be classified as 

marketing, finance, purchasing, production, research, and 

development. The classification would depend on the kind 

and size of business enterprise. All of these functions 

need accurate forecasting to help bring about the most 

accurate budgeting of men, material, and money. 

In this study, a short-term forecast will be for 

a period of one fiscal year, which can be any twelve 

consecutive months. An intermediate forecast v/ill be for 

a period of time longer than one year; usually it will 

mean a period of from two to five years. A long-term 

forecast will mean a period of time longer than five years; 

usually it will mean a period of from five to ten years. 

13 Matz, Curry, and Frank, p. 471. 

^ 
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The time period of greatest concern will be the 

short-term forecast, which will be used for preparing the 

annual profit budget. The annual profit budget will be 

shown by quarters and the total for the year. The inter

mediate and long-term forecast are useful for planning 

long-term financing of plant and equipment, acquisition, 

and research and development for new products. 

The planning function requires and needs all of 

the knowledge, experience, and skills of all members of 

the management team who have responsibility for any and 

all major functions of the business. Active participation 

by each member is necessary for proper representation and 

presentation of each major activity. For effective inte

gration of all factors of operation, full and complete 

interdepartmental cooperation is required. 

Some of the fundamentals of planning are summarized 

as follows: 

1. Plans must be based upon a careful evaluation 
of external and internal factors affecting 
the future. 

2. plans should differentiate between long-term 
and immediate objectives and between general 
and specific objectives. 

3. Plans and objectives should be drawn in terms 
of responsibilities and time; they should 
specify how, when, and who is responsible 
for carrying them out. 

4. Plans and objectives should be realistic; 
they should be attainable, yet should 
represent efficient activity. 

\ 
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Plans and objectives should be developed 
through participation by those responsible 
for their attainment. 

Plans should be developed so as to facilitate 
control.1^ 

The Control Function 

Control is the action necessary in evaluating 

performance by comparing actual performance with the budget 

and standards by analyzing the deviations to determine 

possible causes for such deviations and to recommend 

corrective action. Effective control limits should be 

established in the planning stage and incorporated into 

the budget in the preparation stage; that is, point and 

interval estimates should be made as part of the budget 

of all controllable activities and expenses. Statistical 

studies need to be made in the planning and preparation 

stages to classify activities and expenses as controllable 

and fixed. 

Control is a continuous process; that is, methods 

need to be developed which can be used prior to the commit

ment of an act. A good example is the encumberance method 

for expenditures. Another example is the capital recovery 

Glenn A. Welsch, Budgeting: Profit Planning 
and Control (2nd ed.; Englev/ood Cliffs, N.J.: Prentice-
Hall, inc., 1964), p. 12. 
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method for the acquisition of capital assets, such as 

machineiry and equipment. 

Conventional budget reports which show a comparison 

between actual and budget income and expenses have a third 

column to show deviations. These deviations usually state 

that they are over or under the budget. Sometimes they may 

be expressed as favorable or unfavorable. The problem 

facing the executive is whether or not these deviations 

which are usually stated in absolute amounts are significant 

and need his attention or not. This type of reporting has 

failed to recognize the well-known management principle 

referred to as the exception principle. The exception 

principle states that top management should devote detailed 

attention chiefly to the unusual or exceptional items that 

appear in a recurring or one-time report. Budgets are not 

prepared so that deviations can be determined to be excep

tional or unusual. 

A common occurrence in budgeting is to call the 

difference between an actual expense and the budget for 

that expense account a variation or variance. By present 

practices of budget preparation the difference should be 

called at most a deviation, but never a variance. The 

term "variance" taken out of context may have different 

shades of meaning according to the frame of reference of 

the person hearing it. A statistician would define the 

term "variance" as the square of the standard deviation. 
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To an accountant or budget analyst, the term "variance" 

usually means a deviation of an actual expense or cost 

from the budget or standard. This study will use the term 

"deviation" when referring to the difference between budget 

and actual expense, '̂/hen the term "variance" is used, it 

will mean the square of the standard deviation. 

Some of the fundamentals of control are summarized 

as follows: 

1. There must be definite and precise communica
tion of authority, responsibility, policies, 
objectives, plans, and standards of performance. 

2. There must be a comparison of actual results 
with the plans, objectives, and standards, 
which is a measurement of the effectiveness 
of control. 

3. There must be a careful analysis of deviations 
from plans and objectives and a determination 
of the causes. 

4. There must be follow-up procedures to determine 
the effectiveness of the corrective action. 

5. There must be a feedback of basic information 
to provide a basis for improving future 
planning and control processes.15 

^^Ibid./ p. 17 

^ 



CHAPTER III 

SALES PLANNING AND CONTROLLING 

Introduction 

Usually the first step in preparing the annual 

budget is a forecast of sales. The sales department has 

the primary responsibility for preparing a forecast of 
c 

sales. The primary requirement of a sales forecast is 

that it be the expected sales for the year; that is, it 

must be based on all information, internal and external, 

which will aid in the most accurate sales budget. The 

second requirement is that a point and an interval estimate 

of sales, with a given probability, be made. This second 

requirement is necessary in order that a probability budget 

of sales can be prepared. 

An estimate of sales for the year and by quarters 

should be made. Usually the first quarter of the year, 

sales are also shown by months; then, before the end of 

the first quarter, the sales for the second quarter are 

shown in the budget by months. The sales budget is the 

foundation for all other budgets in the firm because all 

other company planning is based largely on it. 

The third requirement of a sales forecast is that 

it be made in such a manner that a production budget can 

25 
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be prepared and be functionally related to the sales 

budget; that is, the sales budget must not be at a greater 

level than it is possible to produce. Even if sales are 

made out of finished goods inventory, there is a func

tional relationship between inventory, sales, and produc

tion. • This relationship can be expressed as follows: 

the changes in finished inventory is equal to the produc

tion function minus the sales function. 

c (i) = f (p) - f (s) 

From this relationship, it can be seen that in order to 

minimize changes in inventory, it is necessary for the 

production function to equal the sales function. 

The Sales Budget 

The short-term sales budget usually covers one 

year. A complete sales budget will show at least the 

following: 

1. Sales in quantities and dollar revenue. 
2. Sales by the quarters and the total for the year. 
3. Sales by products. 
4. Sales by subdivisions; such as 

a. by territories. 
b. by salesman. 
c. by classes of customers. 

d. by order size.^ 

The following steps are the most common ones used 

by a firm in sales forecasting. 

Herman C. Heiser, Budgeting, Principles and Practice 
(New York: The Ronald Press Company, 1959), p. 193. 

r \ 
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1. Analysis of general economic conditions. 

2. An estimate of sales for the industry. 

3. An estimate of the share of the market of 
the firm. 

2 

4. An estimate of the sales for the firm. 

There are many procedures utilized in developing sales 

estimates. This study will use one in order to generate 

the basic data necessary for the presentation and analysis 

of a probability profit budget. It will be assumed the 

sales department has the primary responsibility for pre

paring a forecast of sales. Further, let it be assumed 

that the sales department, the production department, and 

the budget office have agreed on the following factors: 

1. Internal data modified by external conditions 

will be used. 

2. The trend of company sales for the past four 

years' sales will be used. 

3. A quarterly index computed by using the past 

four years' sales will be used. 

4. A level of sales will be predicted which can 

be produced by the production department. 

5. The sales for the year by quarters will be 

determined. 

^Glenn A. Welsch, Budgeting; Profit Planning 
and Control (2nd ed.; Englewood Cliffs, N.J.: Prentice-
Hall, inc., 1964), p. 12. 

r 
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6. A point and an interval estimate with a given 

probability of sales will be made. 

The sales Matrix 

Let it be assumed that the sales department obtains 

from the accounting department sales of a product for the 

past four years by quarters. The sales department adjusts 

these sales for such events in the past as sales to a 

government on a contract basis which is not expected to 

occur in the next year and any other event in the past 

which is not expected to be repeated in the next year. 

Table 1, which is the sales matrix, then represents the 

adjusted past four years' sales. 

The first four columns are for the four years of 

adjusted sales. The fifth column is the total of the first 

four columns by quarters. The sixth column is the average 

per quarter, which was computed by dividing column five 

by four. Column 7 is the quarterly index numbers, which 

were computed by dividing the total sales for the four 

years, 208 units, by four years to obtain an average sales 

per year of 52 units. The 52 units were then divided 

Into the total per quarter to obtain the quarterly index 

number. 

^ ^ ^ ~ \ 
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The Sales Function 

To determine a reasonable sales function, a linear 

regression equation was computed by using the total of 

years column for the dependent variable (Y) and years as 

the independent variable (X) . The final ecjuation was 

Y = 44 + 3.2 X. The regression equation was used to obtain 

an estimate for budgeted sales for the fifth year, 

Y = 44 + 3.2 (5) = 60 units. The average (quarterly sales 

were computed by dividing four into 60 units, which gave 

15 units. The average (quarterly sales of 15 units were 

multiplied by each of the quarterly index numbers to give 

an estimate of the fifth year's sales as shown in 

column 8. 

The first five of the six factors agreed on by the 

sales department, the production, and budget department 

have been accomplished. The sixth factor, which was to 

determine a point and an interval estimate with a given 

probability for estimated sales, will be determined next. 

Computation of the Sales Function 

1>Y = Na + hY,X 

EXY = a ijX + b E X' 

208 = 4 a + 10 b 

536 = 10 a + 30 b 

a = IX'^ I;Y - £X I.XY 

N £X^ - (£X)^ 

(30)(208) - (10)(536) = 44 

(4)(30) - (10)^ 

r ' \ 
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b = N gCY - EX EY (4)(536) - (10)(208) = 3.2 

N EX^ - (EX)^ (4) (30) - (10)2 

Then the Sales Function is: Y = 44 + 3.2 X 

The Budget for 5th Year is: Y = 44 + 3.2 (5) = 60 units 

The Average Quarterly Sales are: 60 units •̂  4 = 15 units 

Interval Estimation of Sales 

In order to have a probability profit budget, an 

interval estimation of sales will be made. A point estimate 

was made of sales in Table 1, column 8, for each cjuarter. 

The first step is to compute the standard devia

tion for each cjuarter. The second step is to determine 

the standard error for each cjuarter. The third step is to 

select a 90% confidence interval from the Student's t table. 

The fourth step is to multiply this constant from the 

t table times the standard error for each cjuarter to obtain 

an interval estimation of sales for each cjuarter. 

The standard deviation may be obtained, v/ithout 

computing the deviation of each item from the mean, by 
3 

use of the following expression. 

S = 
2 —2 

EY - N Y"̂  
N 

^Ya-lun Chou, Statistical Analysis (Nev; York: 
Holt Rinehart and Winston, Inc., 1969), p. 98. 
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The letter Y was used in the above formula instead of the 

more commonly used letter X because in Table 1, columns 1 

through 4, the letter Y was used for sales by cjuarters 

and by years. 

In order to use the adopted formula for computing 

the standard deviation, it will be necessary to perform 

the following procedure. In Table 2, the first four 

columns are the sales by cjuarters and years from Table 1, 
2 

columns 1 through 4, squared; that is (Y ). The fifth 

column is the sum of the first four columns; that is 
2 

the EY . The sixth column is four times column 6, Table 1, 
—2 

squared; that is N Y . 

The seventh column is sometimes called the sum of 

the squares, which is the numerator of the formula; that 
2 ~2 

is EY - N Y . The eighth column is the variance which 

is the part of the formula under the scjuare root sign of 

the formula; that is, column 8 is column 7 divided by four 

because there were 4 years used in computation of the 

standard deviation. Column 9 is the standard deviation 

for sales by cjuarters; thus column 9 is the square root 

of column 8. 

The relationship between the standard error and 

the standard deviation is given by the following expression. 

4 

Howard L. Balsley, Introduction to Statistical 
Method (Totowa, N.J.: Littlefield, Adams & Co., 1967), 
p. 119. 

r \ 
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S = S 

X \ f i r 
S is the standard deviation of the sample, and N is the 

total number of items in the sample. The tenth column 

is the square root of four, which is two divided into 

column 9. This gives the standard error of sales by 

quarters. 

A 90% confidence interval was selected for the 

interval estimation. The value of t from the student's 

t table for a 90% confidence interval with 3 degrees of 

freedom is 2.353. This constant was then used to multiply 

each standard error in column 10 to get the confidence 

interval for each cjuarter, which is shown in column 11. 

Column 13 shows expected sales, which came from 

Table 1, column 8. Column 12 shows estimated sales at 

the 45% level below expected sales. Column 14 shows 

estimated sales at the 45% level above expected sales. 

Column 12 and 14 were obtained by substracting and adding 

column 11 to column 13. 

Then, the last three columns become the probability 

profit budget of sales for the budget year. If column 12 

and 14 are adopted as the budget range, there is a 90% 

probability that actual sales will come within the budget 

range. 

( \ 



35 

The Mean and Standard Deviation 
of the Sales Function 

A particular normal probability distribution can 

be completely determined if its mean and standard deviation 

are known, one of the most important probability functions 

which should be determined is sales for the year; the same 

can be done for each cjuarter of the year. In Table 1, 

column 6, the mean was determined for each cjuarter. In 

Table 2, column 9, the standard deivations for the sales 

by cjuarters were computed. These means and standard 

deviations could be used to determine the probability 

function of sales for each cjuarter in the same manner as 

this study v/ill do in Table 4 for sales for the year. 

In Table 3, the second column shows the expected 

sales by cjuarters, which were determined in Table 1, 

column 8. The total sales for the year were determined 

to be 60 units. The mean cjuarterly value of the sales 

function for the year was Y = 15 units. The standard 

deviation was determined to be 1.6 units. This information 

can now be used to determine the probability density 

function of sales. 

The Probability Density Function of Sales 

Since the normal probability distribution is con

tinuous rather than discrete, the random variable sales 

^ - ^ 
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TABLE 3 

THE MEAN AND STAl-IDARD DEVIATION OF 
THE SALES FUNCTION 

Columns 

Quarters Quarterly Y - 15 (Y - 15)^ 
X Sales 

Y 

1 13 -2 4 

2 1 4 - 1 1 

3 17 2 4 

4 16 1 _A 

60 10 

Y = 15 S (y) = \ / 12 = 1.6 

must also be thought of as being continuous in order to 

use the normal curve. The intervals selected in Table 4 

will have a width of one standard deviation of 1.6 units 

and a mean of 15 units, which was determined in Table 3. 

In Table 4, the first column shows the selected 

intervals for the random variable sales. The second column 

shov7s the number of standard deviations each interval is 

from the mean of the distribution. The third column shows 

the area under the normal probability curve contained in 

the respective intervals shown in column 2. The numbers 

in column 3 were rounded to two places and added up to one. 

fC 
wsr. 
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which is the total area under the normal probability 

curve. The fourth column shows a cumulative probability 

function or "less than" ogive. The fifth column shows a 

"more than" ogive function. This information will be 

useful in further analysis. 

One example of the use of the information in 

Table 4 is in making decisions as to the quantity of units 

to order or produce, which will maximize expected profits. 

A detailed example will be presented in the chapter on 

inventory planning and control. 

Profit-Volume Analysis 

The probability density function of sales developed 

in the previous section can now be used in a p-V Analysis 

of sales. Assume that the selling price per unit is $10, 

the total fixed cost is $75.60, and the variable cost per 

unit is $4. Then the break-even sales in units is determined 

as follows: 

Break-even Sales = $75.60 = 12.6 units. 

$10 - $4 

This break-even point is shown in Figure 1 as the inter

section of the profit function, P= -$75.60 + $6 S, and 

the horizontal axis, which denotes sales (quantity in units. 

The probability of breaking even can be read from Figure 1 

as the area under the probability density function of sales 

from 12.6 units to 19.8 units which adds up to 93%. 

(" ^ 
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By the use of Table 4 and Figure 1, other prob

abilities can be read. For example, the probability that 

sales cjuantity exceed 13.4 units is .84; this can be 

determined by looking at Table 4, column 5, for the inter

val 13.4-14.9. Another probability is the sales quantity 

will be ecjual to or less than 13.3 units is .16; this can 

be determined by looking at Table 4, column 4, for the 

interval of 11.8-13.3. 

By using the above information the expected profit 
5 

can not be determined by the following. 

E(Z) = E(Q)(P-V) - F 

Where 

E(Z) = Expected Profit 

E(Q) = Expected Sales Quantity = 15 units 

P = Sales Price per unit = $10 

V = Variable Costs per unit = $4 

F = Total Fixed Costs = $75.60 

By substitution in the equation E(Z)/ we have: 

E(Z) = (15) ($10 - $4) -($75.60) 

E(Z) = $14.40 

This means that the mean value of the profit distribution 

is $14.40 as shown in Figure 2. To get the standard 

5 
Robert K. Jaedicke and Alexander A. Rodichek, 

"Cost-Volume-Profit Analysis Under Conditions of Uncer
tainty," The Accounting Review, XXXIV, No. 4 (Oct., 1964), 
917-126. 

r 
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deviation of the profit distribution, multiply the 

standard deviation of the sales quantity, which by 

Table 3 is 1.6, times the marginal income per unit of 

sales, which is $6, S(Z) = (1.6)($6) = $9.60. 

Figure 2 is a graphical illustration between the 

profit level and the probability distribution of the 

profit level, since the probability distribution of the 

sales quantity is normal with a mean of 15 units and a 

standard deviation of 1.6 units, as shown in Figure 1, then 

the probability of profits will also be normal with a mean 

of $14.40 and a standard deviation of $9.60 as shown in 

Figure 2. 

Using the probability distribution as shown in 

Figure 2 and the normal probability table, the following 

probabilities can be calculated. 

1. The probability of at least breaking-even: 

Zero profits fall 1.50 standard deviations to the left 

of the mean. That is: $14.40 - 0 = 1.50. 

