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Product Contribution Analysis for
Multi- Product Pricing
B y WI LLIAM S. K AL LIMANIS

RICING IN A multi- product firm can

mean the difference between profit
and loss. Yet, there is no agreement as
to how prices should be set. Prices may
be set on a cost plus a percentage markup, or what the market will pay, or what
the industry leader will set as a price.
All these and myriads of possible combinations fail to get into the heart of
the problem of providing management
with relevant data regarding a pricing
decision. Nor do they show management
the economic consequences of a pricing
decision.
Price is influenced by the supply,
quality, state -of- the -art, usefulness of
the product and competition, whether
we consider identical or substitute products. The price is also influenced by its
stage in its life cycle. In this pape r I
propose to deal with the problem of
pricing products on the basis of contribution, within competition and production constraints, and with the proper
consideration of income flow over the
estimated life cycle of the product.
The product life cycle, although its
length will vary by product and industry, consists of the following stages: de-

velopment, introduction, growth, maturity, decline and phase out. For pricing
decision purposes it is also important to
recognize management's objectives during any given stage.
During the p ro d u c t in tr o d u c tio n period, for example, one might use either
a saturation or skimming price. Price
reduction will be necessary to discourage competition or to meet it during the
g ro wth stage. Finally, when the product
reaches ma tu ri ty the pri ce can be further reduced by passing along manufacturing savings to customers during the
d e c lin e phase while preparing to bow
out of the market or to start a new cycle
with its replacement.
General Analysis
What has briefly been described in the
previous paragraph is known as marketing strategy. Marketing strategy and
pricing policy, however, can be rather
meaningless without reliable quantitative
measures on which to base decisions. To
measure the consequences of any marketing strategy it is necessary to anticipate prices, demand, and variable costs
at several desirable volume levels. These
data are used to calculate gross contribution at each level projected, both
for the new and for the old products
being replaced.

WI LL I AM S . KAL LI M AN I S, P o rt l a n d Chapter 19 64, is Office Manager, Portland Wholesale Grocery, Inc., Institutional
Wholesaler, Portland, Ore. He holds a B.S. degree from
Portland State College. Mr. Kallimanis was awarded a
Lyb ra nd Cold Me da l for this article in th e 19 67 -68 c ha pter
competition year.
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Assume, for example, the general contribution statement for a company's sales
mix to be as follows:
CONTRIBUTION ANALYSIS
12 -31 -67

Net income

The most significant item in this statement is the 40% contribution. This
means that with our present prices and
sales mix, every time a $1 sale is made,
the company has 40¢ remaining for
payment of its period costs and contribution to profit.
Although the general contribution
statement is useful, it cannot be used for
management decisions because it does
not show product contribution or the
specifics of sales mix. We may prepare
a more useful form to reveal contribution by individual product as in Exhibit
1. T h i s statement reveals a wide range
of percentage contribution rates among
products:

100
60
40

_8
8

20
20

4
4

10
10

Product
A
B
C
D
E
F
G
H

Contribution
40%
45
35
70
65
30
50
21
40%

Overall

%

Ta x at 5 0%

%

($ millions)
40
24
16

Net sales
Variable cost
Contribution
Period costs
Taxable income

A more meaningful way of comparing the revenue and contribution of
products is to rank them according to
the dollar magnitude of individual
products:

Comparative Contribution Statement ($ Millions)
P R O D U C T S

To ta l
Amount -%

Sa le .

$40. 00 - 100

V a r i a b l e C unt

2q . 0 0

60

Co n tr i bu ti o n

16.00

40

A
Amount -%

$24. 00 - 100

14 . 4 0

9.60

60

40

R
Amount -%

C
Amount -S

D
Amount -S

E
Amount -S

F
Amount -2

G
Amount -2

H
Amount -S

$1. 00 - 100

$1. 40 - 100

$ .60 - 100

$2. 00 - 100

53. 00 - 100

$4. 00 - 100

$4. 00 - 100

.55

.45

55

45

.91

.49

65

. 1R

30

.70

35

. 42

70

1.30

35

65

2.10

All

10

30

2.00

$2.00

50

50

3. 1 6

11

S .84

21

EXHIBIT 1
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RANK ACCORDING TO MAGNITUDE OF REVENUE
Revenue

Total

Percentage
Cum.
-

A
G
H
F
E
C
B
D

Each
$24.00
4.00
4.00
3.00
2.00
1.40
1.00
.60
$40.00

$28.00
32.00
35.00
37.00
38.40
39.40
40.00

Each
60.0
10.0
10.0
7.5
5.0
3.5
2.5
1.5
100.00

Cum.

Rank
1
2
3
4
5
6
7
8

-

Product

70.0
80.0
87.5
92.5
96.0
98.5
100.00

RANK ACCORDING TO MAGNITUDE OF CONTRIBUTION

Total

We can now prepare a comparative
ranking schedule:
Product
A
G
E
F
H
C
B
D

Rank
Contribution
1
2
3
4
5
6
7
8

Revenue
1
2
4
3
2
5
6
7

Note that Product H ranks # 2 in
sales revenue but falls to #5 i n doll ar
contribution toward period costs and
profit.
The management's objectives will dictate which ranking is most significant.
That is, if the short -run objective is to
raise revenue, the revenue ranking will
be important. If the management wishes
to increase earnings per share, however,
the contribution ranking would be more
JULY1968

Percentage
Each
Cum.
60.0
12.5
72.5
8.2
80.7
5.5
86.2
5.3
91.5
3.1
94.6
2.8
87.4
2.6
100.0
100.00

Rank
1
21
3
4
5
6I
7
8
}

-

A
G
E
F
H
C
B
D

Contribution
Each
Cum.
$9.60
2.00
$11.60
1.30
12.90
.90
13.80
.84
14.64
.49
15.13
.45
15.58
.42
16.00
$16.00

60

40

_

Product

100%

significant. In either case the reliance on
one at the sacrifice of the other would
be detrimental to the firm.
Another point is also significantly
illustrated by this analysis. We note that
Product A contributes 60% and the
other seven products contribute only
40% of the total dollars contributed.
Consequently the decisions one must
make regarding Product A could and
will vary greatly from those made about
products B through H:
Product
A
G
E
F
H
C
B
D

Total

Contribution
60%
12.51
8.2
5.5
5.3
40 %
3.1
2.8
2.6

100%

Recognizing the heavy dependence on
Product A, the management will attempt
5

to control its manufacturing costs and
to maintain volume at highest contribution level while planning to systematically phase out and replace it.
Management can now strategically
plan and influence the cost, price and
volume, as well as mix structure of the
remaining seven products in order to
improve contribution and, consequently,
profit. Simulation methods may here be
helpful.

Price Volume Contribution Simulation
Let us assume that the relevant prices
are $40, $38 and $42, and that the variable cost per unit remains unchanged
within this range of prices and demand.
Question: Which of these alternatives is
most desirable from the economic point
of view?
Before this question can be answered,
we would need to simulate a separate
income statement for each price; then
compare their contribution flows and
present values in the following manner:

1. Simulate contribution for each price:

A. Unit price $40:
DEMAND BY YEAR
1

Volume (units)

2

3

8,000 10,000 13,000

4

5

8,000

Total

5,000 44,000

100

24
$16

60
40

$320K $400K $520K $320K $200K $1,760K
192
$128

240
$160

312
$208

192
$128

120
80

$

$40

$

Sales
Variable
cost
Contribution

%

Unit price
Amount

1,056
704

B. Unit price $38:
DEMAND BY YEAR
1

Volume (units)

2

3

12,000 13,000 10,000

5

Total

5,000 48,000

%

Unit price
Amount
$38
100

4

8,000

63
37

288
$168

312
$182

240
$140

192
$112

120
70

$

24
$14

$456K $494K S380K $304K $190K $1,824K

$

Sales
Variable
cost
Contribution

1,152
672

C. Unit price $42:
DEMAND BY YEAR
1

Volume (units)

6,000

3

4

8,000

5

Total

6,000 38,000

%

Unit price
Amount
$42
100

2

8,000 10,000

6

24
$1S

55
45

$252K $336K $420K $336K $252K $1,596K
144
$108

192
$144

240
$180

192
$144

144
$108

$

Sales
Variable
cost
Contribution

912
684

MANAGEMENTACCOUNTING

2. Recap of the contribution flogs:
Contribution by Price /Year
Index Price
$40

Difference over Index Price

Alternative
Prices
$38
$42

Year

(1)