$9.60 

Therefore, the probability that profits are 1.50 standard 

deviations from the mean is .4332 as read from a standard 

normal curve table. Then, the probability that profits 

are equal to or greater than zero is .50 + .43 = .93 as 

shown in Table 5, column 4, for the profit interval of 
0 - $4.7. 

r 
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TABLE 5 

THE PROBABILITY DENSITY FUNCTION OF PROFIT 

1 

Random 
Variable 
Profit 

From 

(14.4) 

( 4.8) 

0 

4.8 

14.4 

24.0 

33.6 

\ 

— 

— 

— 

— 

— 

— 

— 

W M 

Through 

(4.7) 

(0.1) 

4.7 

14.3 

23.9 

33.5 

43.1 

2 
Column 1 

P(Z = ZH) 

.02 

.05 

.09 

.34 

.34 

.14 

.02 

1.00 

5 
3 

Cumulative 
P(Z ̂  Zi) 

.02 

.07 

.16 

.50 

.84 

.98 

1.00 

4 

Di stributions 
P(Z^ Zi) 

1.00 

.98 

.93 

.84 

.50 

.16 

.02 

2. Other probabilities for different intervals 

of profit were shown in Figure 2, and entered into Table 5, 

The value of the above analysis and Table 5 is in not only 

knowing what the expected value of the profit distribution 

is, but also in knowing what the break-even sales must be 

and in knowing what the probability of breaking-even 

might be. Another example of the use of Table 5 would be 

in comparing the probability of making a profit of $14.40, 

•m" 



44 

which is 50% as shown in column 4, Table 5, with other 

products which may have a lower probability of making the 

same profit. 

Another application of the use of Table 5 is that 

if the attitude of the firm toward the assumption of risk 

is known, then a decision rule by management can be 

established. If management sets a decision rule, that if 

the probability of making a loss is greater than 15%, 

then do not make the investment or produce the product. 

By the use of column 3, the probability that the profit 

is ecjual to or less than zero is 7%. Under the decision 

rule established, the product should be made and sold 

because the 7% is less than the decision rule of 15%. It 

is believed that if management knows something about the 

risk involved in their decisions, they will be better 

informed and, therefore, the decision of choosing among 

alternate plans of action should be greatly facilitated. 

Approximations to the Normal Distribution 

In the preceding section, the normal distribution 

was used for the profit-volume analysis. In most actual 

cases, a company will have determined sales on a monthly 

basis for several years. A relative frecjuency distribu

tion can be constructed using the company's actual sales 

by months for as many years as it is necessary in order 

^ 
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to determine a frecjuency distribution which can be used 

as a probability function of sales. 

If there is not enough historical data to determine 

a relative freq[uency, the suggestion of Zenon S. Zannetos 

to use the Chebyshev (sometimes spelled Tchebysheff or 

Tchebichev) inecjuality can be considered. Chebyshev's 

inecjuality gives the lower bound of the probability that 

an observation will fall within a certain distance from 

the mean, irrespective of the applicable probability law. 

In mathematical notation, if p stands for the probability, 

X represents the observation, X represents the mean of the 
2 

un iverse , S the var iance , and (e) a p o s i t i v e measure of 

the d i s t a n c e . Then: 

P( | X - X | ^ e ) ^ l - S ^ _ X ^ . « 2 

e2 

and the complement of the above is: 

P ( f X - X - e ) ^ S 
' 2 e' 

The above relationships can be expressed in terms of 

distance measured in standard deviations if e equals cS 

Upon substitution: 

P( | x - x | ^ c S ) - l - i and 
c2 

P ( | X - X ^ c S ) - l , 
2 c 

^ 
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In order to illustrate the interpretation of 

Chebyshev's inecjuality, assume that an observation is 

slightly more than two standard deviations from the mean; 

to find the probability such an occurrence is purely due 

to stochastic reasons, let (c) = 2; then l/c^ = 1/4 = .25. 

By Chebyshev's inecjuality, this says at least 75 per cent 

of the observations will fall within two standard deviations 

from the mean.^ To compare this probability of 75% with 

the area under the standard normal curve, read from a 

normal table that (2)(.4772) = 95% of the observations 

will fall within two standard deviations from the mean. 

In the opinion of William L. Ferrara and Jack C. 

Hayya, professors at the Pennsylvania State University, 

the Camp-Meidell inequality is more meaningful in accounting 

problems. The Camp-Meidell inecjuality states that if for 

distributions which are continuous and unimodal, the 

difference between the mode and the mean does not exceed 
7 

one standard deviation (S), then: 

P ( I X - X I ̂  cS) - 4 
9c 2 

Zennon S. Zannetos, "Standard Costs as a First 
Step to Probabilistic Control: A Theoretical Justification, 
An Extension and Implications," Accounting Review, XXXIX 
(April, 1964), 297. 

'William L. Ferrara and Jack C. Hayya, "Toward 
Probabilistic Profit Budgets," Unpublished paper presented 
at the American Accounting Association, 53rd Annual Meeting, 
August 26, 1969, at The University of Notre Dame. 

(" \ 
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According to the above inecjuality, more than 1 - 4 
9c2 

of the value in the distribution are within X + cS and 

less than 4 of the values lie beyond X + cS. 

To compare the Camp-Meidell inequality with the 

normal curve and with Chebyshev inecjuality, let (c) = 2 

again; then 4 = .11. This means that by the Camp-

9(4) 

Meidell ineq[uality at least .89 of the observations will 

fall within two standard deviations from the mean. Again, 

compare .89% with the 95% of the observations under the 

area of the standard normal curve. To get a better com

parison between the Camp-Meidell and the normal distribu

tion compute: 95 - 89 = 6%. There is a 6% difference 

95 

between the two methods for the interval of plus and minus 

two standard deviations from the mean. 

It is the conclusion of this section if there is 

enough historical data to estimate a mean, a standard 

deviation, and determine that the difference between the 

mode and the mean do not exceed one standard deviation, 

the Camp-Meidell inecjuality can be used to estimate prob

abilities in the tail end of a distribution. But, as the 

intervals become shorter, then the Camp-Meidell method 

as compared to the normal curve has a greater difference. 

Therefore, when there is enough historical data to 

( " ^ 
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estimate a mean and a standard deviation, the use of the 

normal probability curve to estimate the probability 

distribution of sales is the best and most useful method. 



CHAPTER IV 

PRODUCTION PLANNING AND CONTROLLING 

Introduction 

In this chapter a plan will be developed which will 

determine the cjuantity of units that must be manufactured 

to meet the sales recjuirement and to meet a basic inventory 

requirement. The finished goods inventory account expressed 

in terms of an accounting equation is: the initial balance 

plus increases ecjuals decreases plus the final balance. 

In a manufacturing concern, the increase is the units 

produced and the decrease is the units sold. This account

ing ecjuation can also be expressed as follows: the changes 

in finished goods inventory is ecjual to the production 

function minus the sales function; that is, c (i) = 

f (p) - f (s). 

In terms of expected value, the function becomes 

the expected value of the change in inventory ecjuals the 

expected value of the production function minus the expected 

value of the sales function; that is, E(c(i) = E(f(p) -

E(f(s)). This means that in order for E(c(i)) = 0; 

E(f(p)) - E(f(s)) = 0; thus, E(f(p)) = E(f(s)). One of 

the major objectives of this chapter is to develop a method 

which will establish this relationship. 

49 
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The Production Budget 

The primary responsibility of the production budget 

rests directly upon the production executive. He must do 

the planning, scheduling, and controlling of actual pro

duction. However, he has certain constraints under which 

he must operate. Some of these constraints, recjuirements, 

and objectives are summarized as follows: 

1. Determine the production of units necessary 
to meet sales recjuirements. 

2. Determine a rate and level of production such 
that changes in the following are minimized. 

a. Changes in inventories. 

b. Changes in employment of labor. 

c. Changes in sizes and lots of raw material 
purchased. 

3. Determine the need for repairs and maintenance 
of ecjuipment. 

4. Determine the need for new capital assets 
such as new equipment or expansion of plant. 

5. Establish cjuality control and types of 
inspections. 

6. Forecast changes in productivity based on 
planned improvements in plant and methods. 

7. Plan programs to improve turnover of raw 
material and work-in-process inventories. 

^Patrick H. Irwin, How to Make a Profit Plan 
(Ontario, Canada: The Society of Industrial and Cost 
Accountants of Canada, 1961), p. 33. 
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In the previous chapter, an estimate of sales was 

made with a confidence interval of 90%. A probability 

budget was determined for the three sales levels of 

expected, plus, and minus a probability interval of 45%. 

(See the last three columns of Table 2, Chapter III.) 

In this chapter, a production function will be 

developed which will be related to the three different 

sales levels. There will then be a probability production 

budget prepared for each sales level. The production 

function should be as stable as possible. This does not 

mean that production will be at some constant level; it 

means that a function should be developed so changes in 

the level of production will be at a minimum. The produc

tion function will help to minimize changes in inventory 

level, employment of labor, and changes in raw material 

purchases. 

The Production Function 

In Table 6, the first column is the 4 cjuarters 

of the year. The second column is the estimated sales as 

made by the sales department, which is the sales for the 

budget year, which came from Table 1, colunan 8. In order 

to determine a function which can serve as the expected 

value of the sales function, a linear regression ecjuation 

will be fitted to the sales function. The linear regression 

^ ^ 
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TABLE 6 

DETERMINATION OF THE PRODUCTION FUNCTION 

N 1X2 _ (ĵ x)2 (4) (30) - (10)2 

a = Y - b X 15-1.2 (2.5) = 12 

Therefore the Production Function is: Y(c) = 12 + 1.2 X 
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1 

Quarte 

X 

1 

2 

3 

_4 

10 

Zy = 

EXY = 

b 

!rs 

Na 

a 

N 

I 

DC 

2 

Estimated 
Sales 

+ 

+ 

IXY • 

Y 

13 

14 

17 

16 

60 

3 

XY 

13 

28 

51 

64 

156 

4 

X2 

1 

4 

9 

H 
30 

Conputation of • 

b IX 

b 1x2 

- IX lY 

60 

156 

Columns 
5 6 

Y2 

169 

196 

289 

256 

910 

Production 
Function 

Y(c) 

13.2 

14.4 

15.6 

16.8 

60.0 

7 

Changes 
in 

Inventory 

Y-Y(c) 

-0.2 

-0.4 

1.4 

-0.8 

0 

the Production Function 

= 4 

= 10 

(4)(156) 

a,+ 10 b 

a + 30 b 

- (10)(60) = 1.2 

8 

{Y-Y(c))2 

.04 

.16 

1.96 

.64 

2.80 

Comoutation of the Standard Error of Estimate 

l(y(c)) =\ /(Y-Y(c))2 = W l , ^ = .84 

r = 

Computation of the Coefficient of Correlation 

1 - (Y-Y(c)) 

I:Y2 - N7^ 

1 - 2.80 = .85 
910 - 4(15)2 

y^ 
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equation will then be adopted as the production function 

in order to accomplish the objective of having the desired 

relationship of the expected value of the production 

function being equal to the expected value of the sales 

function, and the expected value of changes in inventory 

to be zero. Hence, the random variable c(i) will have a 

mean of zero and be normally distributed. 

In Table 6, the production function was determined 

to be Y = 12 + 1.2 X. In column 6, the production for 

each of the 4 quarters was determined by using the produc

tion function. In column 7, the deviations between the 

sales function and production function were determined; 

this column is the changes in inventory. In column 8, 

the deviations were squared so that the standard error 

could be determined. 

As shown in Table 6, the standard error of estimate 

was .84; now, if this is divided into the largest devia

tion as shown in column 7 which was 1.4, then 1.4 -• .84 = 

1.67. The 1.67 means all the deviations in column 7 are 

well within the limits of 2 standard deviations. 

The coefficient of correlation of the sales func

tion, column 2, with the quarters of the year, which was 

column 1, was determined to be .85, which is usually con

sidered a good correlation coefficient. 

c ~^ 



54 

The Probability Production Budget 

In Table 7, the probability production budget is 

determined v/ith a point estimate and a 90% confidence 

interval as there was for the sales function as shown in 

Table 2, columns 12, 13 and 14. The value of the normal 

random variable Z for a 90% confidence interval from 

the normal table is 1.645. This constant times the standard 

error of estimate of .84 as determined in Table 6 will 

give the necessary confidence interval of (1.645)(.84) = 

1.38. This constant of 1.38 was then added and subtracted 

from column 3 of Table 7 to give the upper and lower limits 

of the production function. To use Table 7 to make manage

ment decisions, the decision rule could be that for any 

quarter in which production is outside of these control 

limits an investigation should be made. 

When a manufacturing concern is producing for 

customer's specific orders as well as for inventory, then 

in any given quarter the production may exceed its upper 

control limit due to one or more large special orders 

from customers. Since the control limits were established 

for a 90% confidence interval, it can be expected that on 

the average actual production will exceed its control 

limits 10% of the time. 

i C ^ 
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TABLE 7 

THE PROBABILITY PRODUCTION BUDGET 

1 

Quarters 

1 

2 

3 

4 

Totals 

2 

Lower 
Limit 

11.82 

13.02 

14.22 

15.42 

54.48 

Columns 
3 

Expected 
Production 

13.20 

14.40 

15.60 

16.80 

60.00 

4 

Upper 
Limit 

14.58 

15.78 

16.98 

18.18 

65.52 

b ( Z2^ 



CHAPTER V 

INVENTORY PLANNING AND CONTROLLING 

Introduction 

Inventories are usually a large item among the 

current assets of many industrial firms. The costs of 

carrying inventories can be much higher than management 

realizes. The three major problems to be considered in 

planning and controlling raw material inventories are: 

(1) purchases, (2) usage in the production, and (3) the 

desired material inventory level. 

As in the previous chapter where the finished 

goods inventory account was expressed as a function, the 

raw materials inventory in this chapter will be expressed 

as a function. The raw materials inventory account expressed 

in terms of an accounting equation is the initial balance 

plus increases ecjuals decreases plus the final balance. 

The increases in the raw material inventory account are 

purchases, and the decreases are usage in production. Raw 

material used in production is usually on a continuous or 

at least a daily basis; whereas, purchases are on a periodic 

basis. This difference in the purchase function and pro

duction does not prevent determining a relationship 

between purchases and production. The accounting equation 

56 
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for the raw materials inventory account can be expressed 

as follows: the changes in raw material inventory are 

equal to the purchases function minus the production 

function, in terms of expected value, the ecjuation becomes 

the expected value of changes in raw material inventory 

ecjuals the expected value of the purchases function minus 

the expected value of the production function. 

Raw Material Purchases and Usage 

In the previous section, it was said that the 

purchases function was periodic. Now, in order to relate 

the purchases function to the production function, use will 

be made of Table 7, column 3; this column shows the 

expected production for the budget year. An inventory 

control model will be used in order to minimize the costs 

associated with maintaining the inventory; in this way, 

there will be a definite relationship established between 

the purchase and production function. 

Economic Order Quantity 

There are two general types of costs to be 

considered: 

Harold Bierman, Jr., Lawrence E. Fouraker, and 
Robert K. Jaedicke, Quantitative Analysis for Business 
Decisions (Homewood, 111.: Richard D. Irwin, Inc., 
1961), p. 71. 

r~ ^ 



Let: 

58 

1. The cost of placing one order. 

2. The cost of carrying one unit in inventory 

one unit of time. 

K = incremental cost of placing an order. 

C = carrying cost per unit per unit of time. 

D = expected demand during time period T. 

Q = optimum order size in units. 

D/Q = number of orders during time T. 

Q/2 = average inventory during time T. 

T = time period 

CT = carrying cost per unit during time T. 

Then: 

(Q/2)(CT) = cost of carrying inventory during the 

period T. 

(D/Q)(K) = cost of placing orders. 

Then total cost = (Q/2)(CT) + (D/Q)(K) 

The optimum order size Q is determined by taking the first 

derivative with respect to Q, setting it ecjual to zero 

and solving for Q. 

d(tc) = if(CT) - (DK)/Q2 = 0 
d(Q) 

Q2 = 2DK 
CT 

T h e n Q = \ 2DK 
CT 

The usual interpretation of the above formula is that 

demand (D) is known with certainty. 

r 
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In this study the demand (D) will be the expected 

value of the production function; therefore, (D) will not 

be known with certainty. This very important statement 

establishes the mathematical relationship between the 

production function and the purchase function. 

In Table 8, the economic order cjuantity and the 

production function will be used to determine the purchases 

for each cjuarter. Assume the following data. 

Let K = $5.50. 

C = $0.10 per unit per day. 

D = expected demand from Table 7, column 3. 

Q = optimum order size in units. 

D/Q = number of orders during time T. 

Q/2 = average inventory during time T. 

T = 65 work days per cjuarter. 

CT = ( $ 0 . 1 0 ) ( 6 5 ) = $ 6 . 5 0 

Then: Q= \ | (2) (5.507 \[^ = 1.3 Vfo" 

Nj(.10)(65) N N 

Since Q is the optimum order size and D is the production 

function, this means that purchases are a function of 
production. 

In Table 8, column 2 is the expected demand, which 

came from Table 7, column 3. Column 3 of Table 8 is the 

scjuare root of column 2. Column 4 is the economic order 

quantity, which is the constant 1.3 times column 3. The 

economic order cjuantity is a function of demand; therefore. 

i ^ ^ 
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TABLE 8 

ECONOMIC ORDER QUANTITY 

1 

Quarters 

2 

Demand 
(D) 

Columns 
3 

N j C ^ 

4 

1.3 \|(D) 

5 

3 Q = 
purchases 

1 13.2 3.63 4.7 14.1 

2 14.4 3.80 4.9 14.7 

3 15.6 3.95 5.1 15.3 

4 16.8 4.10 5.3 15.9 

Totals 60.0 20.0 60.0 

when demand changes from quarter to cjuarter, the economic 

order cjuantity will change. To get the average number of 

orders during a quarter, the total of column 2 is divided 

by column 4, which is 60 divided by 20 ecjuals 3. This 

means that the purchases shown in column 5 will be 3 times 

column 4. 

The probability Purchase Budget 

In order to establish control limits for the 

probability purchase budget, it will be necessary to 

determine a standard error of estimate for the purchase 

function shown in Table 8, column 5. Since in the preceding 

section it was established that purchases are a direct 



61 

result of production, it was decided to use the same 

confidence interval for purchases as was used for the 

probability production budget in Table 7. 

The value of the normal random variable Z for a 

90% confidence interval from a normal curve table is 

1.645. This constant times the standard error of estimate 

of .84 as determined in Table 6 will give the necessary 

confidence interval of (1.645)(.84) = 1.38. This constant 

of 1.38 was then added and subtracted from column 3, 

Table 9, which is the expected purchase function as 

determined in Table 8, column 5, to obtain columns 2 and 4 

of Table 9. 