1
2
3
4
5

Total

$128K
160
208
128
80
$704

(2)
$168K
182
140
112
70
$672

(3)
$108K
144
180
144
108
$684

4(1-2)
($40)
( 22)
60
16
10
$24K

5(1-3)
$20
16
20
(16)
(28)
$12K

Volume (Units)

44,000

48,000

38,000

(4,000)

6,000

At the $38 price, in order to maintain
the contribution flow of the desired
index, the company should sell 1,500
( $24K contribution/ unit) more units,
\$ 16
or a total of 45,500. At the $42 price,
the company must sell 750 ($16
$12K con tribution unit) more units, or a total of
44,750 to recover the difference in contribution flow.
3. Present value of c ontribution flow:
Although a recap of contribution is
useful, the analysis is far from being
complete, because the flows under each
price have different patterns over the life
cycle of the product, hence different
present values. For example, at the $40

price the contribution peaks out during
the third year; at the $38 price the contribution begins high, peaks during the
second year, then goes down. Finally, at
the $42 price the flow starts out slow,
peaks out during the third year, then
levels off.
For long -range planning purposes
then, we should convert to estimated
current value as illustrated in Exhibit 2.
Question: Which of these alternatives is
most desirable? To answer this question
we need to ask two other questions: (a)
Which of the three volumes can best fit
in the projected production load? and
(b) Which of the contribution flows has
the greatest present value?
If the answer to the question (a) is:

Contribution Flows by Year & Price

Year

1
2
3
4
5
T otal

Present
Value
Factors
15%

$40 Index
Price
Amount
P.V. Amt

1

2

. 8 70
.756
.658
.572
.497

$128K
160
208
128
80

$38

$42

Amount

P.V.Amt.

Amount

4

5 (1x4)

6

3 (1x2)
$111K
121
137
73
40

$168K
182
140
112
70

$146K
138
92
64
35

$672K

$704K
$482K

$108K
144
180
144
108

P.V.Amt.
7 (1x 6)
$94K
109
118
82
54

$684K
$475K

$457

EXHIBIT 2
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the company cannot accommodate
larger production loads without increasing the cost (manpower and equipment), the choice would then be the $42
price. The sales force should devote
additional effort to selling the additional
units needed to recover the contribution
difference between the index price and
the decision price. This concentration of
sales effort should be made early in the
product life cycle, in order to bring the
present value of the contribution in line
with that of the index price.
If production is not a critical problem
(capacity is adequate to facilitate a
slight increase in production load), the
$40 index price is the most favorable
alternative. This is shown by the fact
that present value of the contribution
flows is largest at $482,000. On the
other hand, if production capacity is not
a problem and the objective is to penetrate the market, the best alternative
would be the $38 price, which has a
present value contribution flows of
$475,000. This is only $7,000 less than
the maximum present value at the $40

price. Management should also try to
increase sales by the number of units
necessary to recover the difference in
present value of contribution flow.
Operational and Strategic Analyses
So far the discussion has centered
around one product. In the remainder
of this paper the group of reports presented deal with the evaluation of the
economic consequences of a pricing decision for multiple products. These reports have been grouped in two categories:
1. Operational analysis.
2. Strategic planning.
Operational analysis refers to an analysis of the present potential, such as
unit, product and product line contribution.
Unit Contribution Analysis is the
master file, in which all relevant data
pertaining to a product are kept. This
master file is used to extend units sold
or forecast, to arrive at product contribution data. (See Exhibit 3.)

Unit Contribution Analysis (Std. File)
Product

Pri ce

D
E
A
G
B
C
F
H

$60.0
20.0
40 .0
40.0
10 .0
14 .0
30 .0
40 .0

Std.hours

Material
Amt . % t o t a l
va r . c a a t

Labor
Am t . % t o t a l
va r.co st

v a r . bu rrs.
Am t . % t o t a l
va r . coat

To ta l
Amo u nt

Un it c o n t r i b u t i o n
Amo unt % of p r i c e

$18.0
7.0
24 .0
20 .0
5.5
9.1
21 .0
31 .6

$42.0
13 .0
16 .0
20.0
4.5
4.9
9.0
8.4

702
65
60
50
45
35
30
21

EXHIBIT 3
Co nt ri bu ti on

A
G
E
F
H
C
B
D
To tal

Revenue

Va r i a b le
Co st s

Mar gi n

Amount

Revenue

% of

Tot al

$2 4. 00
4. 00
2. 0 0
3. 0 0
4.00
1.40
1.00
.6 0

$1 4 .4 0
2.00
.70
2.10
3. 1 6
.9 1
.55
.18

40%
50
65
30
21
35
45
70

$ 9.60
2.00
1.30
.90
.8 4
.4 9
.4 5
.4 2

$40 .00

$2 4. 00

40%

$1 6. 00 1 0 0 . 0

60.0
12.5
8.2
5.5
5.3
3.1
2.8
2.6

Accu m.
Ra nk

%

Pr o d u c t s

-72 .5
80.7
86.2
91 . 5
94.6
97 . 4
10 0. 0

1
2
3
4
5
6
7
8

% of

Total
60.0
10 .0
5.0
7.5
10.0
3.5
2.5
1.5

Ra n k
1
3
5
4
2
6
7
8

10 0 . 0

EXHIBIT 4

8

MANAGEMENTACCOUNTING

Product Life Cycle Analysis
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Product contribution analysis is a list
of products sold, ranked according to
the dollar magnitude of their contribution. From this report a marketing manager can readily see that there are a
myriad of other analyses which can be
designed to measure salesman, region
and customer contribution performance.
We are not here concerned with these
added possibilities for analysis. Exhibit
4, however, shows the significance that
the information can take when presented
in a combined revenue and contribution
schedule.
The management planning committee,
having the standard file of relevant
product information, the actual history
of sales and the product contribution
can now thi nk in terms of how t o develop pricing strategy. To aid the committee in this task, two additional reports are needed: (1) product life cycle
analysis and (2) strategic analysis.
Pro d u c t lif e c y c l e a n a ly sis is intended
to give the management planning committee a complete history of relevant
facts about the product, such as prices,
quantity sold, revenues and contribution,

from the date of product introduction
to date of decision. (See Exhibit 5)
Strate gic an alysis. The management
committee, having the basic dat a on a
product master file, knowing the current
contribution picture and product life
cycle, can then consider the consequences of possible price changes on the
profitability of the company. The purpose of strategic analysis is to provide
management with a measurement of
economic consequences for each given
price decision or strategy (Exhibit 6).

Using the original pricing structure,
it is anticipated that Product A's sales
will increase by 20% and that the remainder will have a 10% gain. The
revenue to be generated from the additional sales is $6,400,000 (forecast $4.6,4 0 0 ,0 0 0 — $ 4 0 , 0 0 0 ,0 0 0 last year's sales)
and the contribution will be increased
$2,560,000 (forecast $18,560,000—
$16,000,000 last year) .
Qu e stio n : What would happen if the
management committee decided to
change prices as indicated by Strategy
Y below?

STRATEGY "Y" CHANGE PRICE— PRIMARY EFFECTS
Proposed
price

Change
in Vol.

Change
in rev.

F
H
G

$30
40
40

34
38
42

5,000
+20,000
— 10,000
5,000

$900K
+540
—200
S1,240K

Change in
contribution

+$375.
168.
-0$543.
+

Current
price

—

Product
to be
changed

instead of $40, the company will gain
$543,000 in contribution. In addition to
these primary effects, there will also be
secondary consequences:

It is anticipated, that by increasing the
price of Product F to $34 instead of
$30, Product G to $42 instead of $40,
and dropping Product H's price to $38

SECONDARY VOLUME EFFECTS (GAINED AND LOST CONTRIBUTION)
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Price

C
B
D

$14.0
10.0
60.0

Change in
volume

Change in
revenue

Change in
contribution

+10,000
+20,000
500
29,500

$140K
200
—30
$310.

$49K
90
—21
+$118.

—

Products w i t h
secondary qty.
changes

MANAGEMENTACCOUNTING

S t r a t e g i c An a l ys e s
Anticipated Contribution
% of total
Amt. rev. Var.eost Amount contribution

Cumulative
Rank
percent

72,000
110,000
110,000
110, 000
110, 000
110, 000
110,000
11 ,0 00

$28,800K
4, 40 0
2,2 00
3,3 00
4, 40 0
1, 54 0
1, 10 0
660

$17,280K
2,200
770
2,3 10
3,476
1,001
605
198

$11,520
2,2 00
1, 43 0
990
924
539
495
462

62. 08
11. 85
7. 7 0
5. 33
4. 9 8
2. 9 0
2.67
2_49

- -73.93
81. 63
86. 96
91.94
94.84
97.51
100 .00

743,000

$46,400K

$27,840

$18,560

100 .00

Forecast at Present Prices I
Product Price
$40.00
40.0
20 .0
30 .0
40.0
14.0
10.0
60 . 0

c

A
G
E
F
H
B
D

To t a l

Ant. vol.

1
2
3
4
5
6
7
8

EXHIBIT 6

Product

A
G
E
F
H
C
B
D

Revised Anticipated Anticipated Contr.
revenue
amount
volume
price
$40
42
20
34
38
14
10
60

% of total Cum.
contr.
%

72,000
100, 000
110, 000
105, 000
130, 000
100, 000
130, 000
10, 500

$28,800
4, 20 0
2,2 00
4, 20 0
4, 94 0
1, 68 0
1, 3 0 0
630

$11,520
2,2 00
1 9 430
1,3 65
1,0 92
588
585
441

757,500

$4 7 , 9 5 0

$19 ,2 21

59.94
11. 45
7.44
7. 1 0
5. 68
3. 06
3.04
2. 29

-71.39
78.83
85 .9 3
91.61
94.67
97.71
100 .00

Revised
rank

Prior
rank

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8

10 0. 0

EXHIBIT 7

The result of the secondary consequences is favorable. That is, the net
results will further increase contribution
(by $118,000). The next step is to combine the changes and prepare a revised
forecast of contribution (Exhibit 7).
Looking at the revised forecast, one
can see a summary of the economic consequences of Strategy Y. That is, the
volume will go up by 145,000 units, the
revenue will increase $1,550,000 and
the contribution will be raised by $660,000. This technique is repeated for as
many feasible strategies as possible and
then summarized according to management objectives and in order of magnitude of:
1. Liquidity
2. Earnings per share
3. Manufacturing output (compared to
physical constraints)

JULY1968

4.
5.
6.
7.

Maximize revenue
Maximize contribution
Maximize profit
Return on investment (net present
value)
Flo
return on gross sales
a.
b. % return on net sales
c. % return on capitalization
d. % return on assets employed

Summary
What is really significant in a pricing
decision is neither cost nor price but
rather the present value of the contribution that the product makes toward the
recovery of period costs and profit over
each product's life cycle. The simulation
of price- cost - volume- contribution by life
cycle yields consequences which can be
anticipated and used in strategic planning geared toward achieving a specific
corporate objective.
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A System of Order Entry Profit Analysis
By

JOSEPH

BOBKOWSKI

that there can
be significant variations in relative
profitability of different steel product
groups. During a normal month, as
many as a thousand individual items
(order items) may be produced and
classified under a single product group.
The profitability of individual order
items within these product groups may
also vary considerably.
Present profit analysis methods for
steel products, however, are primarily
designed to develop profitability by
product group. The profit developed by
this method is an a v e ra g e p ro fit for all
order items contained in a particular
product group. This method of costing
and profit analysis is effective for broad
reporting and control, but it requires
that analysis of individual order items
be done manually. This factor necessarily limits the extent of manual order
item profit analysis which can be done.

E

XPERIENCE INDICATES

O.E.P.A,Plan for Improved
Profitability
A proposed electronic data processing
system (O.E.P.A.) is a computerized
system of order entry profit analysis designed to yield timely and more detailed
information regarding profitability of

specific steel products. This system can
develop in detail, before- the -fact analyses of expected p ro fit a b ili ty fo r in d iv id u a l i te m s o n e v e r y o rd e r .

The application of this proposed system is limited here to a major steel product group: cold rolled sheets and coils.
However, successful application of the
proposed system to one product group
provides the basis for the assumption that
the system can be applied to other product groups, as well as products of other
companies or other industries.
O.E.P.A. is primarily intended as a
supplement to the present product group
profit analysis method. It is to be used
to determine expected profitability b e f o re
th e fa ct, not for after- the -fact analysis
of ac tua l order item profitability. After the -fact analysis of order item profitability would probably require broad expansion of the existing inventory coding
system to encompass o rd e r i t e m rather
than p ro d u c t g ro u p inventory codes. Use
of a vastly expanded inventory and profitability accounting system on an actual
basis would be exceedingly costly. But,
if production and inventory data could
be accumulated and filed in the memory
of a centralized computer through the
use of real -time data collection devices,
then actual order item profitability analysis might be justified.

JO SE P H B OR K OW S KI , Pittsburgh Chapter (Beaver Valley 1962), is Gen era l S upe rvisor of Co rp orate Ac co un ting ,
Jones and Laugh lin S teel Corp., Pittsburgh, Pa. Mr. Borkowski holds B.S. an d M.B.A. d egrees fro m Duqu esn e Un ive rsity,
Pittsburgh, Pa.
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Before - the -fact analyses of expected
selling price, cost and profit margins for
every order item developed by O.E.P.A.
can provide vital information and contribute substantially to maintaining a
healthy competitive position. The number of profitable orders accepted and
produced can be optimized through more
selective selling. Sales department profit
contribution can be measured more effectively by responsibility area. Adjustments in manufacturing procedures
which can effect cost reductions are possible before an order item is produced.
Typical Profitability
Analysis Procedure
Manual analysis of the profitability of
a single order item for steel entails detailed accumulation of production data
from five, six or more processing units
over the entire production cycle until
the order item is completed. Material
and operating cost factors are applied to
the production data at each processing
point on a value -added basis, finally developing total manufacturing cost.
The cost is carefully scrutinized to determine whether or not the results
achieved for the particular order item
are reasonable and representative of
what can normally be expected. After
the reasonability of the cost has been
established, a direct comparison of the
selling price and cost per ton is made to
develop gross profit per ton for the order
item. Allocated overhead and Federal
income taxes are deducted to determine
approximate net income per ton. An
evaluation is then made of the relative
profitability of the order item. At this
time, the basis for a decision is established regarding the question of whether
to continue or discontinue selling the
item, or whether further study is required.
Specialized groups of product cost
analysts are employed to analyze the
profitability of individual order items or
groups of order items. These analyses
are done manually, on an exception
basis, and generally after the fact. The
JULY1968

product cost analysts' scope of responsibility for profit analysis includes the
following: (1) inquiries for new business
which normally require the analyses to
be done before the fact, (2) repeat orders of a type with which production
difficulties were previously experienced,
(3) part of a s ampli ng app roach or a
comprehensive analysis of a product line
which might not be as profitable as expected, (4) a sampling as the result of
a periodic general review of profitability,
(5) a review to determine the feasibility
of additional or contracted sales effort,
and (6) developing costs of new products and processes. The central point is,
however, that the manual profit analysis
technique is necessarily restricted in its
applications by the volume of clerical
and analytical effort involved.
The Proposed System
The new generation of computers currently available provides the capability
for developing before - the -fact profit
analysis. This capability includes: (1)
the capacity and flexibility to handle the
complex programming required, (2)
storage capacity for the mass of raw
data needed, (3) high processing speeds,
and (4) the ability to deliver the desired
analyses on order via random access and
the operating control system.
This type of equipment is currently
utilized in the application of mechanized
order entry billing systems. Using existing equipment, order item profit analyses can be developed at the time of order
acceptance within the framework of an
existing order entry billing system. These
profit analyses correspond largely with
specifications of the steel pricing structure (commodity or product group,
width and gauge range, grade, extras,
etc.) . They are derived by applying
standard yield, productivity, material
and operating cost factors, based on the
order item specifications, and comparing
the results with the selling price.
The system of order entry profit analysis begins at the time of order acceptance at the mill. After the order item
13

description, detailed instructions and
processing pattern have been set, the
pertinent data (customer, destination,
order quantity, size, grade, processing
pattern, etc.) are fed into the computer.
The computer then selects from storage
the appropriate pricing, yield, productivity, material and operating cost factors, processes the data, and develops the
following analysis of expected profitability of each order item:
Plus:
Less:
Less:

Option
Less:

Base price
Extra (summary or detailed)
Gross sales price
Sales price adjustments
Net sales price
Cost of sales (summary or
detailed)
Gross profit margin
Allocated overhead and
estimated Federal income
taxes
Net profit margin