To use Table 9 to make management decisions, the 

decision rule could be that for any cjuarter in which pur

chases are outside of these control limits, an investiga

tion should be made. One of the main reasons for purchases 

to exceed its control limits would be for usage in produc

tion to exceed its control limits established in Table 7. 

Inventory Levels 

When a probability demand function is used in an 

inventory analysis, the subject of safety stock and reorder 

points must be considered. Management can formulate a 

policy regarding shortages; then safety stocks can be 

determined so that fluctuating demand will not cause an 

^ 
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TABLE 9 

THE PROBABILITY PURCHASE BUDGET 

1 

Quarters 

1 

2 

3 

4 

Totals 

2 

Lower 
Limit 

12, 

13, 

13, 

14, 

54, 

.72 

.32 

.92 

.52 

.48 

Columns 
0 5 

Expected 
Purchases 

14. 

14, 

15. 

15. 

60. 

.10 

.70 

.30 

.90 

.00 

4 

Upper 
Limit 

15, 

16. 

16. 

17. 

65, 

.48 

.08 

.68 

.28 

.52 

excessive number of stockouts. Given a safety stock level, 

a reorder point can be determined. To minimize the prob

ability of having a stockout and at the same time keep 

inventory levels at a reasonable amount will be the objec

tive of this section. 

In Table 10, the reorder point will be determined 

for each quarter because the normal and maximum rate of 

usage is different for each cjuarter. The following prob

ability model was adapted from Corcoran's Mathematical 
2 

Applications in Accounting. 

A. Wayne Corcoran, Mathematical Applications in 
Accounting (New York: Harcourt, Brace & World, Inc., 
1968), p. 124. 

X 
^ 
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Let: E(D) = expected demand for each quarter, which is 

the production function from Table 7, 

column 3. 

S(D) = standard error of estimate of demand, which 

is .84 from Table 6. 

L = lead time = 10 days. 

T = time period = 65 working days in each cjuarter. 

RP = reorder level of inventory. 

NR = normal rate of demand = E(D)/T. 

MR = maximum rate of demand = E(D) + 3 S(D) 
T 

Then the reorder point will be: 

RP = E(D) + 3 S(D) X L 
T 

The above model was derived by the following line 

of reasoning. The reorder point should be equal to the 

maximum usage rate times the maximum lead time. Lead 

time is defined as the length of time it takes to place 

an order with a supplier and to receive the goods. The 

assumed maximum usage rate is determined by adding to the 

expected demand three standard errors of estimate of demand 

and dividing both by an assumed 65 working days in each 

cjuarter. The reorder point would be to multiply the 

maximum usage rate times the lead time. 

To compute the reorder point for the first cjuarter, 

the following computations are presented: 

r ^ 
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RP = 13.2 + 3(.84) X 10 = (.24)(10) = 2.4 units 
65 

The normal rate would be: 

NR = 13.2 = .20 units per day 
65 

RP = 2.4 = 12 days supply at the normal rate 
NR .2 

12 days supply minus 10 days lead time = 

2 days safety stock. 

In Table 10, the reorder point and days of safety stock 

are computed for each quarter in the same manner as the 

computations above for the first quarter. 

A Probability Inventory Model 
to Maximize Profits 

Most inventory models are deterministic; that is, 

the rate of demand is assumed to be known. The problem 

is to decide how many units should be processed or pur

chased in a given batch. The more units produced or 

ordered in a batch, the greater the carrying costs and the 

smaller the order costs. The smaller number of units pro

duced, the smaller the carrying costs and the order costs; 

therefore, the problem is to balance carrying costs with 

order costs by producing the most economic order cjuantity. 

This chapter will develop a probability inventory 

model to maximize profits which is a modification and an 

expansion of a model in Corcoran's Mathematical Applications 

r 
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in. Accounting. The model in the reference could only 

be used for inventory which must be sold within a short 

period of time or the investment in the inventory would be 

lost. The sales of perishable items, newspapers, or 

magazines are some inventory examples following this 

pattern. This chapter will generalize this model so that 

it can be used for any type of inventory. The problem is 

to maximize expected profits under the conditions of mini

mizing storage costs and the probability of being out of 

stock. In order to establish a cost of being out of stock, 

it will be assumed that the revenue which was not made by 

being out of stock will be the cost of shortage. 

Suppose the number of units sold follows the prob

ability distribution p(x) = 0.0002 x for 0 ̂ x ^ 100. 

One objective is to know the number of units to have on 

hand at the reorder point when the gross profit is $1.00 

per unit and the storage and handling costs are $0.20 per 

unit during the average lead time, which is the length of 

time it takes between the time an order to a supplier is 

placed and the time it is received. Another objective is 

to maximize profits under the conditions of minimizing 

storage costs and minimizing the probability of running 

out of stock. 

^Ibid., p. 122. 

< ^ 
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Let: E(P) = Expected Profit 

X = Units Demanded 

Y = Units Ordered 

Three things may occur: (1) inventoiry is greater than 

demand, (2) inventory is less than demand, or (3) inventory 

is equal to demand. 

If inventoary ecjuals or exceeds demand (Y - X) 

and profits may be expressed as: 

$1 X - $0.20(Y - X) = $1.20 X - $0.20 Y 

If demand equals or exceeds inventory (X - Y) and profits 

may be expressed as: 

$1 Y - $1 (X - Y) = $2 Y - $1 X 

The equation for expected profit is: 

E(P) = 0.0002 /^(1.20x^ - 0.20xy) dx + / "'"̂ Sxy - x^) dx 
o X 

"̂  9 V 9 3 100 
E(P) = 0.0002 ( 1.2x - 0.20x^y ) ^ + ( ̂ x Y - x ) 

3 2 o 2 3 X 
E(P) = 0.0002 ( 1.2x-̂  - 0.20x-̂  + 10,000x - 333,333 

3 2 

-x^ -̂  x") 
3 

d E(P) = 0.002 ( 1.2x^ - .3x^ + 10,000 -3x^ + x^ ) 
d X 

0 = - l.lx^ + 10,000 

l.lx^ = 10,000 

x^ = 9,091 

x = 95 units 

y 
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A very useful formula can be obtained if a sub

stitution is made of the letter p for profit of $1 and 

L for the storage costs of $0.20. The equation would have 

been: 

X 
E(P) = / (P + L) X - L y) 0.0002X dx 

o 
100 

+ / (2P y - P x) 0.0002X dx 
x 

When d E(P) is calculated and set ecjual to zero, 
d X 

O.OOOlx^ = 2P 
2P+L 

To check this final result by substituting $1 for P and 

$0.20 for L, the above ratio 2P becomes: 
2P+L 

O.OOOlx^ = 2 = 1 
2.20 1.10 

x^ = 9,091 

X =95 units 

The ratio of 2P means that the inventory on hand at the 
2P+L 

reorder point should be in such a way that the cumulative 

probability of needing that amount is the ratio of 2 times 

the profit per unit to the sum of 2 times the profit per 

unit plus the storage costs per unit during the lead time. 

. r 



CHAPTER VI 

LABOR PLANNING AND CONTROLLING 

Introduction 

For purposes of budgeting and cost accounting, labor 

is usually classified as direct and indirect. Direct labor 

costs consist of the wages paid to workers who are in 

direct contact with the raw material while it is being con

verted into a finished product. Direct labor hours are 

therefore a direct function of production; that is, in 

general the number of direct labor hours needed in the 

budget will depend on the number of units of goods which 

are planned to be produced. Direct labor costs and direct 

material are frecjuently referred to as "prime costs." 

As production has become more mechanized, the physical 

contact between worker and the product has become less 

common, and "direct labor" tends to imply a costs relation

ship rather than a physical relationship. 

Indirect labor involves all other factory labor 

costs, such as supervisory salaries, repairman, storekeeper, 

and custodians. Indirect labor costs are usually included 

in the manufacturing expense or overhead budget. Since the 

costs relationships of direct and indirect labor to pro

duction are not the same, direct and indirect labor costs 
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will be considered as two separate and distinct costs. 

A more detail study of the costs relationship between 

indirect labor and production will be made in the next 

chapter. 

Objectives of the Direct Labor Budget 

The responsibility for preparing the direct labor 

budget is usually assigned to the executive in charge of 

production. The payroll, costs, and personnel department 

may be recjuired to assist by providing necessary data on 

wage rates, job classifications, and number of personnel 

working in the different areas of production. Some of the 

purposes of a direct labor budget as part of the annual 

profit plan are: 

1. To ascertain the number and kind of workers 
and man-hours which will be necessary to 

r execute the production program during the 
budget period, and the time when such workers 
will be needed. 

2. To ascertain the labor cost of the production 
program. 

3. To determine amount and time of cash dis
bursements for labor that will be recjuired by 
the production program. 

4. To provide suitable bases for the measurement 
. of labor performance and the control of labor 

costs.^ 

J. Brooks Heckert and James D. Willson, Business 
Budgeting and Control (3rd ed.; New York: The Ronald 
Press Company, 1967), p. 231. 
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Provision for regularity of employment begins not 

with the labor budget, but rather with the sales and pro

duction budgets as described in previous chapters. However, 

once these budgets are made, the detailed work of planning 

and controlling labor recjuirements and labor costs becomes 

the function of the labor budget. 

Estimating Direct Labor Hours 

The method of estimating the hours of labor required 

for the budget depends largely upon the method of produc

tion. When the products are uniform and standard labor 

time has been established for the products, it is only 

necessary to multiply the estimated number of units to be 

produced by the standard labor time to arrive at the 

standard labor hours recjuired. Most process cost account

ing systems can use this method. 

When products are made to customers' orders or the 

products manufactured are not uniform, production will 

need to be translated into operations recjuired. If opera

tion standards can be established in terms of man hours, 

the recjuired nvimber of direct labor hours can be estimated. 

The development of standard labor hours for each kind of 

product or operation is usually the duty of the industrial 

engineer, who may use any one of several methods. 

C ^ 
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Time and motion studies furnish one of the most 

satisfactory methods to determine direct labor time stan

dards. Time study aims to analyze the manual operations 

into motions and to carefully measure the time recjuired 

to perform these motions. These labor standards contain 

not only the time set as standard for performance of these 

motions, but also allowances for rest, for machine delays, 

for setups, and any other allowance regarded as essential. 

Statistical estimates of labor time standards can 

be made by a staff person from information contained in 

cost accounting records. When a job order cost system 

has been in operation, actual time for direct labor hours 

is available and can be used as the source of data. The 

historical ratio of direct labor hours to the number of 

units produced can be developed in such a way that a point 

and an interval estimate with a given probability is stated. 

For example, the standard number of hours for a unit of 

production can be stated as 2 hours + 6 minutes or as 

2 + 0.10 hours, 90% of the time. The decision rule can 

then be that if the actual direct labor hours for the pro

duction of one unit is outside of the precision interval 

of 114. through 126 minutes, the deviation would be statis

tically significant and should be investigated. 

2 
Herman C. Heiser, Budgeting, Principles and 

Practice (New York: The Ronald Press Company, 1959), 
p. 249. 
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A third method of estimating labor time standards 

is to recjuire each productive department supervisor to 

estimate the direct labor hours recjuired for the budgeted 

output of his department. The labor time standard to 

produce one unit of production can be determined by 

dividing the estimated direct labor hours into the budget 

output. In making such estimates, the supervisor relies 

on (1) his judgment, (2) performance of the department 

over the recent past, and (3) assistance from a staff 
3 

officer. 

It may be necessary to use several methods for 

estimating direct labor hours in a firm. The most appro

priate method should be selected and used for each pro

duction department and cost center. When the labor 

quantity estimate has been made, this information should 

be furnished to the personnel department so that the 

necessary amounts of all classes of labor will be available 

when needed. Advance notice of labor requirements permits 

the personnel department to provide in time for the 

training of new workers and for the necessary shifting of 

workers between departments. 

3 
Glenn A. Welsch, Budgeting: Profit planning and 

Control (2nd ed.; Englewood Cliffs, N.J.: Prentice-Hall, 
Inc., 1964), p. 154. 
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Estimating Direct Labor Rates 

Estimating direct labor rates in a particular 

department or cost center may present a difficult problem. 

In the modern industrial plant, a worker's wage is based 

on negotiated labor contracts, job evaluation, profit 

sharing, and incentive wage plans. 

The basic types of wage systems in use are: 

(1) day or hourly wage systems, (2) straight piece rates, 

and (3) multiple piece rates or bonus systems.'^ The 

objective of a wage system is to induce a work force to 

produce at an optimum rate of efficiency. To accomplish 

this objective, wage incentive plans which involve wage 

rates based upon various combinations of time and output 

have been used. Many wage incentive systems retain the 

names of industrial engineers who originated the plans— 

the Taylor Differential piece Rate Plan, the Halsey Premium 

Plan, the Bedaux Point System, the Gantt Task and Bonus 

Plan, and the Emerson Efficiency System. Few of these plans 

are used today in their original form, but many adaptations 

are in use. 

John J. W. Neuner and Samuel Frumer, Cost Accounting 
Principles and Practice (7th ed.; Homewood, Illinois: 
Richard D. Irwin, Inc., 1967), p. 534. 

^Adolph Matz, Othel J. Curry, and George W. Frank, 
Cost Accounting (4th ed.; Cincinnati, Ohio: South-Western 
Publishing Company, 1967), p. 321. 
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Wage plans most commonly used in industry today 

determine the workers' earnings by (1) the ratio of a man's 

production to standard production, (2) the hourly base 

rate for the job classification, and (3) the incentive plan 

in use. When daily or hourly wage rates are used and 

are established by a long-term labor union contract, there 

will be little variation in the rate during this period; 

hence, these rates can be used as the standards. When 

straight piece rates are used, this will result in a 

payment of a fixed amount per unit of production, subject 

to the effect of the minimum wage and hour law applicable 

to these employees. Theoretically, this method is ideal 

for standard costs, but is frequently opposed by labor 
7 

unions. 

When multiple piece rates or a bonus system are 

used which depend upon the volume of the workers' produc

tion, it may be necessary to estimate an average wage rate. 

The problem of setting a standard rate therefore becomes 

one of setting a standard output per worker. Hence, rates 

and quantities are involved in setting standard rates. A 

study of past performance records can be made to ascertain 

^Ibid., p. 321. 

"̂ Neuner and Frumer, p. 534. 
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the rate of production and compensation which the average 

worker earned, and set the standard labor rate at that 

level.® 

^Heiser, p. 250 



CHAPTER VII 

A PROBABILITY BUDGET FUNCTION FOR INDIRECT LABOR 

Introducti on 

Indirect labor costs are those which are not 

identifiable with the production of specific goods but 

are applicable to production activities generally. Indirect 

labor costs consist of the labor costs in service depart

ments, such as purchasing, engineering, and timekeeping; 

and labor costs of certain workers in the producing depart

ments, such as foremen and clerical assistants and auxiliary 

labor, such as for storeroom, factory office, and 

maintenance. 

• If indirect labor requirements are going to be 

estimated by dividing the costs into the two component 

parts of fixed and variable costs, there will be a problem 

of selecting an appropriate factor of variability for each 

department. For example, one department may use direct 

labor hours and another may use machine hours. The factor 

must measure fluctuations in the activity which cause 

indirect labor costs to vary. An example will be selected 

for this chapter which uses direct machine hours. 

^Robert I. Dickey, editor. Accountants' Cost 
Handbook (2nd ed.; New York: The Ronald Press Company, 
1960), p. 6-2. 
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The two techniques which will be used in this 

chapter to analyze the relationship between indirect labor 

costs and direct machine hours are: (1) a hybrid graphic 

method, and (2) a statistical method. The graphic 

method involves the use of a scatter-graph in order to 

determine visually the fixed and variable components of 

indirect labor costs. The analysis involves the prepara

tion of a graph with indirect labor costs on the vertical 

Y axis and machine hours on the horizontal X axis. His

torical data are plotted on it and a visual trend line by 

inspection is drawn through the plotted points. The point 

at which the trend line intersects the vertical Y axis 

called the "Y intercept" indicates the fixed costs, and the 

slope of the trend line as computed represents the variable 

cost rate of indirect labor costs. The principal weakness 

is the lack of objectivity in drawing the trend line, as 

no two persons will construct the same trend line through 

the points. But with the use of one of the normal ecjuations 

for the statistical method of least squares, it is possible 

to draw a line through the set of points by the graphic 

method such that the margin of error is generally minor 

for the purpose intended. Since this method is a combina

tion of the usual graphic method of fitting a straight 

line by inspection and one of the normal ecjuations of the 

statistical method, it will be referred to as a hybrid 

graphic method. This hybrid graphic method has been used 
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for several years by this writer both in teaching and in 

practice and has been found to be both practical and 

useful. 

The statistical method of least squares will be 

the second method used in this chapter for fitting a 

straight line through a set of points. Three very important 

properties of this method are: (1) the sum of the devia

tions of the points from the line are zero, (2) the sum 

of the squares of the deviations are less than the sum of 

the squares from any other straight line, and (3) the 

ecjuation passes through the arithmetic mean of both the 

dependent Y variable and the independent X variable. The 

third property will be used in the hybrid graphic method. 

The advantage of the statistical method over the 

hybrid graphic method is its objectivity. The hybrid 

graphic method is subject to some judgment decision on 

the part of the analyst as to its position and slope. It 

will be shown in this chapter that this advantage is minor 

by comparing the final equations by the two methods. 

An example for determining the relationship of 

indirect labor costs and direct machine hours will be 

selected and presented in this chapter to accomplish the 

following objectives: 

^Glenn A. Welsch, Budgeting; Profit Planning and 
Control (2nd ed.; Englewood Cliffs, N.J.: Prentice-Hall, 
Inc., 1964), p. 222. 
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1. To determine a cost function which will divide 

the total estimated indirect labor costs into fixed and 

variable costs. 

2. Compute the coefficient of correlation to 

determine if the relationship as expressed by a linear 

ecjuation is sufficiently close enough to unity. 

3. Compute the standard deviation for the line 

of regression, so a confidence interval can be computed 

with upper and lower control limits for budgeted costs 

of indirect labor. 