After the profitability of the individual order item has been established and
checked, the profit margin is then classified as satisfactory, borderline or unsatisfactory. This provides the basis for decisions concerning continuance, discontinuance, expansion or contraction of
sales effort on the type of order in question. Expected profitability levels established by high -level management would
be guidelines for action.
A flow chart (Exhibit 1) follows
which illustrates several alternative processing patterns for cold rolled sheet
products. There can be other variations
in the processing patterns of cold rolled
sheets such as shearing prior to annealing.
O.E.P.A. begins by using semifinished hot bands (coils) off the hot strip
mill and develops the detailed cost of
converting them through the various
processes into finished cold rolled sheet
products. Standard hot band costs (material costs), yield, productivity, operating costs and prices (base plus extras)
14

by specification ranges (width and
gauge, etc.) are used to determine expected profitability of each order item.
The Computer Model
A working computer model is incorporated into the proposed system. Order
data cards serve as the order item information input medium for the computer
to process. The flow chart of the computer program ( Exhibits 2 and 3) illustrates how the system functions.
A simplified approach is taken and all
the data used, including the program
and data tables, are stored within the
internal memory of the computer. In
actual practice, however, the data required for costing, pricing and analyzing
order item profitability for a single product group would probably increase substantially. Depending upon computer
memory capacity, the program itself
might possibly be contained within the
internal computer memory, but the data
tables would probably have to be stored
externally on disks or tape. This would
require more sophisticated programming
than is employed in this model.
A complete and concise analysis of
expected profitability of each order item
is generated from the input of each order data card. Total elapsed time from
the reading of an order data card until
the completion of the printed analysis is
approximately four seconds. Further
shortening of the computer processing
cycle is possible if the data could be fitted into a parabolic curve and written as
a formula. In addition, more precise calculations of expected costs could be
made since the system employed in this
model basically classifies the cost factors
by width and gauge ranges (specification ranges), whereas a mathematical
formula could make precise interpolations between specification ranges.
Profitability Guidelines
Formal sales policies and at least
broadly stated profit objectives are commonly an integral part of total profit
planning. Establishment of the proposed
system would require: (1) that sales polMANAGEMENTACCOUNTING

Flow Chart — Cold Rolled Sheet Products

: stage
sheet

EXHIBIT 1
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Order Entry Profit Analysis
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EXHIBIT 2

icies be clearly stated in context with
profit objectives, (2) that profitability
guidelines be established by high -level
executive management which would
clearly enumerate specific profit performance objectives and ranges, and (3)
that formal procedures be established
for implementing the proposed system.
There are many valid objections associated with assigning profitability
guidelines to individual order items beyond the gross profit level. The major
objection is that a substantial portion of
costs beyond the gross profit level are
16

fixed or "sunk" costs, and therefore not
allocable to individual products.
For purposes of establishing profitability guidelines, all costs, including
plant and corporate overhead, depreciation and Federal income taxes, must be
considered to arrive at target net income. Therefore, expected net income
must be the basis for establishment of
profitability guidelines.
Recognition is given to valid objections concerning allocation of indirect
costs beyond the manufacturing department level to individual products. NevMANAGEMENTACCOUNTING

order Entry Profit Analysis (Continued)
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EXHIBIT 3

ertheless, the following hypothetical
profitability guidelines for cold rolled
sheets (gross and net profit) have been
JULY 1968

established for analysis purposes in this
study:
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Classification of
profitability

Expected net profit
(% of net sales)

Satisfactory
Borderline
Unsatisfactory

4% and over
2% to 4%
Under 2%

An example of a method for determining expected net profit from the
gross profit for each order item is:
Less:
Gross profit
25% of cost of sales (overhead
allocation)
Net profit before Federal income taxes
Less:
Federal income ta xes ( at 48 % )
Net profit
Sample Analysis of Order Item
Profitability
The report format for each individual
order item profitability analysis generated from the proposed system consists
of four major segments (Exhibit 4):
Description of Customer Order. Most
of the information in this section is self explanatory and is derived from an order data card. The only exceptions are
the hot band width, gauge and coil
weight which can be calculated by the
program if not specified in the order
data card.
Cost Structure. The computer program develops the cumulative yield
(80.8 %) of the hot band to finished
product from the data tables in the computer memory which are arrayed by
width and gauge range, by process.
From the cumulative yield, the hot
bands required (30.94 tons) to produce
the ordered quantity (25.00 tons) are
determined.
At the same time, from the data tables and calculating the required processing time by process, the program is
also determining the product tons off
each unit (process yield X product tons
off previous unit), incoming material
cost (standard hot band cost by grade,
width and gauge range and coil size)
and standard processing cost.
18

Expected gross profit
(% of net sales)
25% and over
20% to 25%
Under 20%

Moving horizontally through each
processing step, the program adds the
processing cost to the incoming material
cost to determine gross cost, and deducts
the scrap credit value for each process
to develop net cost. The net cost becomes the incoming material cost for the
succeeding process. The costing cycle
continues through each step until the
last process where net manufacturing
cost ($256.56 per ton — $6,414) is determined.
The program then prints the cumulative yield, total processing cost, total
processing cost per ton $917 _ 25 tons
_ $36.71), the yield loss cost $785 and
yield loss cost per ton ( $785 - 25 tons =
$31.41). The net manufacturing cost
per ton can be summarized as follows
by major category of cost:
Per ton
Material cost (hot bands)
$188.44
Add: Processing cost
36.71
Yield loss cost
31.41
Net manufacturing cost
$256.56
Producing department general overhead is allocated to the net manufacturing cost on the basis of 15% of total
processing cost ( $138 or $5.52 per ton) .
Shipping costs ($197 or $7.88 per ton)
are also added to the manufacturing cost
based on type and specifications of the
package to arrive at the order item cost
of sales ($6,749 or $269.96 per ton).
Pricing Structure. This section shows
the complete development of gross sales
price for the order item, base price plus
applicable extras. The normal trade discount has been deducted from gross
sales.
Profitability. This section displays the
development of net sales price and gross
profit ( per ton, total and as a per cent
of net sales). According to the profitability guidelines established above, the
MANAGEMENTACCOUNTING

Sa m p l e A n a ly s i s of P r of i t a bi l i t y

C
r
i
D e s c r i n t i o n o f Cus t ome r Orde r

C"
Of

co

Cus t o me r Orde r Number
Customer
Ship To

00442
The Rocky Appliance Manufacturing Company
Denver, Colorado

Promis e W eek
Quantity
Order Lift Size

28
50,000 Lba . Cold Rolled Sheets - Drawing Quality Rimmed
10,000 Lbs. Minimum Lift
- 15,000 Lb.. Maximum Lift

C o l d R o l l e d Si ze . 0 8 9 " x 4 6 . 5 0 " x 7 2 . 5 0 "
Double Paper Wrapped Packaging

Calculated Hot Band Width 48.00 Inches
Calculated Hot Band Gauge . 178 Inches
There is a possibility of optimum costing depending upon coil weight.
Hot Band Coil Weight
15,000 Lb..
Co s[ 5 t r o c c o r e

K
=
_m
'y
A

Ste p
Ho t Ba nd
Pickling
Co l d Re du c i ng
Annealing
Te mpe ri ng
She a ri ng
Cumulative Yield
Dept. Overhead @ 15% of Processing Cost
Sh i p p i n g C o s t

Yield
1.000
0.903
0.980
1.000
0. 9 5 3
0.958
0.808

Required
Processing
Hours
0.00
0.39
0.36
9.58
0.65
1. 5 5

Product
Tons
30 .9 4
27 .9 4
27 . 3 8
27 . 3 8
26 . 1 0
25 . 0 0

Incoming
Material Cost
$ Ton
Total
18 8 .4 4
5, 83 0
18 8 .4 4
5, 8 3 0
20 8 .9 4
5, 83 7
21 9. 37
6, 0 0 5
22 4 . 1 0
6, 1 3 5
24 0. 80
6, 2 8 3
Total Processing Cost

Processing Cost
Ton
Total
0.00
0
6.30
176
7. 3 1
200
4.73
130
8.44
220
7. 67 _ _ 1 92
36_71 _ _ 918
5. 5 2
138
7.88
197

Gro ss
$ Sc ra p
Coat
Credit
5,830
0
6,006
169
6,037
32
6,135
0
6,355
72
6,475
61
Yi e l d L o s s Co st

Ne t Co st
/Ton
Total
18 8. 44
5,8 30
20 8 .9 4
5,837
21 9 .3 8
6,0 05
22 4 .1 0
6,1 35
24 0 .8 0
6,2 83
256 . 5 6 _ _ 6 . 4 1 4
3 1 . 4 1 _ _ 785
26 2 . 0 8
6,5 52
26 9 .9 6
6, 7 4 9

P r i c i n g St r u c t u r e

Ba s e Yr i c e
Quali ty E x tr a
S i ze E x t r a
Orde r Q ua nt i t y Ext ra
I t e m Qua nt i t y Ex t ra
Cu t L e ng t h E x t r a

Cumulative
$ /Ton
28 1 .2 5
29 9. 25
34 6. 50
34 6 .5 0
34 6 .5 0
35 3. 25

/$ Ton
28 1. 25
18.00
47.25
0.00
0. 00
6.75

Total
7,0 31
7,481
8, 6 6 3
8, 6 6 3
8, 6 6 3
8,8 31

Profitability

NOTE:

The data in this exhibit are hypothetical and
in
wa y re pr e s e n t a c t u a l y i e l d s , pro c e s s i ng
ho '
r e q u i r e d , ma t e r i a l c o s t s o r pro c e s s i ng
costs.

Gro ss Sa lea P r i c e
Lee :: Tr e d e D i s c o un t
Net Sale: Yrice
Les a: Cost of Sales
� p

Gro ss P r o f i t

/Ton
35 3 .2 5
1.77
35 1 .4 8
26 9 .9 6
81 . 5 2

Total
8,831
44
8. 78 7
6.749
2.038

23.27. (Of Ne t Sa le s )

profit of this order item would be classified as borderline on a gross profit as a
percent of net sales basis (20 to 25 %).
Gross profit per ton
Less: Overhead allocation

$81.52
—25% of cost of sales, or
—25% of $269.96

Net profit (loss) per ton
Several courses of action are open to
management concerning this order item:
1. Continue selling the item.
2. Discontinue selling the item.
3. Review the manufacturing procedures
to determine whether any improvements in cost can be made.
4. Review the sales price.
5. Investigate the economics of producing the order item at another division, if possible.
Applications for the Proposed System
Initially, it was thought the primary
applications for the proposed system
would be selective selling, measurement
of sales department profit contribution,
and cost reduction through improved
production management control and
planning. However, several additional,
significant applications have become apparent. These applications are reviewed
in this study, but by no means are they
intended to be considered the only
possible applications for the proposed
system.
The proposed system provides the basis for increased selectivity in selling by
making available timely, specific information regarding expected profitability
of individual order items. Expected profitability can be developed while the potential order is in the inquiry state. This
is particularly desirable in the case of
initial order inquiries. The proposed
system can be adapted for application
within the framework of an existing inquiry handling procedure.
The system also lends itself to future
implementation of a computerized "real
time" order inquiry handling system employing telecommunications equipment.
Remote inquiry stations would be located at district sales offices and linked
to a central computer system. The in20

It would also be borderline on the basis
of net profit as a percent of net sales
(less than 4 % ) determined as follows:

67.49
$14.03 or 3.99%

quiry reply to a district sales office could
contain information relative to expected
profitability in addition to the usual indication of whether or not a potential
order is in st ock or can be produced,
when and by which plant.
Extreme care would be necessary in
the application of the proposed system
to selective selling. It is well established
that factors such as goodwill, volume
and profitability of other products sold
to the customer, and development of
new business will bear upon the final
decision. Carefully planned, well -coordinated and closely administered sales
policies are indispensable requirements
for broad application of the order item
profitability criterion to selective selling.
The proposed system introduces a
more refined means of measurement of
sales department performance as measurd by its profit contribution. Besides
traditional performance yardsticks, such
as volume (tonnage and sales dollars)
and overall profitability by broad product groups, the proposed system provides
a basis for determining indicated profit
contribution generated by district sales
offices and even individual salesmen.
Production management frequently
faces the problem of making decisions
concerning alternative operating procedures which can affect the profitability
of individual order items. Much of the
information upon which these decisions
are based is weighted by the average cost
performance of the "parent" product
group. Implementation of the proposed
system will not only focus attention on
significant details of the expected cost of
order items which might not be recognized otherwise, but on the expected
sales revenue as well. This is especially
important since both costs and sales
MANAGEMENT ACCOUNTING

price vary according to changes in specifications.
Based on before - the -fact analyses of
order item profitability, a better informed production management might
make adjustments of the following type
to reduce costs:
1. Change the processing pattern, modify or eliminate a processing step.
2. Change specifications of the unfinished material.
3. Change the order (sequence) in
which the steel is rolled or processed.
The proposed system makes available
a more comprehensive and efficient
technique for planning, both short term
and long range. Potential benefits from
improved planning include:
1. Curtailment or elimination of production of unprofitable items —acceleration of sales and production of
profitable items.
2. More efficient use of existing facilities through improved allocation of
orders to and faster recognition of
"bottleneck" production units.
3. More scientific allocation of capital
for facilities (new and old) resulting
from availability of more comprehensive profitability data.
Computerized production unit loading
is a natural "by- product" of the proposed system. Production unit operating
hours required to produce each order
item are developed as an integral part
of this system for calculating processing
costs. Expected production unit operating hours for all order items can be
combined by promised delivery week to
determine the expected production load
for all processing units. From this detail,
scheduling of actual production could
be accomplished.
From t he expected cumulative yield
of each order item, improved provision
practice (ordering of unfinished and
semi - finished steel) is possible. Optimization of ordered hot band coil size
multiples is possible which would take
into full account the total hot band requirement and the customer's specified
lift (or coil) sizes.
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A reduction in overages (ordering
more semi - finished steel than required to
fill the customer's order) due to less
than optimal provision of multiples
should result. Conversely, shortages due
to faulty provision practice would probably also be reduced.
Overages which the customer is unwilling to accept are placed in inventory
if they cannot be sold. They sometimes
have to be written down and disposed
of at less than prime value. Shortages
often irritate customers since the steel
may be badly needed. Additional semifinished steel normally must be r e or dered to fill the customer's original order, and the customer may have to wait
several weeks for the steel. The adaptation of the proposed system to incorporate a revised method of providing steel
should materially reduce faulty provision practice and, hence, improve inventory control and customer service.
In actual practice, pricing and invoicing steel products are highly complex
functions. The mechanical pricing system employed in this study is extremely
simplified. However, the computers currently available do have enormous
capacity and flexibility to perform formidable tasks. Potential benefits of a
computerized system appear lucrative
when considered in context with other
benefits of the proposed system.
Summary
The goals of more effective sales effort
and better coordination of sales and production functions are accomplished
through timely reporting of significant
data. The proposed computerized system
(O.E.P.A.) provides a valuable tool
which can be utilized by the sales and
production departments to better fulfill
these goals. O.E.P.A. also provides the
means by which expected revenues can
be tied directly to expected costs for
every order item, and thus opens a new
avenue toward improvement of profit
results. In effect, O.E.P.A. makes job
order costing and profit analysis on a
mass scale a reality.
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Motivational Psychology and the
Management Accountant
B y JOSEP H R. DUGAN
S

M A N A G E M E N T A C C O U N TI N G
continues to aggressively adopt tools
and techniques from related disciplines,
it becomes more and more apparent that
there is a major omission in the educational process— motivational psychology.
The management accountant has delved
into every conceivable related area with
the exception of this one. An important
aspect of the accountant's job has thus
been completely ignored in the theory
and practice of management accounting.
The modern management accountant
is a highly skilled technician —well educated, complex, confident, intelligent,
optimistic —who abhors detailed direction. He expects to be influenced, persuaded and enlightened. He wants to be
confronted with choices and alternatives, demanding freedom to structure
his work, select his alternatives, present
his solutions and speak for himself. He
refuses to be considered an automaton
who is supposed to respond eagerly to
orders, edicts and ultimatums. He may
do it for a very short time, but soon his
resentments and suppressions will surface and react contrary to company and
department objectives. Hence, motivational psychology, if used properly, will

increase productivity, improve efficiency
and reduce accountant and clerk turnover.
Our discussion is directed primarily
to the superior – subordinate relationship.
However, many of the concepts are just
as applicable to the accountant's external relationships and group memberships.
Before a controller, chief accountant
or accounting manager can use psychology as an effective tool, he has to
assume a certain disposition or it will
not work. Five pre- requisites are needed:
(1) realization of where the power lies,
(2) capacity to accept criticism from
below, (3) realization that you won't be
right all of the time, (4) realization that
your subordinates have ideas as good as
yours and (5) total capacity to delegate.
Organizational Framework
A very important point is that if job
content allows for self - actualization
there is a relationship between job satisfaction and job productivity. Otherwise,
there is no such relationship. Attitudes
and productivity toward all aspects of
a job vary with the kind of work. It is
necessary to classify jobs as structured
and unstructured and modify your approach accordingly. Each classification