4. Compute the confidence intervals for the fixed 

and variable costs of indirect labor costs with a prob

ability of reliability. 

5. Change the budget function from a deterministic 

model to a probabilistic model. 

6. Compute a confidence interval for the direct 

machine hours. 

7. Determine if direct machine hours for any 

given month needs to be investigated. 

8. Construct a probability region so there is a 

given probability that actual costs will occur in that region, 

That region can also be called the probability budget region. 

A Budget Function for Indirect Labor Costs 

Attempts have been made to classify all expenses 

into one of the two types: fixed and variable. One more 
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point should be made. A formula which expresses the inherent 

tendency of a cost to vary may consist of both fixed and 

variable elements, but no attempt should be made to identify 

the individual items which have been charged into the 

expense account as being either fixed or variable. The 

formula is simply a mathematical concept, a way of express

ing in a formula the behavior characteristics of a type 

of cost. It is a mathematical ecjuivalent of a line on a 

chart; no separate accounts are kept and no distinction is 

made in the ledger of the fixed and variable elements of 
3 

the formula. 

Table 11 gives the necessary basic data for com

puting the budget function for indirect labor costs. 

Column 1 gives the direct machine hours, and column 2 gives 

the indirect labor hours. Perfect linearity is not 

required for practical considerations. Approximate 

linearity is sufficiently accurate so long as sound manage

ment decisions can be based upon the analysis. 

The budget function is given at the bottom of 

Table 11, and shov/s that fixed costs are $191.85 and that 

the variable costs per direct machine hours are $0.01504. 

The prpper interpretation of the fixed costs of $191.85 

^Walter R. Bunge, Managerial Budgeting for Profit 
Improvement (New York: McGraw-Hill Book Company, 1968), 
p. 52. 
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is that this is the average amount of total indirect labor 

costs which does not vary with direct machine hours in 

the interval of 15 to 45 direct machine hours, which are 

the smallest and largest number of direct machine hours 

shown in Table 11, column 1. Also, the proper interpre

tation of the variable costs is that this is the average 

rate of increase of indirect labor costs per direct 

machine hours in the interval of 15 to 45 direct machine 

hours. 

The line of regression can be called a "moment," 

that is an arithmetic mean value function. It should be 

noted that in Table 11, column 7, the sum of the devia

tions of the observed values of (Y) from the computed 

value of (Y) equals zero; that is, £(Y - Yc) = 0, which 

is one of the properties of an arithmetic mean. The 

second property that the sum of the squares of the devia

tions will be less than the sum of the squares from any 

other straight line is used in Table 11, column 8, to 

determine the standard error of estimate, which can be 

called the "second moment" from the line of regression. 

The second property is also another property of the 

arithmetic mean. Therefore, the interpretation of the 

fixed costs and variable costs as "mean values" is in 

accordance with the "Theory of statistics." 

A common but erroneous interpretation of the fixed 

costs is that it is the amount of costs which must be 
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incurred when direct machine hours are zero. This erroneous 

misunderstanding may come from the simple mathematical 

interpretation of the value of the dependent variable Y 

when the independent variable X is zero. 

A Hybrid Graphic Method 

To determine a linear regression which will show 

the relationship between indirect labor costs and direct 

machine hours by the hybrid graphic method, the first step 

is to prepare a scattergraph. This is done by plotting 

all of the ordered pair of observations for the twelve 

months from column 1 and 2 of Table 11, and shown in 

Figure 3. 

The next step is to determine at least one point 

which is representative of all the ordered set of points. 

This can be done by use of one of the normal equations 

for fitting a linear regression line to a set of ordered 
4 

pair of observations. The two normal equations are: 

I L Y = N a + b i:x 

II SXY = a Zx + b SX^ 

If the first normal equation is divided by N 

2Y = a + b ZX 
N N 

Howard L. Balsley, Introduction to Statistical 
Method (Totowa, N.J. : Littlefield, Adams & Co., 1967), 
p. 175. 
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Graphic Cost Analysis—Indirect Labor 

Fig. 3.—probability Budget Function 
for Indirect Labor 
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and this is equal to: Y = a + b X, which means that the 

line must pass through the center of the ordered pair of 

numbers, which is (X, Y) . This point will also be the 

center of our probability region. The mean of the X's 

in this problem is 35.17, and the mean of the Y's is 721, 

from the bottom of Table 11. 

The next step is to compute the slope of the 

line, which will represent the rate of increase of indirect 

labor costs to direct machine hours. This can be accom

plished by using (X,Y), and the "Y intercept" which is the 

estimated amount of fixed costs, which can be read from 

Figure 3 as $190. 

$721 - $190 = $15 per 1,000 machine hours. 
3 5 - 0 

The final regression equation by using a hybrid 

graphic method is: Y = $190 + $15 X. The hybrid graphic 

is very close to the statistical method shown at the 

bottom of Table 11 as: 

Y = $191.85 + $15.04 X 

The Coefficient of Correlation 

To compute the coefficient of correlation use is 

5 made of the following formula.^ 

Murray R. Spiegel, Theory and Problems of 
Statistics (New York: Schaum Publishing Company, 1961), 
p. 245. 
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r = NEXY - LX LY 

V (NEX^ - (SX)^ (N2Y^ - (2Y)^ 

r = (12)(321,425) - (422)(8,650) 

V (12(15,986)-(422)^) (12(6,596,250)-(8,650)^) 
r = 0.85 

Generally, the following ratings of correlation 

coefficients will be found useful: (1) if the correlation 

coefficient (r) is greater than .90 a high degree of 

correlation exists, (2) an (r) between .80 and .90 is 

considered "good" correlation, and (3) an (r) between 

.60 and .80 indicates that some degree of correlation is 

probably present. The above coefficient of correlation 

(r) is 0.85, so a "good" degree of correlation between 

direct machine hours and indirect labor costs exist; 

therefore, the assumption of linearity is reasonable. 

The Standard Deviation from the 
Line of Regression 

The variance of Y given X, assumed to be the same 

for all X's, is estimated by the mean squared deviation 
7 

about the line; that is, by: 

Balsley, p. 184. 

"̂ David V. Huntsberger, Elements of Statistical 
Inference (Boston, Mass.: Allyn & Bacon, Inc., 1961), 
p. 197. 

(^ ^ 
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(y.x) Ŝ x̂r ^\ = g(Y - Yc) 
N-2 

The total of column 8, Table 11, gives the values for the 

above formula. 

S^y.x) = 1 1 ^ = 1'175 S(y.^) = \/l7r75"= 34.3 

The standard deviation then is the square root of the 

variance. 

Now, in order to determine the confidence interval 

about the line of regression, use will be made of the 

Student's t table because there are only 10 degrees of 

freedom in the above formula. For 10 degrees of freedom, 

a 10% level of significance and using a two-tail test, 

the Student's t value is 1.81. 

The confidence interval is then (34.) (1.81) = 

+ $62.10. In comun 7, Table 11, there is only one value 

greater than $62.10 and that is for the month of October, 

which is -$63.00. The indirect labor costs deviated from 

the expected costs for October by a statistically signifi

cant amount and should be investigated even though it is 

under the expected costs. 
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The Confidence Interval for Fixed Costs 

The variance of the estimator (a) of the regression 

equation, which is the fixed costs of the budget function, 

8 
is determined by the use of the following formula. 

^2 
S (a) S^(y.x) 

1 
N + 

x2 

= 1,175 

2 —2 
EX - N X 

1,237 J, + 
12 15,986 - 12(1237) 

S^a) 

1,175 (0.083 + 1.083) 

1,370 Ŝ ĝ j =Vl'370 = 37 

In order to determine the confidence interval for 

fixed costs, the t-distribution and 10 degrees of freedom 

are used because the (a) and (b) are based on the sum of 

squares of deviations from a regression equation that had 

10 degrees of freedom. The Student's t value of 10 degrees 

of freedom and a 10% level of significance is 1.81 for 

a two-tail test. 

For the worked example, the 90% confidence inter

val for fixed costs is (37)(1.81) = + 66.97. The lower 

and upper limits are: 

. L(l) = $191.85 - $66.97 = $124.88 

L(2) = $191.85 + $66.97 = $258.82 

8 Ibid., p. 197. 
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Trtie test of significance which is of importance here is 

to test the hypothesis that the estimator (a), which is 

the fixed costs of the budget function, is equal to a 

specified value (A). Under the null hypothesis (Ho) 

test: A = Ao, the function 

t = a - Ao 

S(a) 

9 
has a t-distribution with n-2 degrees of freedom. In 

this case, the hypothesis that (A) is equal to zero is of 

interest, for if this is so the regression equation passes 

through the origin, v;hich means that the amount of fixed 

costs computed in this problem are not statistically 

significant. By substitution into the above formula 

test Ho: A=0. 

t = $191.85 - 0 = 5.19 
37 

The t value for 10 degrees of freedom and a 10% 

level of significance is 1.81. Since the computed t value 

of 5.19 is greater than the tabular t value of 1.81, the 

null hypothesis is rejected that A = 0. This means that 

the amount of fixed costs of $191.85 are statistically 

significant. 

^Ibid., p. 199. 
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The Confidence Interval for Variable Costs 

The estimated variance of the regression coeffi-

(y.x) 
2 

cient (b) is the estimate of variance S (^ ^\ divided 

by the sum of the squares for X. 

S^b) = s2(y,^j 
2 —7 

EX -NX'' 

Ŝ /x-N = 1,175 = 1,175 = 1.0288 
^^ 15,986 - 12(1,237) 1,142 

(b) = \/i: 0288 =1.01 

Again, the t value of 1.81 will be used for a two-

tail test. For the worked example, the 90% confidence 

interval for variable costs is: (1.01)(1.81) = + 1.83. 

The lower and upper limits are: 

L(l) = $15.04 - $1.83 = $13.21 

L(2) = $15.04 + $1.83 = $16.87 

Again, the test of significance which is of 

importance here is to test the hypothesis that the esti

mator (b) which is the rate of increase in variable costs 

per direct machine hours is equal to a specified value (B) 

Under the null hypothesis (Ho) test: B = Bo the function 

^^Ibid., p. 197. 
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t = b - Bo 

^(b) 

has a t-distribution with n-2 degrees of freedom. 

In this case, the test is to determine whether or 

not there is a linear association between the variables, 

for if there is not, there is nothing to be gained by 

using direct machine hours to forecast the required amount 

of indirect labor costs. By substitution into the above 

formula Ho is tested: B = 0. 

t = $15.04 - 0 = 14.89 
1.01 

Since the computed t value of 14.89 is much greater than 

the tabular t value of 1.81, the null hypothesis is rejected 

that B = 0. The conclusion is a linear relationship exists 

between direct machine hours and indirect labor costs and 

that the rate of $15.04 of indirect labor costs per 

thousand of direct machine hours is statistically 

significant. 

The Budget Function as a probability Model 

Using the confidence intervals and levels for the 

fixed costs and variable costs, the expected total costs 

with its control limits given direct machine hours per 

thousand are: 

•̂'•Ibid., p. 198. 
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B(Y) = $191.85 + ($66.97) + $15.04 + ($1.83) X 

at the 90% confidence level. 

When actual indirect labor costs are greater than 

or less than the above budget function B(Y) for a given 

number of direct machine hours (X), there exists a sta

tistically significant deviation from budgeted costs and 

should be investigated to determine possible reasons for 

such deviations. 

. The Confidence Interval for Direct Machine Hours 

The formula to be used for computing the standard 

12 deviation of the direct machine hours (X) is: 

(x) X^ - N (X)^ 
N 

(x) = \ / 15,986 - 12(35.17)^ = \ / 1,142 

(X) 10.2 

To determine a confidence interval for direct 

machine hours, it would be necessary for management to 

determine a decision rule such as the following example. 

Management wants a confidence interval of 70%. This 

Interval can be referred to as the relevant range for 

direct machine hours. Using 11 degrees of freedom and a 

^^Spiegel, p. 71. 
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significance level of 30%, the t value in the t table is 

1.088 for a two-tail test. The confidence interval is 

(10.2)(1.088) = + 11.09. The lower and upper limits are: 

L(l) = 35.17 - 11.09 = 24.08 (1,000) direct 

L(2) = 35.17 + 11.09 = 46.26 machine hours. 

This interval is shown in Figure 3 by two vertical dotted 

lines. 

To determine if the number of direct machine hours 

for any given month should be investigated, look at 

Figure 3 to find the three months, June, July, and August, 

are outside of the control limits for direct labor hours. 

There could be a very reasonable reason for this condition 

since they are all summer months, and it may be that pro

duction is usually low in the summer. Since the total 

costs for all three months are within the upper and lower 

costs control limits, the costs would not need to be 

investigated. 

Determination of the Probability Region 

The probability region is shown in Figure 3 

enclosed in solid lines. The probability actual costs 

and production for a given month will fall within that 

region is a joint probability distribution. The prob

ability that direct machine hours will be within its 

control limits was previously selected as 70%. The 
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probability that indirect labor costs would fall within 

its limits was previously selected as 90%. Hence the 

probability region is (.70)(.90) = .63. The probability 

is 63% of the time costs and actual production can be 

expected to fall within this region. 

This region or any subset of this region could be 

called the probability budget region in two dimensions. 

An important property of this kind of budgeting is manage

ment will know what the probabilities are of production 

and costs being within the budget. This information should 

help management in setting reasonable goals and objectives 

in budget planning and controlling. 

^ 



CHAPTER VIII 

FACTORY OVERHEAD 

Introduction 

Factory overhead consists of indirect supplies, 

indirect labor, and many other factory expense items 

such as power, water utilities, insurance, taxes, and 

depreciation. The major problems with factory overhead 

are: 

1. Allocating the total costs to departments or 

costs centers, then to products for the purpose of inven

tory valuation and profit and loss determination. 

2. Planning, controlling, and analyzing the many 

expense items. 

This chapter will establish a method for analyzing 

the deviations of actual costs from the predetermined budget 

costs. In order to be able to analyze the deviations in a 

meaningful way, both budget and standard costs will need 

to be determined by statistical methods so that an assur

ance which is a combination of precision and reliability 

can be established. 

Standard Costs 

Standard costs are predetermined costs of manu

facturing a single unit or a number of units during a 

96 
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given period of time. Standard costs are based on current 

and normal conditions of efficiency and volume. A 

standard is usually stated in terms of specific items, 

such as hours of labor required, pounds of material, or 

hours of machine time. One standard cost of concern in 

this chapter will be the standard direct labor hours 

required to produce a unit of production. 

In a previous chapter on direct labor, it was 

stated that a point and interval estimate with a given 

probability should be used. For example, the standard 

number of hours for a unit to be produced is 2 hours + 

6 minutes, or 2 + 0.10 hours, 90% of the time. If the 

actual direct labor hours are outside of the precision 

interval of 114-126 minutes, the deviation would be sta

tistically significant and should be investigated. 

Standard costs have many uses; some of them are 

as follows: 

1. Planning costs for the budget. 

2. promoting and measuring operating efficiencies. 

3. Controlling and reducing costs. 

4. Estimating costs of an operation or product. 

5. Pricing inventories. 

6. Aid in the analysis of the deviation between 

the budget and actual costs. 

^ 
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This chapter will be concerned in using standard costs as 

an aid in the analysis of deviations between the budget 

and actual costs of factory overhead. 

Standards should be scientifically established as 

accurately as possible. When there is any material change 

in operating procedure, a reexamination of previous 

established standards may need to be made. The most 

effective standards are usually set by the industrial 

engineering department on the basis of a careful study of 

relevant facts and conditions. Standards are usually 

computed and used for a year or longer. The year is usually 

the twelve months used for profit determination. The two 

overhead standards of concern in this chapter v/ill be: 

1. The standard factory overhead expense rate. 

2. The standard number of direct labor hours to 

produce one unit of finished product. 

The Standard Factory Overhead Expense Rate 

A predetermined overhead rate provides the only 

reasonable method of computing product overhead costs on 

a current basis. Many factory overhead expenses are paid 

in advance or at one time during a year; an example is 

property insurance, which is usually paid in advance only 

once a year. In order to allocate this and other expenses 

to production for the year, an overhead rate must be 

/ ^ ^ 
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determined and used. The types of overhead rates used 

are different from company to company and also in some 

cases from department to department within the same 

company. 

There are at least five main factors which can 

influence the selection of an overhead rate. 

1. Base to be used. 
a. Units of production. 
b. Materials cost. 
c. Direct labor costs. 
d. Direct labor hours. 
e. Machine hours. 

2. Activity level to be used. 
a. Normal capacity. 
b. Expected actual capacity. 

3. Inclusion or exclusion of fixed overhead items. 
a. Absorption or full costing. 
b. Direct or variable costing. 

4. The use of a single rate. 
a. Plant-wide or blanket rate. 
b. Department rate. 
c. Cost center rates.-

d. Operational rates. 

The factors which will be used in this chapter are: 

(1) direct labor hours, (2) normal capacity, (3) full 

costing, and (4) single rate. 

The calculation of a factory overhead rate involves 

at least the three following steps: (1) the total factory 

overhead is estimated, (2) the individual factory expenses 

are classified as fixed or variable, and (3) the base units. 

Adolph Matz, Othel J. Curry, and George W. Frank, 
Cost Accounting (4th ed.; Cincinnati, Ohio: South-Western 
Publishing Company, 1967), p. 126. 

r 
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costs, or hours to be used as the independent variable in 

establishing a factory rate are estimated. The most 

difficult of the above steps is to classify any expense 

account into its fixed and variable components. 

The statistical method of least squares was used 

in a previous chapter on indirect labor. A probability 

budget function for indirect labor costs was determined. 

The expected total indirect labor costs, given direct 

machine hours per thousand, was: 

B(Y) = $191.85 + ($68.78) + $15.04 + ($1.83) X 

at the 90% confidence level. This procedure should be 

used on each expense in the factory overhead classifica

tion which has both fixed and variable components. Those 

expenses which are fixed need to be estimated for the 

normal level of production with a given assurance. In 

order to have a probability budget function for the total 

factory overhead expense account, it will be necessary 

to use the same base unit, such as direct labor hours for 

each sub-account. 