JOSEPH R. DUGAN, Raritan Valley Chapter 1959, Director- Budget and Cost Accounting, Borden Foods Co., New
York , N. Y. Mr. Dugan received a B.S. degree from King's
College, Wilkes- Barre, Pa., and an M.B.A. degree from
New York University.
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requires a different mode of operation.
Highly structured jobs are those with
content that is repetitive and mechanical, e.g. accounts receivable billing clerk,
key -punch operator, petty cashier. Their
duties are well defined, precisely organized, easily controllable— usually covered in great detail in an organization's
procedural manual.
Moderately structured positions have
some degree of routine, repetitive content and allow flexibility for alternate
thinking, e.g., cost accountant, general
ledger accountant, accounting supervisor.
Unstructured positions necessitate a
minimum of prescribed procedures with
very few repetitive jobs, possibly once
or twice a year. On the other hand, there
is a lot of free time to undertake projects
on their own initiative with the authority
to recommend changes to company objectives and policies, e.g., special projects accountant, assistant controller,
financial analyst, controller, systems
analyst.
Although the principles of motivational psychology are universal, longterm employees who are deeply involved
in their work and company must be excluded. Emphasis is directed to newcomers, the organization's potential for
future growth.
Key Elements
Effective use of motivational psychology does not lend itself to a formalized
program. It is a disposition of the manager, a frame of mind. The key elements
will be identified to serve as guidelines,
to be modified and revised as circumstances demand. Each manager selects
the elements most needed to effectively
motivate his personnel in terms of individual subordinate weakness, nature of
the positions and organization environment.
Attitude Exposure —A manager's major function is to determine his subordinates true attitudes. Once they are
known, he can do something to change
JULY1968

unfavorable attitudes and improve on
favorable ones.
It is strongly recommended that managers get away from the direct interview —the typical question and answer
session. This approach is totally ineffective for finding out how a subordinate
really thinks and feels about general or
specific problems, since a subordinate is
usually reluctant to directly tell his boss
what is really on his mind.
The solution is easy enough. Make it
a practice to spend time with each employee in casual conversation. Let the
accountant or clerk lead the discussion.
Although conversation is often thought
of as strictly a means of communication,
this is a misconception. Conversation is
an emotional release whereby the subordinate "get things off his chest." It is
the main, legitimate means of letting off
steam, relieving pent -up emotions.
Another rule to follow in conversation is to explore irrelevancies. A clerk
may inject the most irrelevant, nonessential topic into a conversation, but do not
ignore it. It may represent a clue to the
basic, internal problem in a given situation. Try to find out why it was introduced into the conversation and how it
bears on the particular problem at hand.
Involvement —A common managerial
error is to delegate the menial tasks and
withhold the overall picture, excluding
subordinates from the follow -up, report
preparation and management presentation. People like to be involved and see
how their job relates to the whole.
Many managers make the mistake of
treating their management accountants
like clerks by close direction and tight
supervision. They feed the accountant
piecemeal tasks, never giving the man
the opportunity to organize the data
and carry the ball.
Start using the concept of total involvement. Involve the accountant from
the initial stages of a project through to
the final presentation. Sacrifice the time
needed to take the individual to all meetings on the topic. Get him to know the
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people involved from other functions.
By a clearer understanding of their
functions, problems and aspirations, he
will perform his function more effectively. He will also have an intense interest in the results of the project, and
perform accordingly.
Effective means of involving subordinates is through inter - departmental
and intra - departmental meetings, giving
them the opportunity to assist in the
planning function, involving them in
scheduling workload, seeking their advice on department administrative duties,
such as the purchase of new equipment,
asking their opinions on the design or
modification of a system and, if management is agreeable, getting them in on
management presentations.
A good example of this took place in
one company where I worked. The annual profit plan, as presented to management in a slide presentation, was repeated to the accounting department in
the afternoon of the management board
meeting. The accountants saw the end
product of their month -long efforts. It
was a tremendous educational experience whereby all aspects of next year's
plans were explained to them as they
were to management. The individuals
were extremely impressed by the company's willingness to take the time and
bear the expense to present the forecast
to them. They spoke eagerly of starting
the next revision.
Communications—This element goes
hand in hand with involvement. Good
communications causes a high degree of
involvement and vice versa. The problem is more pronounced in accounting
because in many companies it is the hub
of the wheel.
A clear understanding of communications affecting the accountant will shed
light on existing efficiencies and inefficiencies. Keep your accountants and
clerks informed about profit plan
changes, new product development, status of current special projects, proposed
changes in accounting department pro24

cedures. Keep them abreast of personnel
practices, organizational changes, review
current operating results with them.
Keep them informed of company gains
and losses in the market place. Circulate
industry and company literature. Don't
select for them. Let them decide what is
important and what is not important.
Most important of all, when a study is
in progress that directly affects their job,
issue periodic status reports and, when
significant news is communicable, call a
meeting. The most lucrative field for
communication is problem areas. Communicate other departments' problems
as well. Maybe your people can help.
Encourage upward, downward and
lateral communication. Demonstrate to
your subordinates that you want them to
bring all sorts of things to your attention. Let them know that you are interested in their knowledge. Tap the
"grapevine."
Identification— T h e effective manager
identifies with his subordinates' objectives, even if sometimes they run counter
to company and department objectives.
Companies are composed of many different type individuals with different
goals and aspirations. Ideally, there
would be no personnel problems if the
objectives of all individuals matched
those of the company, but unfortunately,
things are not that neat and tidy.
The main personal objective I have
noted among accountants is education.
The management accountant holds formal and informal education as a major
goal. Don't expect a young trainee to
sacrifice his education to further the
company or department objectives. The
best example is when you find a conflict between a school night and a "closing" or inventory night. The student employee should be allowed to reconcile
the conflict on his own. If you give him
some leeway he will achieve both goals.
Your patience and restraint will pay
handsome dividends for you, the department and company.
Identify in all respects. Show an inMANAGEMENTACCOUNTING

terest in personal objectives and encourage them where at all possible.
A professional accounting group
seminar is a very effective means of
identifying. It demonstrates to the accounting staff that the company, department and superior is interested enough
to expend company funds and allow
time off for them to improve and develop.
Autonomy —This is an essential factor in motivating the management accountant. He has to feel and know that
he is acting on his own. If, unfortunately, his position is structured in such
a way that it does not allow for flexibility in thinking or acting, create opportunities for original thinking, self expression and initiative.
One means is to assign special projects and consider giving each man an
area of particular interest to work on
for a month. Change the assignments
periodically and allow time during
working hours to develop them. For example, assign a cost accountant to determine fixed and variable burden, using
a scatter chart, and compare the results
to your current method for effectiveness.
Another example is to have your budget
analyst set up a simulation model to
check the accuracy of forecasts. Neither
assignment is an exercise in futility; the
results may yield concrete benefits for
the company. But whether or not this is
the case, the primary purpose was accomplished in giving the accountant the
opportunity to work on his own.
Although special projects are a means
to the end, the best solution is to organize functions so that no position is
structured to the extent that autonomy
and self - actualization is impossible.
Recognition— Devise a systematic
means of giving recognition in addition
to merit increases. Accountants are very
weak in this area. Sales and marketing
departments have used all kind of i ncentives and have become masters of
the art. The rewards of recognition vary
from the sublime to the ridiculous.
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Through competitive programs the
"best" salesman receives publicity, promotions and material rewards —cash, a
gawdy sports coat, a ring or a watch.
The item is not important; it is the
thought that counts.
It will be difficult to measure an accountant's performance fairly and
equitably, but it must be done. For example, devise a means of measuring the
major annual contribution to the department or company and award the
most effective accountant an extra
week's vacation or an all expense paid
trip to an exotic island. This sounds
somewhat extreme, but the profession is
long overdue for recognition similarly
granted to counterparts throughout the
organization.
Summary
Conditions and circumstances have
changed the tools and techniques of the
accounting profession, but more importantly, the accountant has gone through
an intrinsic change. Once insecure and
subservient, he is now confident and
optimistic in a favorable labor market.
Educated and knowledgeable, the modern management accountant has complex expectations which govern his
attitudes and, consequently, his job
performance.
The new posture necessitates a significant change in the managerial approach
to accountants and clerks who operate
most effectively under a manager who
defines his chief function as co- ordinator. An effective manager motivates and
influences rather than exercises close direction and tight 'supervision. The revised definition of the manager's primary
functions requires the management accountant to embark on yet another educational quest for knowledge deeply
rooted in the behavioral sciences.
The purpose is to broaden the accountant's role in the company and department functions, hopefully improving
attitudes that will lead to growth and
development. In the long range the chief
beneficiary is the company.
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The Psychological Impact
of Certain Aspects of Performance Reports
B y DO R IS MA R IE COOK
increasingly apparent
that the application of the concepts
of human relations is essential for the
effective use of managerial accounting
in planning and controlling business operations. There have been several studies
emphasizing the importance of the psychological aspect. Sord and Welsch, in
reporting their investigation of budgeting policies and practices, stressed the
importance of practicing effective human relations.[ A study by Argyris concerning the impact of budgets on people
pinpointed some of the psychological
problems.'=
The research reported in this paper
was designed to investigate the psychological impact on managers of certain
aspects of performance reports. One
hundred and thirty -four managers participated in the study, returning questionnaires in which they described, rated
and criticized the performance reports
which they received during the preceding year.
T IS BECOMING

I

Burnard H. Sord and Glenn A. Welsch, BusiBudgeting, Controllership Foundation,
Inc., New York, 1958.
'Chris Argyris, The Impact of Budgets on
People, Controllership Foundation, Inc., New
York, 1952.
ness

The Central Questions
The study was designed specifically to
investigate the following questions:
1. Are the attitudes of managers toward
performance reports, as measured by
the ratings given to the reports, diectly related to the frequency with
which the reports are provided?
2. Are the attitudes of managers toward
performance reports directly related
to the degree of success or failure in
peformance as evidenced by the performance reports?
3. Are the levels of aspiration of managers raised or lowered as a result of
success or failure in performance in
the preceding period as indicated by
performance reports?
4. Are performance results directly related to the frequency of feedback on
performance?
It was also hoped that the comments
offered by the participating managers
would help in understanding the psychological impact of performance reports and hence in improving their
preparation and use.
Design of the Study
The information for the study was obtained by mail questionnaires. The first
main section of the questionnaire asked
the respondent to describe one or two

DR. DORIS MARIE COOK, CPA, is Associate Professor of
Ac co u nting at th e Un ive rsity of Ark a n sa s, Fayetteville, Arkansas. Dr. Cook holds bachelor and master degrees from the
University o f Ark a n s a s a n d a Ph . D. de gre e fro m Th e University o f Tex as. She was formerly e mp loy ed with Haskins &
Sells in Tulsa, Oklahoma.
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of the r e g u l a r performance reports received by him which he considered to
have the most v a l u e in controlling operations, and one or two which he
considered to have the l e a st v a l u e . The
description included the frequency of
the report. The term "performance report" was defined broadly to include any
report designed specifically to facilitate
internal managerial control. All subsequent parts of the questionnaire referred
to the original list of reports provided
by the respondent.
Since information was needed concerning the results of performance as indicated by the reports, the questionnaire
requested each respondent to classify
the reports which he received during the
previous year into three groups: (1)
reports showing above - average performance, (2) reports showing average performance and (3) reports showing
below- average performance. The basis
of measurement of performance was defined as being standard, budgeted, performance of the previous year, or any
similar method of measurement.
Page two of the questionnaire asked
the manager to rate on an ascending
scale from 1 to 5 his "attitude" toward
the reports he had received during the
previous year, as measured by hi s interest in and satisfaction with the reports. The respondent was asked to give
specific reasons for his rating as well as
suggestions for major improvements.
Pages three and four of the questionnaire listed some of the usual criticisms
and benefits of performance reports.
The respondent was asked to check only
those which applied to the reports which
he received, and to add any other comments which he deemed revelant. Two
of the items listed on these pages were
intended to serve as a measure of the
effect of success or failure in performance on the level of aspiration of the
respondent. These two items read as
follows:

were successful in the previous period, it
raises my interest, my confidence, and
my expectations of achieving even greater
success in the next period.
Criticism 9: When the performance report indicates that some of my decisions
and activities were not particularly successful in the previous period, it tends
to reduce my interest and confidence,
and therefore tends to lower my expectations of what I can achieve in the next
period.
The sample of managers selected for
the study was a judgment sample based
on several desired characteristics, rather
than a random sample of all managers.
The 100 firms selected were manufacturing companies, of varying sizes, geographically dispersed throughout the
United States. Five questionnaires were
mailed to each firm, with the request
that as many as possible be completed
by middle managers, rather than top
executives (such as presidents and vice presidents) and first -line supervisors
(such as department foremen).
One hundred and thirty -four managers from 59 different companies completed and returned the questionnaires.
The 59 companies represented were
located in 38 cities and 16 states. The
largest percentage of companies were of
small or medium size, as measured by
number of employees and annual sales.
The managers participating in the field
study occupied a variety of positions,
with the largest number holding the
position of General Manager (or a similar title) and the second largest number
holding the position of Production Manager. Other positions included Accounting Manager, Sales Manager, Production Control Manager, Personnel
Manager, Project Manager, Manager of
Maintenance and Construction, etc. The
average length of time that the managers
had been with their present firms was
16 years, and the average number of
years in their present positions was 5
years.

Benefit 3: When the performance report

Results of the Study
The results of the study indicated the

indicates that my decisions and activities
JULY 1968
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following relationships, which were verified by statistical tests:
1. The attitudes of managers toward
performance reports are directly related
to the frequency with which the reports
are provided. A chi - square test of the
ratings classified according to the frequency of the reports (Table 1) revealed a statistically significant difference among these five groups at the .99
confidence level.
One significant fact which was clearly

evident from the research was that the
participating managers generally gave a
very high rating to the reports which
they received. One manager wrote, "We
receive no reports that fall in the category of 1, 2 or 3." Another noted, "If
the reports did not measure up to number 5 rating, we would request that they
be changed or discontinued." Several
managers did not list any reports under
the "least valuable" section, explaining
that all their reports were valuable.

Table 1
AVERAGE RATING OF PERFORMANCE REPORTS BY PARTICIPATING MANAGERS,
CLASSIFIED BY FREQUENCY OF REPORTS

&

&

Frequency of reports
Daily
Weekly bi- weekly
Monthly
Quarterly
Annually semi - annually
Total

Average
rating

Number of
reports

Percentage

4.45
4.29
4.03
3.70
3.25
4.01

22
49
294
38
20
423

5
12
69
9
5
100

It might be noted that the largest percentage of performance reports listed by
the respondents were monthly reports
(apparently typical of reports for middle
management). The fact that the average
ratings were higher for daily and weekly
reports does not necessarily imply that
all reports should be prepared on a daily
or weekly basis. The cost of this change
obviously would be prohibitive. A more
realistic generalization is that information which is considered more valuable
by the managers should be provided

more frequently and less essential data
should be provided less frequently.
2. The attitudes of managers toward
performance reports are directly related
to the degree of success or failure in performance as evidenced by the performance reports. Since a chi- square test of
the ratings classified according to performance results (Table 2) indicated a
statistically significant difference at the
.99 confidence level, it was concluded
that there was a direct relationship between these two factors.

Table 2
AVERAGE RATING OF PERFORMANCE REPORTS BY PARTICIPATING MANAGERS, CLASSIFIED
BY PERFORMANCE RESULTS AS INDICATED BY REPORTS

Performance results
Above average
Average
Below average
Total
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Average
rating
4.54
3.89
2.84
4.01

Number of
reports
168
216
39
423

Percentage
40
51
9
100
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3. The levels of aspiration of managers are raised as a result of success in
performance in the preceding period as
indicated by the performance reports,
but the efject of failure is not as clearly
indicated. This was to be measured by
the percentage of respondents who
checked the two items included in the
benefits and criticisms for this purpose.
This method of determining shifts in
level of aspiration is similar to that used
in a st ud y by Child and Whiting. 3 In
their experiment, changes in level of
aspiration were measured by asking each
subject if his level of aspiration was
raised or lowered following an incident

in his life which he had previously described.
The percentage of the respondent
managers who checked each of the two
items at least once is shown in Table 3.
This tabulation shows that 76% of the
respondents checked Benefit 3. This percentage agreed closely with the frequency of upward shifts in level of
aspiration after success as indicated by
other studiCS.4 The percentage appeared
sufficiently high to support the conclusion that success as evidenced by the performance report generally tended to
raise the level of aspiration of the respondents.