Assume that the above procedure is used and the 

factory overhead probability budget function is: 

B(Y) = $6,000 + ($400) + $1 + ($0.08) X 

at the 90% level of confidence. The next step is to 

estimate the expected level of production expressed in 

terms of direct labor hours. Let it be assumed that 

12,000 direct labor hours are expected to be used. Then 

^ .•l.',HJil»HII1IJ« * " % 
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the total factory overhead is estimated as: 

E(Y) = $6,000 + $1 (12,000) = $18,000. 

The factory overhead rate is $18,000 -• 12,000 hours = 

$1.50 per direct labor hour. The total rate can be 

divided into $0.50 for fixed and $1 for variable as 

follows: 

Fixed expenses $ 6,000 = $0.50 per hour. 
12,000 

Variable expenses $12,000 = 1.00 per hour. 
12,000 

Expected capacity rate $1.50 per hour. 

Analysis of Factory Overhead Deviations 

Factory overhead may be applied to work-in-process 

on a weekly, monthly, at the end of the year, or after 

the completion of work or project period. Most of the 

time factory overhead is applied to work-in-process at 

the end of the month by the use of the factory overhead 

applied rate of $1.50 per direct labor hour. 

Debits to the factory overhead expense control 

account are for actual expenses incurred during the month. 

Credits to the factory overhead expense control account 

are for applied expenses to work-in-process by the use of 

the factory overhead applied rate. At the end of any 

given month, it is rare that the two are equal; there is 

usually a debit or credit balance. A debit balance 

indicates that overhead has been underapplied, and a 

r 
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credit balance means that overhead has been overapplied. 

This balance should be carefully analyzed as a source of 

information needed by management for determining efficiency 

of operations. 

To illustrate a statistical analysis of factory 

overhead deviations, assume the following information: 

1. The probability budget function is: 

B(Y) = $6,000 + ($400) + $1 + ($0.08) X 

at the 90% confidence level, where Y is the 

budgeted factory overhead costs and X is 

direct labor hours for one year. 

2. Expected level of production is 12,000 direct 

labor hours for the budget year. 

3. Factory overhead rate is $1.50 per direct 

labor hour. 

4. standard number of direct labor hours to pro

duce one unit of finished product is: 

2 + (0.10) hours, 90% of the time. 

5. Actual number of units of finished products 

produced is 5,500. 

6. Actual number of direct labor hours used 

is 11,400. 

7. Actual amount of overhead expenses is $18,540. 

8. Then the amount of applied overhead expenses 

would be: 
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$1.50 times 11,000 hours = $16,500 

Actual overhead expenses = 18,540 

Underapplied overhead = $ 2,040 Unfavorable 

Table 12 shows the above underapplied overhead of 

$2,040 deviation divided into four separate deviations. 

By using the probability budget function of this chapter 

and the standard number of direct labor hours to produce 

one unit of finished product, it will be possible to 

determine if any of the deviations are statistically 

significant or not. 

An analysis of each deviation shown in Table 12 

is as follows: 

1. The spending deviation of $1,140 is significant 

because the variable rate of $1.10 is greater than the 

maximum variable rate of $1.08 in the probability budget 

function. 

2. The efficiency deviation of $400 in the 

variable section and the efficiency deviation of $300 

in the fixed section are not significant; not because of 

the dollar amount but because the number of hours used to 

produce 5,500 units of finished products were less than 

the maximum standard hours to produce 5,500 units. 

Maximum standard hours to produce 5,500 units are: 

2.1 hours times 5,500 units = 11,550 hours. 

actual hours used = 11,400 hours. 

hours under the upper limit = 150 hours. 

r 
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3. The idle capacity deviation of $300 in the 

fixed section is not significant because the confidence 

interval of fixed costs in the probability budget function 

was + ($400) at the 90% confidence level. 

4. The controllable deviation of $1,540 which is 

the sum of the spending and variable efficiency deviation 

is significant because ($0.08)(11,000) = $880 which is 

less than $1,540; this means the controllable deviation 

is outside of its control limits of $880. 

5. The volume deviation of $500 is significant 

because the confidence interval of fixed costs in the 

probability budget function is + ($400) at the 90% level. 

The difference of $2,040 between actual factory 

overhead expenses incurred and the amount applied to 

work-in-process was divided into four separate deviations 

as follows: 

Four Deviation Method 
1. The controllable deviation. 

a. The spending deviation. 
b. The variable efficiency deviation. 

2. The volume deviation. 
a. The idle capacity deviation. 

b. The fixed efficiency deviation.^ 

The controllable deviation is the difference between 

actual expenses incurred and the budget allowance based on 

standard hours for work performed. The controllable 

deviation consists of variable expenses only and is usually 

^Ibid., p. 607. 

C ^ 
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the responsibility of the foremen of the department. The 

controllable deviation can be divided into a price and a 

quantity deviation. 

The price deviation is usually called the "spending 

deviation" and is the difference between actual expenses 

incurred and the budget allowance based on actual hours 

worked ((actual rate - budget rate) x actual hours = 

spending deviation). if the actual rate is greater than 

the budget rate, the foreman has paid an average price 

which is higher than the budget price for items in the 

factory overhead expense account. 

The quantity deviation of the controllable devia

tion is usually called the "variable efficiency deviation" 

and is the difference between the actual hours and the 

standard hours for work performed multiplied by the 

variable budget rate ((actual hours - standard hours) x 

budget rate = variable efficiency deviation). If the actual 

hours are more than the standard hours for work performed, 

this could be caused by inefficiencies in the use of labor, 

inexperienced labor, or changes in operations. 

The volume deviation is the difference between the 

budget allowance at the expected level of production and 

the standard number of hours for the work performed 

multiplied by the fixed overhead rate ((budget hours -

standard hours) x fixed budget rate). The volume deviation 

consists of fixed expenses and indicates the costs of 

r 
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capacity available but not used efficiently and is usually 

considered the resjjonsibility of top management. The 

volume deviation is a cjuantity deviation only. The volume 

deviation can be divided into an "idle capacity deviation" 

and a "fixed efficiency deviation." 

The idle capacity deviation is the difference 

between the budget allowance at the expected level of 

production and the actual hours worked multiplied by the 

fixed budget rate ((budget hours - actual hours) x fixed 

budget rate). The idle capacity consists of fixed expense 

only and, therefore, the responsibility of top management. 

VWien the expected level of production is determined, at 

least tv70 factors are used to determine that level, and 

they are the expected sales volume plus the inventory 

recjuirement. This relationship was described in detail in 

the chapter on production planning and controlling. There

fore, idle capacity can be caused by depressed sales con

ditions and/or by a reduction in inventory. 

The fixed efficiency deviation is the difference 

between the actual hours and the standard hours for work 

performed multiplied by the fixed budget rate ((actual 

hours - standard hours) x fixed budget rate). The fixed 

efficiency deviation consists of fixed expenses only and, 

therefore, the responsibility of top management. But 

since the fixed efficiency deviation indicates how effec

tively or ineffectively a foreman has employed available 

( ^ ^ 
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capacity, the foreman must share some of the responsibility 

with top management for any unfavorable deviation. 

In Figure 4, all of the deviations for Table 12 

are shown. The first function to determine and draw is 

the budget function: Y = $6,000 + $1 X. The second 

function to determine and draw is the budget applied 

function: Y = $1.50X. It can be noted that these two 

functions intersect at the costs of $18,000 and 12,000 

direct labor hours. This can be proved as follows: 

$1.50 X = $6,000 + $1 X 

$0.50 X = $6,000 

X = 6,000/.50 = 12,000 Hours. 

Then (12,000)(1.50) = $18,000 Costs. 

This point is the expected value for the costs variable 

and the direct labor hours variable. It can be noted that 

in the upper half of Figure 4 all deviations are measured 

from the budget function. The difference between the 

actual costs of $18,540 and the budget costs of $17,400 

for the actual number of direct labor hours of 11,400 is 

$1,140, which is the spending deviation. The company paid 

a higher unit price on the average for factory overhead 

items than that which were planned for in the budget. 

The difference between the budget costs of $17,400 

for 11,400 direct labor hours and the budget costs of 

$17,000 for 11,000 direct labor hours is $400. The 

difference of $400 measures the variable efficiency part 
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of the use of direct labor hours in producing 5,500 units 

of finished product. The difference between the budget 

costs of $17,000 and the applied costs of $16,500 for 

11,000 labor hours is $500. The difference of $500 

measures the volume deviation which was planned and expected 

in the budget and the standard volume of direct labor 

hours used, in order to show the detail of this volume 

deviation, the fixed part of the burden applied function 

is: Y=$0.50Xas shown in the lower half of the figure. 

The difference between the budget costs of $6,000 at 

12,000 labor hours and the budget costs of $5,700 at 

11,400 labor hours is $300. The difference of $300 

measures the idle capacity of the plant. The difference 

between the budget costs of $5,700 at 11,400 labor hours 

and the budget costs of $5,500 at 11,000 labor hours is 

$200. The difference of $200 measures the fixed efficiency 

part of the use of direct labor hours in producing 5,500 

units of finished products. 

Analysis of Fixed Costs 

Fixed costs are those items in the factory over

head expense account which remain constant or essentially 

constant irrespective of changes in volume or activity. 

In planning and decision making, it is useful to recognize 

at least three categories of fixed costs: 

r 
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Caretaker costs: Costs not subject to change 
unless sufficient time is provided to permit 
adjustment of physical capacity, such as 
depreciation. 

Enabling costs: Costs necessary to provide 
operating capacity within certain volume 
ranges but subject to change if volume is 
expected to be outside the given volume 
range, such as supervision. 

Discretionary costs: Costs which have no 
cause-and-effeet relationship to current 
volume but are fixed by management decisions, 
usually when operating plans are approved, 
such as consultants fees.^ 

Caretaker costs will continue even if company 

operations are temporarily closed down. Some examples are 

depreciation, taxes on real estate and equipment, and 

executive salaries. 

Enabling costs are related to a relevant range of 

activity. These costs introduce "steps" into the fixed 

costs function in addition to the variable costs associated 

with increased production. For example, one foreman may 

be sufficient to supervise the work of a department up 

to a certain point of production. With additional produc

tion requiring additional labor, a second foreman may have 

to be added, a situation which can repeat itself at higher 

levels of production within certain intervals. 

Gordon Shilling lav/. Cost Accounting Analysis and 
Control (Rev. Ed.; Homewood, Illinois: Richard D. Irwin, 
Inc., 1967), p. 61. 
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Discretionary costs do not have any relationship 

to current volume. Many of them may be incurred to 

obtain future sales, such as some kinds of advertising, 

research and development, legal and accounting fees, and 

market research. Management may allocate funds to these 

activities on the basis of anticipated sales volume, but 

this does not establish a cause-and-effeet relationship. 

The characteristics of fixed costs are: (1) fixed 

amount within a relative output range, (2) decrease of 

fixed costs per unit with increased output, (3) assignment 

to departments often made by managerial decisions or 

costs allocation methods, and (4) control for incurrence 

rests with top management. Whether or not an expense is 

classified as fixed or variable may be the result of 

managerial decisions. For example, depreciation on a 

straight line basis is a fixed expense while depreciation 

on a unit-of-production is a variable expense. 

The budgeting and controlling of fixed costs pre

sents certain problems not encountered with variable costs, 

Some of these are summarized as follows: 

1. Fixed costs are the result of commitments 
practically all of which extend beyond the 

. budget period; hence, an allocation of these 
costs must be made as between periods. 

2. Decisions must be made as to what portion of 
the fixed costs, allocated to a particular 

4 
Matz, Curry and Frank, p. 31. 
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period, is to be absorbed by the production 
of that period. 

3. The responsibility for fixed costs is usually 
with major production executives, whereas 
the responsibility for variable costs usually 
falls upon minor production executives. 

4. Rigid control can be exercised over the fixed 
expenditures, whereas the variable expenditures 
must be flexible.^ 

The general idea seems to be that because a portion of 

factory expenses are fixed rather than variable, they 

are not controllable except by management decisions. This 

idea could be wrong in two ways. The first way is that 

just because some of the factory expenses do not vary with 

changes in production, the expenses are fixed or constant 

costs. By the use of the uniform probability function and 

a Chi-square test in Table 13, it can be determined whether 

or not there is a statistical significant amount of vari

ability in a given factory expense account. In the second 

place, statistical control limits can be determined and 

used even if the expense is considered fixed. 

Testing the Fit of a Uniform Distribution 

The Test: 

1. Hypothesis: H(o): The amount of a given 

expense is uniformly distributed by quarters 

for a year. 

^J. Brooks Heckert and James D. Willson. Business 
Budgeting and Control (3rd ed.; New York: The Ronald Press 
Company, 1967), p. 266. 
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Quarters 

1 

2 

3 

4 

CHI--SQUARE 

1 

^(i) 

$80 

90 

110 

120 

$400 

TABLE 

TEST OF A 1 

13 

UNIFORM 

Columns 
2 3 

e 

$100 

100 

100 

100 

$400 

(X-e) 

-20 

-10 

10 

20 

DISTRIBUTION 

4 

(X-e) 2 

400 

100 

100 

400 

$1,000 

5 

(X-e) 2 
e 

4 

1 

1 

__4 

10 

2. Level of significance: a = .05. 

3. Degrees of freedom = 3. 

4. Testing statistic: Chi-Scjuare. 

5. Decision rule: H(o) shall be rejected if the 

computed Chi-Scjuare value is greater than 7.82. 

6. Decision: Reject H(o) since the computed 

Chi-square value of 10 is greater than 7.82 

and falls in the rejection region. This con

clusion means that the above factory expense 

has a statistical amount of variability in it; 

therefore, it is not uniformly distributed. 

Hence, the above expense is not a constant cost. Since the 

above factory expense was shown to have a significant 

^^ 
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amount of variability, it would seem that control limits 

should be established for the account. 

To compute the standard deviation of the above 

expense account, use can be made of the total of column 4, 

Table 13, of $1,000 and the following formula.^ 

S = \ / 2(X - X)^ = \ / 1,000 = \ / 250 = 15.8 

Then the standard error of the mean is given by the 

following formula. 

S- = _ ^ = 15.8 = 15.8 =7.9 

Using the t-distribution and 3 degrees of freedom 

at the 10% level of significance and a two-tail test, the 

t value is (2.35). For the example, the 90% confidence 

interval is (7.9)(2.35) = $18.57. The lower and upper 

limits are: 

L(l) = $100,000 - $18.57 = $81.43. 

L(2) = $100,000 + $18.57 = $118.57. 

If for any given quarter this expense account is above 

or belov/ the control limits, an investigation should be 

made to determine the reason for the significant deviation 

from the expected value of $100. 

^Howard L. Balsley, Introduction to Statistical 
Method (Totowa, N.J. : Littlefield, Adams & Co., 1967), 
p. 85. 

"̂ Ibid., p. 119. 
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Measuring the Importance of Deviations 

Conventional cost accounting and budgeting pro

cedures show budget and actual costs and the deviation 

between the two. However, for effective costs control 

it is necessary to do two tests. The first is to determine 

if the deviation is significant; this was done in the 

analysis of overhead deviation section of this chapter. 

The second test is to measure the importance of the devia

tion. If under the first test a deviation is found to be 

statistically significant, but the amount of the deviation 

is less than the costs to investigate the deviation, it 

may not be economical to investigate. Also, if a deviation 

is large in absolute amount and is not significant at the 

5% level, but the probability of a deviation of that amount 

occuring times the amount of the deviation is greater than 

the costs to investigate, there is a possibility of realizing 

a savings of costs by investigating the deviation. In 

order to establish an objective test to measure the impor

tance of deviations, a decision function must be derived 

which takes into consideration the costs to investigate 

the difference between budgeted costs and actual costs. 

• To measure the importance of a deviation, there 

are two factors to consider: (1) the probability signifi

cance, and (2) the economic significance. A cost control 
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decision chart and table which incorporates both of these 

two factors will be used in this chapter. 

A measure of deviation importance will help to 

aid management by exception and serve the following purposes 

1. Minimize the time spent on investigating 

deviations. 

2. Minimize the costs of investigations. 

3. Aid in the establishment of better costs and 

budget controls. 

The two types of deviations which are favorable 

and unfavorable should be investigated. Investigations 

should serve to identify unusual events of capable per

formance as well as poor performance. 

The actual probability limits used to determine 

when action should be taken must be set by management. 

The decision rule must consider the two types of errors: 

1. The Type I error is an error of investigating 

a deviation caused by normal random influences. 

2. The Type II error is an error of not investi

gating a deviation caused by abnormal influences. 

The purpose of establishing the decision rule will be to 

minimize the loss of the errors: (1) investigating a 

deviation or (2) not investigating a deviation. The first 

step is to budget the costs for the expected level of 

activity in terms of the two parameters: (1) the expected 

costs and (2) the standard deviation of the cost item. 
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The next step is to search for a decision guide in order 

to determine whether or not a given deviation should be 

Investigated. Table 14, which is the conditional costs 

for unfavorable deviations, will aid in the establishment 

of the decision rule. 

Let: C = Costs of investigating. 

L = Loss of not investigating which will be 

defined as the amount of the unfavorable 

deviation, 

p = Probability that the deviation was caused 

by normal random influences. 

(1-pi) = Probability that the deviation was caused 

by abnormal influences. 

0 = Costs of not investigating a normal situation. 

The three cases from Table 14 to be considered 

are as follows: 

1. If C is greater than L(l-p), then do not 

investigate. 

2. If C is less than L(l-p), then investigate. 

3. If C is equal to L(l-P), this is the critical 

value. 

In case 1 and 2 above, the decision is easy to make; however, 

in case 3 the decision maker is uncertain. The probability 

function p(c) that establishes the equality in case 3 

is the critical probability function. To solve for p(c) 

set: C = L(l-p) = Lp - L, then pL = L - C, and then 
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TABLE 14 

CONDITIONAL COSTS FOR UNFAVORABLE DEVIATIONS 

True Situation 

Normal Abnormal 

Probability 

Investigate 

Do not investigate 

P 

C 

0 

(1-p) 

C 

L 

The expected costs to investigate is: 

C(p) + C(l-p) = Cp + C - Cp = C 

The expected loss of not investigating is: 

0(p) + L(l-p) = L(l-p) 

Source: Harold Bierman, Jr., Lawrence E. Fouraker, 
and Robert K. Jaedicke, Quantitative Analysis 
for Business Decisions (Homewood, 111.: 
Richard D. Irwin, Inc., 1961), p. 119. 

p(c) = L - C = 1 - C for L equal to or greater than C. 
L L 

It is necessary for L to be ecjual to or greater than C; 

otherwise, the critical probability would have a negative 

value. 

The division of a probability space into investi

gate and do not investigate region depends on the estimate 

of C and L. If C is some fixed charge and L is the amount 

of the unfavorable deviation of the expenditure, then 
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p is a function of L. The probability function p(c) 

has the two limits (0) and (1). 

Limit L - C = 1 Limit L - C = 0 
L — > « L L->C L 

Therefore, p(c) is equal to or greater than 0 and ecjual 

to or less than 1. Now if C is the costs of investigating 

a deviation and is $65, then the investigate decision 

chart can be constructed using the function p(c) = 1 -

65/L. 

In order to construct a decision function, the 

following information is needed. Let the standard devia

tion be $50 for some given expense account and the budget 

costs be $1,000 with the actual costs being $1,065. Let 

A be the condition that the deviation is unfavorable, then 

the probability of A = P(A) = .50, since the assumed 

distribution is symmetrical. Let B be the ratio of the 

difference between actual costs and budget costs to the 

standard deviation; B is the number of standard deviations 

from the mean. 

B = Actual Costs - Budget Costs 

Standard Deviation of the Costs 

B is the number of standard deviations the unfavor

able deviation is from the budget, using the budget as the 

expected costs for the period. The probability of an 

unfavorable deviation of B standard deviations or more is 

the single tail probability for a normal distribution, 

that is, P(AB') = (.50 - p(B)), where B' is read "B prim.e." 
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B* is the complement of B, and is sometimes referred to 

as the "region of rejection" of a null hypothesis. 

Then the conditional probability of a deviation 

of (L) dollars or more is the probability of B' given A 

and is computed as follows. 

P(B'IA) = P(AB') 
P(A) 

Since B by the above formula is: 

B = $1,065 - $1,000 =1.30 standard deviations. 
$50 

By using the standard normal curve, 1.30 standard 

deviations is ecjual to .403 of the area of the normal curve 

contained in the interval of 1.30 standard deviations from 

the center. 

Then P(AB') = .50 - .403 = .097 

and P(B'IA) = .097 = .194 

.500 

Other probabilities on the decision function are 

calculated and shown in Table 14, column 5. Both the 

critical probability function and the decision function 

are plotted and shown in Figure 5 from column 5 and 6 of 

Table 14. 

The decision function P(B'IA) in Figure 5 and 

Table 15, column 5, used a standard deviation of $50 as 

shown in Table 15, column 2, for some given expense account 

There would be a different decision function for each 

expense account which had a different standard deviation. 
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Probabilities 

95 100 
LOSS 

p(c) = 1 - 65/L Critical probability function. 

P(B'IA) = P(AB') = Decision function. 

P(A) 

Decision Rule: 

1. If the function p(c) is less than the function 

P(B'IA) then do not investigate the deviation. 

2. If the function p(c) is equal to or greater than 

the function P(B'IA) then investigate the deviation 

Fig. 5.—Investigate Decision chart 
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TABLE 15 

DECISION FUNCTION AND CRITICAL 
PROBABILITY FUNCTION 

1 

Loss 

65 

70 

75 

80 

85 

90 

95 

100 

2 

B= 
L* 50 

1, 

1. 

1. 

1, 

1. 

1, 

1, 

2, 

,30 

.40 

.50 

.60 

.70 

.80 

.90 

.00 

3 

P(B) 

.403 

.419 

.433 

.445 

.455 

.464 

.471 

• 477 

Columns 
4 

P(AB')= 
.50-P(B) 

.097 

.081 

.067 

.055 

.045 

.036 

.027 

.023 

5 

P(B'IA) = 
.50-P(B) 
* .50 

.194 

.162 

.134 

.110 

.090 

.072 

.058 

.046 

6 

p(c) = 

1 - 65/L 

.000 

.071 

.133 

.188 

.235 

.278 

.316 

.350 

It can be noted that in Figure 5 and Table 15, line 3, 

where the loss is $75 that the value of the function p(B'IA) 

of column 5 is .134 which is approximately equal to the 

value of the function p(c) of column 6, Table 15, of .133; 

therefore, when an expense account has a standard deviation 

of $50, then all unfavorable deviations of $75 or more 

must be investigated to minimize the expected loss of the 

acts: (1) investigating a deviation or (2) not investi

gating a deviation. In Table 15, column 5, is a measure 
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of Type I error and column 6 is a measure of Type II 

error; therefore, this decision rule can be used by manage

ment to minimize the expected loss of Type I and Type II 

errors. 

The decision model previously presented should 

only be used if the costs of investigating the difference 

between budgeted costs and actual costs is a factor to be 

considered by management. If management considers the 

costs to investigate to be "nil" because they think that 

this should be a regular part of the budget analyst duties, 

the critical probability function, which is column 6, 

Table 15, would be 1.00 on each line. A critical prob

ability of 1.00 would mean that every unfavorable deviation 

should be investigated. However, if an additional person 

will need to be hired for this job, his salary is the 

costs of investigating, then it might cost more than the 

possible savings realized by investigating. Therefore, 

the costs to investigate must have some reasonable rela

tionship to the possible savings in costs realized by 

investigations before this decision model can be used. 

8 Q 

In their book and article,^ Bierman, Jr., 

Fouraker, and Jaedicke showed only the critical probability 

8 Bierman, Jr., Fouraker and Jaedicke, p. 121. 

%arold Bierman, Jr., Lawrence F. Fouraker and 
Robert K. Jaedicke, "A Use of Probability and Statistics 
in Performance Evaluation," Accounting Review, XXXVI, 
No. 3 (July, 1961), 409-417. 
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function of Figure 5. They did not show the decision 

function or try to determine the relationship between the 

two as this study did in Table 15, column 5 and 6. Also, 

they did not try to determine the break-even point between 

the two acts: (1) investigating a deviation or (2) not 

investigating a deviation. 

^ 



CHAPTER IX 

SUMMARY 

Nonmanufacturing Expenses 

This study, as stated in the limitations and scope 

paragraph of Chapter I, has been limited to some of the 

major income and expense accounts for a manufacturing 

enterprise. However, budget and costs planning and con

trolling problems are not restricted to factory operations. 

Service organizations, government agencies, department 

stores, and private nonprofit institutions need to budget 

and control costs. Even in manufacturing firms, many 

departments perform nonmanufacturing functions. 

The term nonmanufacturing activities covers from 

research and development through marketing and product 

distribution to accounting, finance, and administrative 

activities. Each of these activities has its own set of 

unicjue problems in budgeting and controlling income and 

expenses. 

Manufacturing a certain product recjuires the use of 

the same or similar machinery for each unit of production; 

but, in marketing the product, a company may use many 

different channels of distribution ranging from direct 

distribution to a complex marketing system. Advertising 

may be local, regional, national, or international. A 
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company may find that a change in market conditions recjuires 

a change in its channels of distribution. Once a factory 

is established, it is not likely that a change in its 

manufacturing technicjues will occur very frecjuently; 

therefore, standards and budgets for a particular machine 

do not require much revision. However, standard costs and 

budgets must be revised with every major change in the 

distribution system. Management can control many factory 

expenses, such as direct labor hours, nurnber of machines 

operated, and units of production; but management can not 

tell v/hat the customer will do. The customer is the con

trolling factor in the area of marketing and distribution. 

A statistical study could be made of nonmanufacturing 

activities similar to this study of manufacturing activities; 

but this might require a different classification of expenses, 

other than fixed and variable. One classification which 

might be used is as follows: 

1. Repetitive service activities. 
2. Diversified service activities. 

3. Independent program activities. 

Repetitive service activities are functions for 

which units of output can be identified; examples include 

Adolph Matz, Othel .J. Curry, and George W. Frank, 
Cost Accounting (4th ed.; Cincinnati, Ohio: South-Western 
Publishing Company, 1967), p. 734. 

2 
Gordon Shillinglaw, Cost Accounting Analysis and 

Control (Rev. ed.; Homewood, Illinois: Richard D. Irwin, 
Inc., 1967), p. 481. 
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selling, warehousing, billing, packing, and shipping. 

One possible base which may be used as a measure of output 

for these expenses is gross sales dollar value. 

The output of an activity can often be measured 

in many different ways; this means the budget analyst has 

to decide which unit of measure best suits his particular 

need. In general, the best unit of measure is the one 

that correlates most closely with variations in the 

recjuired output. 

Diversified service activities are determined 

largely by the recjuirements of other activities and their 

units of output are varied, nonstandard, and changing; 

examples include the executive personnel, office managers, 

secretaries, and accountants. Even if it were possible 

to measure the output of the secretarial work in terms of 

number of letters typed, each letter would be of different 

length or recjuire a different amount of time to type it. 

Therefore, there is little hope of standardization in terms 

of units of output. 

Independent program activities depend to a large 

extent on being self-justifying. Output cannot be measured 

in terms of physical work units, but must be measured in 

terms of the expected benefits to be derived from the v;ork 

done; examples include research and development, marketing 

research, and some types of advertising. Independent 

programs may be classified as project and as continuous. 
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If a patent is the result of a research and development 

project, then all costs may be capitalized in the costs of 

accjuiring the patent. If research and development are a 

continuing activity in order to improve existing products, 

then costs could be expensed in the year in which they 

occur. 

Budgeting and costs control technicjues in the non-

manufacturing activities are not as well developed as those 

used in the factory, one possible reason, other than those 

already mentioned, is that costs standards and cost account

ing were first developed in the factory and applications 

to other areas have been slow. The area of budgeting and 

costs control for nonmanufacturing expenses would recjuire 

another study, which would be outside the scope of this 

study; therefore, this study will not include nonmanufac

turing expenses or costs. 

The Foundation of a Probability Profit Budget 

The hypothesis of this study, as stated in the 

first chapter, was that the theory of probability and 

statistics can be applied to the preparation, control, and 

analysis of a profit budget in a manner that gives expected 

values and a probability interval for income and expenses 

in the profit budget. The foundation of a profit budget 

was explained in Chapter II as a profit plan. The profit 

plan was defined as a predetermined course of action 
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involving forecasting future action within the organiza

tional structure under conditions of uncertainty and risk. 

This definition of a profit plan led to the consideration 

of preparing a probability profit budget under conditions 

of uncertainty and risk. 

Prior attempts made to reduce uncertainty and risk 

in the preparation, control, and analysis of profit budgets 

have been by the use of flexible budgets. The preparation 

of a flexible budget results in the construction of a 

series of formulas, one for each income, cost, and expense 

account. The objective of the formulas is to separate a 

given cost or expense account in a fixed amount, which 

remains constant for a given range of activity and a 

variable amount, which varies in total more or less in 

direct proportion to sales or production volumes. 

The flexible budget is usually shown at four 

different levels of activity, such as the 80%, 90%, 100%, 

and 110%. The 100% level is usually called the normal 

level of production. There is not any indication as to 

whether or not the normal level of production is the 

arithmetic mean, mode, or some other measure of central 

tendency. Therefore, deviations from normal could only be 

classified as favorable or unfavorable. 

Starting with the above stated objective of a 

flexible budget, a probability profit budget was developed. 

A set of income and expense accounts was selected, such 

>r=.'.JJ». ! ' N 
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as sales, production, inventory, direct labor, indirect 

labor, and factory overhead of the profit budget, where it 

is believed statistical probability can be used. A chapter 

was written on each of these selected accounts. One of 

the objectives of each chapter was to test the hypothesis 

that the expected value with a probability interval for 

the account could be determined on a cjuarterly basis and 

for the budget year. 

Chapters III, IV, and V on sales, production, and 

inventory planning and controlling were functionally 

related through the recjuirement that the expected value of 

the change in inventory equals the expected value of the 

production function minus the expected value of the sales 

function. The objective was to minimize changes in inven

tory and production. 

Chapter VII on indirect labor was devoted to 

developing a probability budget function for one of the 

major expense accounts in the factory overhead account. 

This same procedure can be used for developing a prob

ability budget function for factory overhead by selecting 

an appropriate factor of variable. This study used units 

of direct labor hours as the independent variable. One of 

the major objectives was to compute the confidence intervals 

for the fixed and variable expenses of a probability budget 

function for factory overhead. The accomplishment of this 

objective made it possible then to establish a statistical 
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method for analyzing the deviations of actual costs from 

the predetermined budget costs for factory overhead. 

In Chapter VIII, using a probability budget function 

and a factory overhead rate for fixed and variable expenses, 

it was possible to divide the difference between applied 

overhead and actual overhead into the four deviations of 

spending, variable efficiency, idle capacity, and fixed 

efficiency. With the confidence intervals for the fixed 

expenses and variable expenses and a probability level as 

developed in chapter VII, it was possible to analyze these 

deviations to determine whether or not they were statis

tically significant. Another major contribution of 

Chapter VIII was to measure the importance of deviations, 

taking into consideration the costs to conduct investiga

tions of deviations. Given the costs to investigate the 

objective was to minimize the expected loss of the two 

types of acts: (1) investigating a deviation or (2) not 

investigating a deviation. 

A probability Profit Budget 

With the previous foundation laid, a probability 

profit budget can now be prepared and presented in 

Table 16. Starting with Table 2, column 12, 13, and 14, 

which shows the probability sales budget by cjuarters and 

the total for the year, we transfer the totals of the 

three columns to Table 16, columns 1, 2 and 3, which show 
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units of sales. Using an assumed selling price of $12 

a unit, the dollar values for the lower limit, expected 

value, and upper limit were determined. 

Purchases came from Table 9, Chapter V, and pro

duction came from Table 7, Chapter IV. It can be noted 

that the totals of these two probability budgets are the 

same, because one of the objectives of the method of 

inventory planning and controlling in chapter V was to 

functionally relate purchases of raw material and use of 

raw material in production, so that the amount of raw 

material inventory at the beginning and end of the year 

would be the same with changes in the inventory level 

during the year at a minimum. 

Direct labor units are budgeted by using the example 

given in Chapter VI; the historical ratio of direct labor 

hours to the number of units produced can be developed 

in such a way that a point and an interval estimate with 

a given probability can be determined. The example was 

the standard number of hours for a unit of production be 

stated as 2 + 0.10 hours, 90% of the time. Using the 

standard of 2 hours of direct labor per unit, the total 

number of direct labor hours are determined by multipling 

the number of units produced by two. The total costs of 

direct labor are then determined by using an assumed rate 

of $2 an hour times the estimated number of direct labor 

hours. 
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Manufacturing expenses are budgeted by using the 

same budget function used in chapter VIII. The budget 

function was B(Y) = $6,000 + ($400) + $1 + ($0.08) X 

at the 90% level of confidence, where Y is the budgeted 

factory overhead expenses and X is the direct labor hours 

for the year. The fixed costs for the year are $6,000, 

and the variable expenses per direct labor hour are $1. 

The initial and final inventory of finished goods 

were priced at the standard costs of $8 a unit, which 

are equal to the costs of production ($48,000 * 6,000 units) 



CHAPTER X 

CONCLUSIONS AND RECOMMENDATIONS 

Introduction 

Accounting is concerned with communicating the 

effects of economic events—past, present, and future— 

to a wide variety of persons who will use the information 

in different ways and for diverse purposes. Generally, 

users of accounting information vash it to be helpful: 

(1) in evaluating performance and position, (2) in planning 

and controlling activities, and (3) in choosing among 

alternative courses of action. 

The first of the above roles has been performed by 

the presentation of information in the "Balance Sheet" and 

"Income Statement." The second role is usually performed 

through the "Budget" and "Standard Cost Accounting." The 

third role is usually performed through "Cost Analysis." 

The first and third role deal with events which are of 

the past and present; the second deals with the future. 

It has been with the second role of "Budgets" with which 

this dissertation has been concerned. 

^Edward S. Lynn, "Education and Professional 
Training," The Journal of Accountancy, CXVIII, No. 6 
(December, 1964), 79-83. 
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In preparing estimates of future events, determin

istic models of budgeting are used in more situations in 

the current literature and in practice than probabilistic 

models. A survey of the literature for budgeting shows 

that flexible budgets are prepared using a deterministic 

cost function, in these sources, the budget is usually 

shown at four different levels of activity, such as at the 

80%, 90%, 100%, and 110%. The 100% level is usually 

defined as the normal level of production. There is not 

any indication as to whether this normal level of activity 

is the arithmetic mean or mode or some other measure of 

central tendency. Therefore, deviations from normal can 

only be classified as favorable or unfavorable. This 

method does not utilize any of the new techniques for 

decision-making. 

Notable among the current practice of preparing 

budgets is the assumed precision of single-value numbers 

once the numbers have been selected and placed in the 

budget. A numerical forecast for a dozen different items, 

listed on a single page and totaled at the bottom, conveys 

the impression that all of the numbers are valid with a 

reasonable and equal degree of certainty; this is probably 

far from the truth. Some of the numbers are overly 

optimistic and some are overly pessimistic; some have been 

arrived at with a great deal of sound research as a basis, 

while others have been determined hastily and arbitrarily. 
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Except in representing the count of a number of discrete 

things, numbers do not describe as precisely as is usually 

assumed. There is available a tool which helps to give 

uncertain numbers more meaning in presenting business 

forecast and data. This tool can be described as the 

theory of probability. Every number presented in the bud

get should be stated with assurance, where assurance means 

a combination of the terms precision and reliability. 

The number estimated should be the "expected value" which 

is the mean of the probability distribution curve.^ 

New Techniques for Decision-Making 

The key to today's most disturbing economic problem 

is that of effectively administering the acquisition, 

utilization, and disposition of economic resources for the 

good of society by making the best decisions. Generally, 

accounting has served well in the past in providing the 

information for decision-making purposes. However, mathe

matics and statistics have improved their methods to such 

a degree that they now provide measures to aid management 
3 

in certain types of decision-making. 

^Marvin J. Kolhoff, "Probability Approach to 
Planning and Budgeting," National Association of Accountants 
Bulletin, XL, No. 9 (May, 1959), 77-78. 

Clyde T. Suttle, Jr., "The Controller Meets 
Statistics," National Association of Accountants Bulletin, 
XLIV, No. 9 (May, 1963), 19-26. 
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The accountant, both private and public, should 

be prepared for a high level of competence in the new 

techniques for decision-making. The tools in the quantita

tive area that should be included in the accountant•s 

sphere of activity are as follows: 

1. Probability technicjues 
a. Probability theory 
b. probability distribution 

2. Statistical technicjues 
a. Sampling 
b. Factorial analysis 
c. Correlation and regressions analysis 
d. Analysis of variance 

3. Programming technicjues 
a. Queuing theory 
b. Information theory 
c. Game theory 
d. Linear programming 

4. Simulation technicjues 
a. Model building 
b. Monte Carlo technicjues 

5. Scheduling techniques 
a. Critical path method (CPM) . 

b. Program evaluation and review technique (PERT) 

Many of these tools are cjuite complicated in their theory 

and recjuire a comprehensive mathematical background if they 

are to be understood and used. However, in the budgeting 

area, the two most useful tools of those listed are prob

ability and statistical technicjues; these two will be 

discussed in the following paragraphs. 

4 
Franklin A. Lindsay, New Technicpies for Management 

Decision Making (New York: McGraw-Hill Book Company, Inc., 
1958), pp. 11-83. 
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Two Interpretations of Probability 

Probability is a statistical area including a 

number of technicjues for evaluating the possibilities and 

patterns of chance occurrences and the degree of effort 

needed to control them within pre-established limits. 

There are several interpretations of probability, in 

both the objective and subjective. In the case of objec

tive probability, the probability assignment is made on 

definitive historical information and common experience 

and is interpreted as the relative frecjuency of the event 

in the long run under a constant cause system. In contrast 

to this interpretation is subjective probability. For 

decision-making purposes, the subjective interpretation 

is frecjuently required, since reliable objective evidence 

is not available. Under this interpretation of probability, 

any probability is necessarily an expression of a personal 

judgment and is therefore subjective in the sense that two 

reasonable men may assign different probabilities to the 
5 

same event. However, reasonable men assign probabilities 

to events based on their experience with the events. When 

two reasonable men have had roughly the same experience 

with certain kinds of events, they assign roughly the same 

^Suttle, Jr., pp. 19-26. 
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probabilities in most instances.^ This theory of subjective 

probability allows the businessman to assign probabilities 

to those events on which his experience and judgment bear 

most directly. 

Statistics as a Management Tool 

Modern statistics is an important tool for solving 

many management problems. A modern statistician can make 

a very important contribution to the success of an enter

prise. E. Bright Wilson, Professor of Chemistry at 

Harvard, defines the function of statistics as follows: 

It is the purpose of statistical analysis to provide 
methods of treating data so that the maximum infor
mation can be obtained with a predetermined risk of 
drawing false conclusions. No method of analysis 
can extract more information from a set of data than 
is contained therein, and no method, statistical or 
otherwise, can draw conclusions from experimental 
data with zero risk of error. The use of statistical 
methods is based on the reasonable assumption that 
accepted principles of logic and probability should 
produce correct answers more often than guessing."̂  

The two general areas where statistics can serve 

as a management tool are in the collection of data in the 

most efficient manner and in drawing conclusions from it. 

Data collection in the statistical manner usually involves 

sampling and the making of inferences from the sample. 

Robert Schlaifer, Probability and Statistics for 
Business Decisions (New York: McGraw-Hill Book Company, 
Inc., 1959), pp. 15-17. 

7 
Lindsay, p. 12. 
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Sampling will often involve the design of tests and 

experiments to produce additional needed information not 

contained in reports and records collected in the normal 

course of business. 

In the field of data collection the statistician 

can: 

1. Set up sampling programs so that the maximum 
of useful data can be collected at minimum 
cost and effort. 

2. Design testing programs involving the simul
taneous interaction of many different factors 
and indicate the way these factors should be 
varied in order to yield the most information. 

3. Reduce or eliminate bias in his data by the 
way he designs the data collection programs 
and by careful testing of the data collected. 

Through data analysis the statistician can estab

lish the nature and relationships that may be suspected to 

exist among the various factors affecting the outcome of 

an actual situation under study. More specifically, the 

statistician can perform these functions: 

1. He can state the degree of confidence one can 
have in the answers he produces. For example, 
he may state that the conclusion drawn from 
analyzing a sample has a 95% chance of being 
within 10% of the real answer. 

2. He will be able to reduce to any desired level 
the risk of drawing false conclusions. 

3. He will often be able to predict the prob
ability of each of several possible outcomes 
for a future event. 

^Ibid., pp. 12-14 
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4. He will be able to conclude whether a rela
tionship probably exists between two factors 
or whether an apparent relationship is more 
probably due to simply to chance.9 

In performing these services, the statistician makes use 

of numerous technicjues. 

Education for Accounting 

If the new technicjues for management decision

making are going to be included in the domain of the 

accountant, his education must be a continuing process. 

Our society and our industry are constantly changing. 

Those who would be successful professional accountants in 

the future must be formally schooled to meet those changes. 

The committee on the Education of the Accountant 

of the College of Measurements of the Institute of Manage

ment Sciences, composed of Neil Churchill, CPA, Charles T. 

Horngren, CPA, and Peter A. Firmin, CPA, made a study and 

a report which was published in the Journal of Accountancy, 

December, 1964. In this report, they discussed education 

for accounting at the following four successive levels 

of competence: 

1. General awareness of topic area; recognition 
of and sensitivity to problem areas; knowledge 
of the existence and scope of relevant pro
fessional literature. 

2. Knowledge of alternative courses of action 
or of solutions to problems in area. 

^Ibid., pp. 12-14 
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3. Ability to analyze problem areas and to select 
appropriate solutions to these problems. 

4. Ability to implement or administer the problem-
solving activity, possession of a high level 

of technical competence and creativity.^^ 

The required core of education for an accountant discussed 

in the report cannot be attained within the framework of 

a Bachelor's degree curriculum at the university level. 

Within the framework of a Bachelor's and Master's 

degree, the committee recommends the following six academic 

years to the various subject matter content discussed in 

their report. 

1. General education 50% 

2. Mathematics, statistics, and 

electronic data processing 12̂ $% 

3. Business core subjects, including 

behavioral science and environ

mental courses 25% 

4. Accounting 12^^ 

The committee held that the education of an accountant 

should rest scjuarely upon a firm foundation of general 

education in arts and sciences. In the area of mathematics, 

methods of analysis, now classified as "operations research" 

or "management science," must become the concern of 

Edward S. Lynn, jed., "Education and Professional 
Training," The Journal of Accountancy, CXVIII, No. 6 
(December, 1964), 79-83. 
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accountants. The committee said the accountant needs a 

background in statistics that emphasizes the mathematical 

theory of probability and sampling theory, it was expected 

that a substantial proportion of the accountants' work 

will be concerned with hypothesis testing, analysis of 

variance, and other technicjues of statistical data analysis. 

The committee concludes its report with the comment that 

priority must be given at the undergraduate level to 

general education and to education in mathematics, sta

tistics, and behavioral sciences. 

Conclusions 

A summary of the major conclusions of this study 

is presented below: 

1. In the planning and controlling activities 

where budgeting and standard cost accounting are used to 

deal with the future under conditions of risk and uncer

tainty, present practices and procedures are making only 

limited use of the theory of probability and statistics. 

2. Present practices of preparing flexible budgets 

using a deterministic cost function for three or four 

different levels of activity with a 10% interval do not 

provide necessary information for budget and costs analysis. 

3. Present budget procedures make only a limited 

use of the statistical techniques of correlation and 

regression analysis. 
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4. The present definition that fixed costs are 

those items which remain essentially constant with changes 

in volume or activity is not adequate for purposes of 

budgeting and costs control. 

5. Conventional budgeting and cost accounting 

procedures do not provide a method of measuring the sta

tistical or economic importance of difference between 

budgeted and actual costs. 

6. Budgeting and costs control technicjues in the 

nonmanufacturing activities are not as well developed as 

those which are and can be used in the manufacturing 

activities. 

Recommendations 

A summary of recommendations of this study is 

presented below. The first six recommendations were used 

in this study; the last two recommendations would recjuire 

another additional research and study. 

1. In preparing budgets and in establishing cost 

accounting standards, the theory of probability and sta

tistics should be used in order to give uncertain numbers 

more meaning in presenting business forecast and data. 

2. Budgets should be prepared using a probability 

budget function such as the one used in Chapter VI and 

Chapter VIII. It would then be possible to determine if 
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any of the differences between budgeted costs and actual 

costs are statistically significant or not. 

3. Correlation and regression analysis should be 

used whenever it is desirable to determine the relationship 

between two activities and to estimate confidence intervals 

with a given probability for each parameter in the stated 

relationship. 

4. For those items which do not vary with changes 

in volume or activity, a Chi-Scjuare test with a uniform 

distribution should be made to determine if there is a 

significant amount of variability with respect to time. 

If the test shows the expense account is not uniformly 

distributed and therefore not a constant cost, budget and 

costs control limits should be established for that 

account. 

5. A costs control decision chart and/or table 

should be determined for major expense accounts in order 

to minimize the loss of the two errors: (1) investigating 

a deviation or (2) not investigating a deviation. 

6. Each major income and expense account in a 

profit budget should be determined in accordance with the 

theory of probability and statistics so that confidence 

intervals with a given probability can be established. 

7. A study should be made in the nonmanufacturing 

activities to determine possible uses of the theory of 

r 'lH'i'lil. " 
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probability and statistics for budgeting and costs 

control. 

* 8. The new techniques for decision-making in the 

quantitative area should be included in the accountants' 

sphere of activity. 
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Cliffs, N.J. : Prentice-Hall, Inc., 1960. 

Heckert, J. Brooks, and Willson, James D. Business 
Budgeting and Control. 3rd ed. New York: The 
Ronald Press Company, 1967. 

Heiser, Plerman C. Budgeting, Principles and practice. 
New York: The Ronald Press Company, 1959. 

Huntsberger, David V. Elements of Statistical Inference. 
Boston, Mass.: Allyn & Bacon, Inc., 1961. 

Irwin, Patrick H. How to Make a Profit Plan. Ontario, 
Canada: The Society of Industrial and Cost 
Accounts of Canada, 1961. 

149 



150 

Lindsay, Franklin A. New Technicfues for Management 
Decision Making. New York: McGraw-Hill Book 
Company, Inc., 1958. 

Matz, Adolph; Curry, Othel J.; and Frank, George W. 
Cost Accounting. 4th ed. Cincinnati, Ohio: 
South-Western Publishing Company, 1967. 

Neuner, John j. w., and Frumer, Samual. Cost Accounting 
Principles and Practice. 7th ed. Homewood, 111.: 
Richard D. Irwin, Inc., 1967. 

Roy, Robert H., and MacNeil, James H. Horizons for a 
Profession. New York: American Institute of 
Certified Public Accountants, Inc., 1967. 

Schlaifer, Robert. Probability and Statistics for Business 
Decisions. New York: McGraw-Hill Book Company, 
Inc., 1959. 

Shillinglaw, Gordon. Cost Accounting Analysis and Control. 
Rev. ed. Homewood, 111.: Richard D. Irwin, Inc., 
1967. 

Spiegel, Murray R.. Theory and Problems of Statistics. 
New York: Schaum Publishing Company, 1961. 

Welsch, Glenn A. Budgeting; Profit Planning and Control. 
2nd ed. Englewood Cliffs, N.J.: Prentice-Hall, 
Inc., 1964. 

Articles 

Bierman, Harold, Jr.; Fouraker, Lawrence F.; and Jaedicke, 
Robert K. "A Use of Probability and Statistics 
in Performance Evaluation." Accounting Review, 
XXXVI, No. 3 (July, 1961). 

Evans, Marshall K. "Profit planning." Harvard Business 
Review, XXXVII, No. 4 (July-August, 1959). 

Jaedicke, Robert K., and Rodicheck, Alexander A. "Cost-
Volume-Profit Analysis Under Conditions of 
Uncertainty." The Accounting Review, XXXIV, No. 4 
(October, 1964). 

Kolhoff, Marvin J. "Probability Approach to planning and 
Budgeting." National Association of Accountants 
Bulletin, XL, No. 9 (May, 1959). 

k.. r 



151 

Lynn, Edward S. "Education and Professional Training." 
The Journal of Accountancy, CXVIII, No. 6 
(December, 1964). 

Suttle, Clyde T. "The Controller Meets Statistics." 
National Association of Accountants Bulletin, 
XLIV, No. 9 (May, 1963) . 

Taylor, Paul C. "Keeping the Sales Budget Current With a 
Small Dose of Statistics." National Association 
of Accountants Bulletin, XLI, No. 1 (September, 
1959). 

Zannetos, Zennon S. "Standard Costs as a First Step to 
Probabilistic Control: A Theoretical justification. 
An Extension and Implications." Accounting Review, 
XXIX, No. 2 (April, 1964). 

Unpublished Material 

Ferrara, William L., and Hayya, Jack C. "Toward Prob
abilistic Profit Budget." A paper presented at 
the 53rd annual meeting of The American Accounting 
Association at The University of Notre Dame, 
August, 1969. 

\ ( \ 



APPENDIX 

A. Selected Bibliography for Budgeting 

B. Selected Bibliography for Sales Forecasting 

C. Selected Bibliography for Inventory Control 

D. Selected Bibliography for Production Control 

E. Selected Bibliography for Control Charts and Graphs 

F. Selected Bibliography for Statistics 

G. Selected Bibliography for probability 

152 

r ^ 



153 

APPENDIX A: SELECTED BIBLIOGRAPHY FOR BUDGETING 

Books 

Bartizal, John R. Budget Principles and Procedure. 
Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1940. 

Dearden, John. Cost and Budget Analysis. Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1962. 

Evans-Hemming, D. F. Flexible Budgeting Control and 
Standard Cost. London, England: MacDonald and 
Evans, Lts., 1962. 

Hecker, J. Brooks, and Willson, James D. Business 
Budgeting and Control. 3rd ed. New York: The 
Ronald Press Company, 1967. 

Heiser, Herman C. Budgeting, principles and Practice. 
New York: The Ronald Press Company, 1959. 

Hofstede, G. H. The Game of Budget Control. Assen, The 
Netherlands: Koninklyke Van Gorcum and Company, 
N. v., 1967. 

Ijiri, Yuji. The Foundations of Accounting Measurement; 
A Mathematical, Economic and Behavioral Inguiry. 
Englewood Cliffs, N.J. : Prentice-Hall, Inc., 1967. 

Jones, Reginald L., and Trentin, H. George. Budgeting; 
Key to Planning and Control. New York; American 
Management Association, Inc., 1966. 

Knight, William D. , and Weinwurn, E. H. Managerial 
Budgeting. New York: The Macr>4illan Company, 1964. 

MacDonald, John H. Practical Budget Procedure. Englewood 
Cliffs, N.J. : prentice-Hall, Inc., 1946. 

Mattessich, Richard. Simulation of The Firm Through a 
Budget Computer Program. Homewood, 111.; Richard D, 
Irwin Company, Inc., 1964. 

Rautenstrauch, Walter, and Villers, Raymond. Budgetary 
Control. New York; Funk and Wagnalls Company, 
1950. 

Sinclair, Prior. Budgeting. New York; The Ronald Press 
Company, 1934. 

< ^ ~ ~ ^ 



154 

Sord, Burnard H., and Welsch, Glenn A. Business Budgeting. 
New York: Controllership Foundation, Inc., 1958. 

Stedry, Andrew C. Budget Control and Cost Behavior (Ford 
Foundation Doctoral Dissertation). Englewood 
Cliffs, N.J. : Prentice-Hall, Inc., 1960. 

Thomas, William E., ed. Readings in Cost Accounting, 
Budgeting and Control. American Accounting 
Association. 3rd ed. Cincinnati: South-Western 
Publishing Co., 1968. 

Welsch, Glenn A. Budgeting; profit planning and Control. 
Engelwood Cliffs, N.J.: prentice-Hall, Inc., 1964. 

Articles 

Baridon, F. E. "Profit and Loss Budget by Volume." 
National Association of Accountants Bulletin, 
XLII, Section 1 (November, 1960), 83-89. 

Hanson, Ernst I. "The Budgetary Control Function." 
The Accounting Review, XLI, No. 2 (April, 1966), 
239-43. 

Ijiri, Yuji; Charnes, A.; and Cooper, W. W. "Breakeven 
Budgeting and Programming to Goals." Journal of 
Accounting Research, I, No. 1 (Spring, 1963), 16-43 

. Kinard, J. C ; and Putney, F. B. "An 
Integrated Evaluation System for Budget Forecasting 
and Operating Performance with a Classified 
Budgeting Bibliography." Journal of Accounting 
Research, XI, No. 1 (Spring, 1968), 1-28. 

Levy, F.; and Lyon, R. "A Linear Programming 
Model for Budgeting and Financial Planning." 
Journal of Accounting Research, I (Autumn, 1964), 
198-212. 

Koltun, Allen B. "The Profit Approach to Budgeting." 
Management Services, II (September-October, 1965), 
47-52. 

Newman, Maurice S. "The Essence of Budgeting Control." 
Management Services, II, No. 1 (January-February, 
1965), 19-26. 



155 

Ryan, J. Dennis. "Profit Budgeting." Budgeting, XV, 
No. 4 (January-February, 1967), 13-16. 

Vazsonyi, Andrew. "Statistical Techniques for Financial 
Planning and Forecasting." Controller, XXV 
(May, 1957), 216-22, 244-48. 

Welsch, Glenn A. "Budgeting for Management Planning and 
Control." Journal of Accountancy, CXII (October, 
1961), 37-41. 



156 

APPENDIX B: SELECTED BIBLIOGRAPHY FOR SALES FORECASTING 

Books 

Dauten, Carl A. Business Fluctuations and Forecasting. 
Cincinnati, Ohio: South-Western Publishing 
Company, 1954. 

Enrick, Norbert Lloyd. Practice Tested Methods and 
Procedures. New York: Interscience, 1964. 

Newburn, Frank D. Business Forecasting: Principles and 
Practice. New York: McGraw-Hill Book Company, 
Inc., 1952. 

Reichard, Robert S. Practical Technicfues of Sales 
Forecasting. New York: McGraw-Hill Book Company, 
Inc., 1966. 

Tse, John Y. D. Profit Planning Through Volume-Cost 
Analysis. New York: The MacMillan Company, 1960. 

Wolfe, Harry Deane. Business Forecasting Methods. New 
York: Holt, Rinehart, and Winston, 1966. 

Wright, Wilson Edward. Forecasting for Profit, A 
Technique for Business Management. New York: 
John Wiley and Sons, Inc., 1947. 

Articles 

Ardner, J. Walter. "Sales Forecasting Methods and Their 
Place in Long-Range Planning." National Association 
of Accountants Bulletin, XXXIX, No. 12 (August, 
1958), 73-83. 

Knapp, Robert A. "Forecasting and Measuring with 
Correlation Analysis." Financial Executive, XXXI, 

• NO. 5 (May, 1963), 13-19. 

Grayson, John D. "Controller's Function in predetermining 
profit Through Forecasting." The Journal of 
Accountancy, XC (September, 1950), 216-19. 

Marple, Raymond P. "Combining the Forecast and Flexible 
Budgets." The Accounting Review, XXI (April, 
1946), 140-47. 

f 



157 

Moravec, Adolph F. "An Operations Research Approach to 
the Budget Forecast—A Case Study." National 
Association of Accountants Bulletin, XL, Section 1 
(JVine, 1959), 15-23. 

Sprouls, Clay R. "Using Statistics to Measure the Accuracy 
of Forecasts." National Association of Accountants 
Bulletin, XL, Section 1 (June, 1959), 71-76. 

r ^ 



158 

APPENDIX C: SELECTED BIBLIOGRAPHY FOR INVENTORY CONTROL 

Books 

Arrow, K. T.; Karlin, S.; and Scarf, H. Studies in the 
Mathematical Theory of Inventory and Production. 
Stanford; Stanford University Press, 1958. 

Brown, Robert G. Statistical Forecasting for Inventory 
Control. New York: McGraw-Hill Book Company, 
1959. 

Buchan, Joseph, and Koenigsberg, Ernst. Scientific 
Inventory Management. Englewood Cliffs, N.J.: 
Prentice-Hall, Inc., 1963. 

Fetter, Robert B. Decision Models for Inventory Management. 
Homewood, 111.; Richard D. Irwin, 1961. 

Magee, John F. Production planning and Inventory Control. 
New York: McGraw-Hill, 1958. 

Morse, Philip M. Queues, Inventories and Maintenance. 
New York; John Wiley and Sons, Inc., 1958. 

Naddor, Eliezer. Inventory Systems. New York; John 
Wiley and Sons, Inc., 1966. 

Prichard, James W., and Eagle, Robert H. Modern Inventory 
Management. New York; John Wiley and Sons, Inc., 
1965. 

Scarf, Herbert E. Multistage Inventory Models and Techniques 
Stanford, Cal.; Stanford University Press, 1963. 

Starr, Martin K., and Miller, David W. Inventory Control 
Theory and practice. Englewood Cliffs, N.J. ; 
prentice-Hall, Inc., 1962. 

Stockton, R. Stansbury. Basic Inventory Systems-Concepts 
and Analysis. Boston, Mass.: Allyn and Bacon, 
Inc., 1965. 

Wagner, Harvey M. Statistical Management of Inven'cory 
Systems. Operations Research Society of America. 
New York; John V7iley and Sons, Inc., 1962. 



159 

Articles 

Krai, Otto M. "Using Statistical Controls as an Accp\inting 
and Management Tool." National Association of 
Accountants Bulletin, XXXIX, No. 11 (JUly, 1958), 
11-18. 

Oravec, R. J. "Statistical Inventory Management." 
journal of Accountancy, CX, No. 6 (December, 1960), 
40-52. 

Shega, Michael, and Weinberg, Hyman. "Costs for Inventory 
Control and Production planning." National 
Association of Accountants Bulletin, XLV, No. 11 
(July, 1964), 3-12. 

^ 



m 

160 

APPENDIX D: SELECTED BIBLIOGRAPHY FOR PRODUCTION CONTROL 

Books 

Biegel, John E. Production Control: A Quantitative 
Approach. Englewood Cliffs, N.J.: Prentice-Hall, 
Inc., 1963. 

Bock, Robert H., and Holstein, William K. Production 
Planning and Control. Columbus, Ohio: Charles E. 
Merrill Books, Inc., 1964. 

Bowman, Edward H., and Fetter, Robert B. Analysis for 
Production and Operations Management. Homewood, 
111.: Richard D. Irwin, Inc., 1967. 

Buffa, Elwood S. Models for production and Operations 
Management. New York; John Wiley and Sons, Inc., 
1963. 

Donnelly, Austin. Profit Through Cost Analysis and Direct 
Costing. Sydney, Australia; Butterworth and 
Company, Ltd., 1965. 

Erskine, Louis Gillespie. Protect Your Profit Margins. 
New York: American Management Association, 1965. 

Greene, James Harnsberger. Operations planning and Control. 
Homewood, 111.: Richard D. Irv/in, 1967. 

Lewis, Bernard T., and Pearson, William W. Management 
Guide for Production Control. New York; Rider, 1960. 

Plosse, G. W., and Wright, O. W. Production and Inventory 
Control, Principles and Techniques. Englewood Cliffs, 
N.J. : Prentice-Hall, Inc., 1967. 

MacNiece, E. H. Production Forecasting Planning and Control. 
New York; John V7iley and Sons, 1957. 

Magee, John F. Production Planning and Inventory Control. 
New York; McGraw-Hill Book Company, Inc., 1958. 

Mayer, Raymond R. Production Management. 2nd ed. New 
York: McGraw-Hill Book Company, Inc., 1968. 

Moore, Franklin G. production Control. 2nd ed. New York; 
McGraw-Hill Book Company, Inc., 1959. 

X 



161 

Reinfeld, Nyles V. Production Control. Englewood Cliffs, 
N.J.: Prentice-Hall, Inc.,.1959. 

Starr, Martin Kenneth. Production Management, Systems 
and Synthesis. Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1964. 

Timms, Howard L. The Production Function in Business; 
Management Decision Systems. Homewood, 111.: 
Richard D. Irwin, 1962. 

Voris, William. The Management of Production. New York; 
Ronald press, 1960. 

. Production Control; Text and Cases. Homewood, 
111.: Richard D. Irv/in, 1956. 

( . . ^ ^ i ^ " 



162 

APPENDIX E: SELECTED BIBLIOGRAPHY FOR CONTROL CHARTS AND 

GRAPHS 

Books 

Francis, Ely. Using Charts to Improve Profits. Englewood 
Cliffs, N.J.: prentice-Hall, Inc., 1962. 

Haskell, Allan C. Graphic Charts in Business. New York; 
Cordex Book Company, 1928. 

Heide, John D. Industrial Process Control by Statistical 
Methods. New York; McGraw-Hill Book Company, 
Inc., 1952. 

Karsten, Karl G. Charts and Graphs. Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1925. 

Lutz, R. R. Graphic Presentation Simplified. New York; 
Funk and Wagnalls Company, 1949. 

Modley, Rudolf. How to Use Pictorial Statistics. New 
York: Harper and Brothers, 1937. 

Rice, William B. Control Charts in Factory Management. 
New York: John Wiley and Sons, Inc., 1947. 

Riggleman, John R. Graphic Methods for Presenting Business 
Statistics. New York; McGraw-Hill Book Company, 
Inc., 1936. 

Schmid, Calvin F. Handbook of Graphic Presentation. New 
York: The Ronald Press, 1954. 

Smart, L. Edwin, and Arnold, Sam. Practical Rules for 
Graphic Presentation of Business Statistics. 
2nd ed. Columbus, Ohio; Ohio State University, 
1951. 

Weld, Walter E. 
Graphs. 
1967. 

How to Chart; Facts From Figures With 
Norwood, Mass.: Cordex Book Company, 

^ 



163 

Articles 

Arnstein, William E., and Mack, Edgar A. "A New Approach 
to the Breakeven Chart." Management Services, I 
(March-April, 1964), 60-62. 

Burton, F. W. "Use of Charts for Budget Development." 
Controller, XXIV (September, 1956), 418-20. 

Doofe, Henry c. "The Profit Path as Seen Through The 
Budgetary Control Program." National Association 
of Accountants Bulletin, XLI, No. 3 (November, 
1959), 47-58. 

Ferrada, William L. "Breakeven for Individual Products, 
Plants, and Sales Territories." Management Services, 
I (JUly-August, 1964), 38-47. 

Goggans, Travis P. "Breakeven Analysis With Curvi-Linear 
Functions." The Accounting Review, XL, No. 4 
(July, 1960), 405-12. 

Neal, Dewey W. "Cost Control Charts—An Application of 
Statistical Technicjues." National Association of 
Accountants Bulletin, XLII, Section 1 (May, 1961), 
73-78 

Raun, Donald D. "The Limitations of Profit Graphs, Break
even Analysis and Budgets." The Accounting Review, 
XXXIX, No. 4 (October, 1964), 927-45. 

Spencer, Leland G. "The Profitgraph-Technicjues and 
Applications." National Association of Cost 
Accountants Bulletin, XXXVIII, Section 1 (December, 
1956), 493-507. 

Vickers, Douglas. "On the Economics of Breakeven." 
The Accounting Review, XXXV, No. 3 (July, 1960), 
405-12. 

Willson, James D. "Practical Applications of Cost-
• Volume-Profit Analysis." National Association of 

Accountants Bulletin, XLI, No. 7, Section 1 
(March, 1960), 5-18. 

r 



164 

APPENDIX F: SELECTED BIBLIOGRAPHY FOR STATISTICS 

Books 

Balsley, Howard L. Introduction to Statistical Methods. 
Totowa, N.J.: Littlefield, Adams & Co., 1967. 

Chou, Ya-lun. Statistical Analysis with Business and 
Economic Applications. New York; Holt, Rinehart 
and Winston, Inc., 1969. 

Croxton, Frederick E.; Cowden, Dudley J.; and Klein, 
Sidney. Applied General Statistics. 3rd ed. 
Englewood Cliffs, N.J.; Prentice-Hall, Inc., 1967. 

Edwards, Allen Louis. Expected Values of Discrete Random 
Variables and Elementary Statistics. New York; 
John Wiley and Sons, 1964. 

Ehrenfeld, Sylvain, and Littauer, Sebastain B. Intro
duction to Statistical Method. New York; McGraw-
Hill Book Company, Inc., 1964. 

Ekelblad, Frederick A. The Statistical Method in Business, 
Applications of Probability and Inference to 
Business and Other Problems. New York: John 
Wiley and Sons, Inc., 1962. 

Freeman, Harold. Introduction to Statistical Inference. 
Reading, Mass.: Addison-Wesley publishing Company, 
Inc., 1963. 

Guenther, William C. Analysis of Variance. Englewood 
Cliffs, N.J. : prentice-Hall, Inc., 1964. 

Concepts of Statistical Inference. New York; 
McGraw-Hill Book Company, Inc., 1965. 

Hacking, Ian. Logic of Statistical Inference. Great 
Britain: Cambridge University Press, 1965. 

Hoel, Paul G. Introduction to Mathematical Statistics. 
New York; John Wiley and Sons, Inc., 1954. 

Huntsberger, David V. Elements of Statistical Inference 
Boston, Mass.: Allyn and Bacon, Inc., 1961. 

y 

r 1 



165 

Jeffrey, R. c. The Logic of Decision. New York: McGraw-
Hill Book Company, Inc., 1965. 

Lewis, Edward E. Statistical Analysis in Economics and 
Business. Boston, Mass.: Houghton Mifflin 
Company, 1963. 

Mason, Robert D. Statistical Techniques in Business and 
Economics. Homewood, 111.: Richard D. Irwin, 
Inc., 1967. 

Mood, Alexander M., and Graybill, Franklin A. Introduction 
to the Theory of Statistics. New York: McGraw-
Hill Book Company, Inc., 1963. 

Moroney, M. J. Facts From Figures. Baltimore, Maryland: 
Pencjuin Books, 1963. 

O'Hara, John B., and Clelland, Richard C. Effective Use 
of Statistics in Accounting and Business. New York; 
Holt, Rinehart and Winston, 1964. 

Schlaifer, Robert. Introduction to Statistics for Business 
Decisions. New York: McGraw-Hill Book Company, 
Inc., 1961. 

Spiegal, Marray. Theory and Problems of Statistics. New 
York: Schaum Publishing Company, 1961. 

Walker, Helen, and Lev, Joseph. Statistical Inference. 
New York; Henry Holt and Company, 1953. 

Articles 

B.ierman, Harold, Jr. "Probability Statistical Decision 
Theory and Accounting." The Accounting Review, 
XXXVII, No. 3 (July, 1962), 400-405. 

Dopuch, Nicholas; Birnberg, Jacob G.; and Demski, Joel. 
"An Extension of Standard Cost; Variance Analysis." 
The Accounting Review, XLII, No. 3 (July, 1967), 

• 526-36. 

Gynther, R. S. "Improving Separation of Fixed and Variable 
Expenses." National Association of Accountants 
Bulletin, XLIV, No. 10 (June, 1963), 29-38. 



166 

Jauers, Donald A. "Statistical Significance of Accounting 
Variance." Management Accounting, XLIX, No. 2, 
Section 1 (October, 1967), 20-25. 

Jensen, Robert E., and Torben, Thomsen C. "Statistical 
Analysis in Cost Measurement and Control." 
The Accounting Review, XLIII, No. 1 (January, 
1968), 83-93. 

Luh, F. S. "Controlled Cost: An Operational Concept and 
Statistical Approach to Standard Costing." The 
Accounting Review, XLIII, No. 1 (January, 1968), 
123-32. 

Onsi, Mohamed. "Quantitative Models for Accounting Control." 
The Accounting Review, XLII, No. 2 (April, 1967), 
321-30. 

Suttle, Clyde T., Jr. "The Controller Meets Statistics." 
National Association of Accountants Bulletin, 
XLIV, No. 9 (May, 1963), 19-26. 

Troxel, R. B. "Variable Budgets Through Correlation 
Analysis—A Simplified Approach." National 
Association of Accountants Bulletin, XLVI 
(February, 1965), 48-55. 

r 



tr- •. 

167 

APPENDIX G: SELECTED BIBLIOGRAPHY FOR PROBABILITY 

Books 

Adler, Irvin. Probability and Statistics for Everyman. 
New York: The New American Library, 1963. 

Adler, Henry L., and Roessler, Edward B. Introduction 
to Probability and Statistics. 3rd ed. San 
Francisco; w. H. Freeman and Company, 1964. 

Arley, Niels, and Buch, K. Rander. Introduction to the 
Theory of Probability and Statistics. New York: 
John Wiley and Sons, Inc., 1950. 

Bass, J. Elements of Probability Theory. New York; 
Academic Press, 1966. 

Bharucha-Raid, Albert T. Probabilistic Methods in Applied 
Mathematics. New York: Academic Press, 1968. 

Borel, Emile. Elements of the Theory of Probability. 
Englewood Cliffs, N.J.; Prentice-Hall, Inc., 1965. 

Breiman, Leo. Probability. Reading, Mass.; Addison-
Wesley Publishing Company, 1968. 

Burington, Richard Stevens, and May, Donald Curtis. Handbook 
of Probability and Statistics With Tables. New 
York; McGraw-Hill Book Company, Inc., 1953. 

Carnap, Rudolf. Logical Foundations of Probability. 
2nd ed. Chicago: University of Chicago Press, 
1962. 

Chung, Kai Lai. A Course in Probability Theory. New York; 
Harcourt, Brace and World, 1968. 

Cramer, Harold. The Elements of Probability Theory and 
Some of its Applications. New York; John Wiley 
and Sons, Inc., 1955. 

Drake, Alvin W. Fundamentals of Applied Probability. 
New York; McGraw-Hill Book Company, Inc., 1967. 

Dwass, Meyer. First Steps in probability. New York: 
McGraw-Hill Book Company, Inc., 1967. 

r 



168 

Freudenthal, Hans. Probability and statistics. New York: 
Elsevier Publishing Company, 1965. 

Gangolli, R. A., and Ylvisaker, Donald. Discrete 
Probability. New York; Harcourt, Brace and 
World, 1967. 

Goldberg, Samuel. Probability; An Introduction. Englewood 
Cliffs, N.J. : Prentice-Hall, Inc., 1962. 

Hodges, Joseph Lawson, and Lehmann, E. L. Elements of 
Finite Probability. San Francisco: Holden-Day, 
1965. 

Leblanc, Hugues. Statistical and Inductive Probabilities. 
Englewood Cliffs, N.J. : Prentice-Hall, Inc., 1962. 

Lindgren, B. W., and McElrath, G. W. Introduction to 
Probability and Statistics. New York; The 
MacMillan Company, 1959. 

Lipschutz, Seymour. Theory and Problems of Probability. 
New York; McGraw-Hill Book Company, Inc., 1968. 

Meyer, Paul L. Introductory Probability and Statistical 
Applications. Reading, Mass.: Addison-Wesley 
Publishing Company, 1965. 

Mosteller, Frederick; Rourke, Robert E. K.; and Thomas, 
George B. Probability and Statistics. Reading, 
Mass.; Addison-V7esley Publishing Company, Inc., 
1961. 

Schlaifer, Robert. Probability and Statistics for Business 
Decisions. Nev/ York; McGraw-Hill Book Company, 
Inc., 1959. 

Wolf, Frank L. Elements of Probability and Statistics. 
New York; McGraw-Hill Book Company, Inc., 1962 

Articles 

Bierman, Harld, Jr.; Fouraker, Lav/rence E.; and Jaedicke, 
Robert K. "A Use of Probability and Statistics in 
Performance Evaluation." The Accounting Review, 
XXXVI (July, 1961), 409-17. 



ff^ 

169 

Jaedicke, Robert K., and Robichek, Alexander A. "Cost-
Volume-Profit Analysis Under Conditions of 
Uncertainty." The Accounting Review, XXXIV, No. 4 
(October, 1964), 917-26. 

Koehler, Robert W. "The Relevance of Probability 
Statistics to Accounting variance Control." 
Management Accounting, L, No. 2 (October, 1968), 
35-41. 

Kolhoff, Marvin J. "Probability Approach to planning and 
Budgeting." National Association of Accountants 
Bulletin, XL, No. 9 (May, 1959), 77-78. 

{ ^ 