Table 3
PERCENTAGE OF RESPONDENTS CHECKING ITEMS
USED TO MEASURE SHIFTS IN LEVEL OF ASPIRATION

Item
Benefit 3
Criticism 9

Number of
respondents
101
13

However, only a small percentage of
respondents checked Criticism 9. Apparently success tended to raise their
level of aspiration but failure did not
tend to lower it.
Perhaps one explanation of this phenomenon is that these particular managers had not experienced recently the
degree of failure necessary to induce a
decrease in level of aspiration. Experiments dealing with level of aspiration
have generally concluded that the probability of a lowering is less with "weak"
failure which does not decrease the subject's confidence in his ability to attain
goa l s . Table 2 reveals that less than
' I rvi n L. Chil d an d Jo h n W. M . Whit ing,
"D e t e rm i n an t s of Level of Aspi rat i on: Evide nc e fr om E ve r yday Li fe ," i n Ho w ar d Brand
( e d .) , The Study of Personality, John Wi l e y &
Sons, Inc., N e w Y o r k , 1954, pp. 495 -508.
' Ku rt L e w i n , T am ar a D e mb o, L e on F e s t i nge r ,
an d Pauli ne S. Se ars, "Le ve l of Aspi ra t i on,"
in J . M c V . Hu nt ( e d.) , Personality and the
Behavior Disorders, Vol ume, 1, T h e Ronal d
Pr e s s C om pa ny, N e w Y o r k , 1944, pp. 333-78.
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Percentage
76
10

10% of reports listed by the participating managers evidenced below average
performance. Further evidence of the
success of these particular managers is
indicated by the long period of time
with their present firms (average of 16
years) —they would not have remained
so long had they experienced failure
rather than success.
Therefore, the conclusion was that the
levels of aspiration of managers are
raised as a result of success in performance in the preceding period as indicated
by the performance report, but that the
effect of failure is not as clearly indicated.
4. Performance results are directly
related to the frequency of feedback on
performance. For this analysis, a numerical score was assigned to the performance results as indicated by the reports as follows: above average = 3,
average = 2, and below average = 1.
'C h i l d a n d Whi t i n g, op. cit., pp. 495 -508, and
Lewin et. al., op. cit., pp. 333 -78.
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A chi - square test of the resulting performance scores classified by the frequency of the reports (Table 4) indi-

cated a statistically significant difference
at the .99 confidence level.

Table 4
AVERAGE OF PERFORMANCE SCORES AS INDICATED BY LISTED REPORTS,
CLASSIFIED BY FREQUENCY OF REPORTS

of reports

Frequency

&

&

Daily
Weekly bi- weekly
Monthly
Quarterly
Annually semi- annually
Total

Average of
performance scores

2.60
2.65
2.30
1.95
1.70
2.30

The primary implication of this relationship is that information which is
more essential for effective control of
performance should be provided more
frequently and that less vital data should
be provided less frequently.
Reasons for Ratings and
Suggestions for Improvements
The reasons given by the respondents
for a fav o rab le rating of reports, in order
of frequency given, were as follows:
Measures accomplishment
Information is necessary for efficient control of operations
Pinpoints areas which need attention
Gives information essential for decisions
Report is accurate and complete
Furnishes essential information on a
timely basis
Enables establishing individual responsibility
Acts as stimulus and motivation for improvement
Makes me feel an integral part of company
The last two reasons listed, although
not frequently given, are of particular
interest because they emphasize that
performance reports may have an important psychological effect on the manager.
The reasons given by the respondents
an u n fa v o ra b le rating of reports, in
order of frequency given, were as
follows:
30

Number of
reports

Percentage

22
49
294
38
20
423

5
12
69
9
_5
100

Contains noncontrollable items and factors outside of my responsibility
Information is inaccurate
Information is available elsewhere
Report is received too late
Information is incomplete (need geographical or product breakdown, quantities, percent, etc.)
Too many generalities; too consolidated
Not a true measure of accomplishment;
does not indicate true conditions; misleading
Poorly presented
The problem of noncontrollable items
being included in the reports was indicated also in a previous study of business budgeting by Sord and Welsch.6 It
is of significance that several of the reasons given for unfavorable ratings of
reports indicated that the recipients did
not consider the information an accurate measure of performance.
The suggestions for major improvements of performance reports expressed
by the participating managers, in order
of frequency given, were as follows:
More timely or more frequent reports
More details in report (geographic or
product breakdown, percentages, quantities)
More accurate information, breakdown
of items, allocation of general expenses
Show only unusual or changing items;
segregate unusual items
Sord and Welsch, op. cit., p. 226.
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Use a different measu rement of a c c om plishment; revise performa nce standards; compare to bu dget; revise bu dget
Better explanations of va ria nces

Better expla na ti on o f go a ls; pu rpose of
report
Criticisms

Rearra nge for ea sier understa nding

T h e crit ici sms fr o m P a g e 3 of the
qu e st i on n a i r e ha v e be e n re a r r a n g e d in

Include only controlla ble items
More mea ningful definitions of terminology

T a b l e 5 a c c o r d i n g t o t h e f r e q u e n c y wi t h
wh i c h they we r e c h e c k e d by th e man a g e rs:

Table 5
CRITICISMS OF PERFORMANCE REPORTS
ARRANGED ACCORDING TO FREQUENCY CHECKED BY RESPONDENTS
Criticism

Frequency

Reports do not include the real reasons that performance was below average.

137

The reports a re received too late following the end of the reporting period;
by the time they are received the informa tion is past history and mu ch of its
usefulness is lost.

109

Expenses which a re not controllable within my department are included in
the report without sufficient identification tha t they are not controllable.
The time span covered by the performa nce reports is too long; the long gap
between the point of decision (or activity) and the reporting of results hinders
making effective adjustments.

69

68

The performance reports are used primarily as a pressure device to continually
prod the ma nagers to increase outpu t or decrease costs.

61

Comparison of actua l expenses with budgeted expenses as a standard is not
always a n accurate measure of performance becau se bu dget allowances a re
not a djusted to the actual level of output or activity.

59

Reports always seem to emphasize errors, weaknesses, and failures, and very
little recognition or appreciation is given in the reports for successful achievement.

40

My errors a nd fa ilu res a re ma de a pa rt of the perma nent records a nd a re
reported to a ll my superiors throu gh the distribu tion of the performa nce
reports.

36

Unfa vora ble items on the performance report for my depa rtment a re investiga ted a nd ana lyzed by the bu dget department; this shou ld be the responsibility of my immediate superior or myself since we are more familiar with the
opera tions of the depa rtment.

19

Compa rison of a ctu al resu lts with bu dgeted is not an accura te mea su re of
successful performance because the budget goals are unrealistically high.

18

When the performance report indicates that some of my decisions and activities were not particularly successful in the previous period, it tends to reduce
my interest and confidence, a nd therefore tends to lower my expectations of
what I can a chieve in the next period.

13

Others (a dded by respondents)

22

Total
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The most frequently checked criticism, that the reports did not include the
real reasons, was also noted by Argyris.7
The second and the fourth most frequently checked criticisms indicate that
the timeliness of reports is significant
from the standpoint of the psychological
impact. Becker and Green suggested
that the feedback of performance results
acts as rewa rd or p uni shme nts It can
serve either to reinforce or extinguish
previous behavior. Psychologists generally have concluded that the effectiveness of reward or punishment diminishes
quickly as the time interval lengthens
between an action and the reward or
punishment administered for it.°
Another frequently checked criticism
—that the performance reports were
used primarily as a pressure device —was
emphasized by Peircelo and Argyris.11
The criticism that the reports always
seemed to emphasize errors, weaknesses
and failures was not checked as frequently as some of the other criticisms,
but there was a sufficient number of the
° Argyris, op. cit., p. 13.
Selwyn Becker and David Green, Jr., "Budgeting and Employee Behavior," Journal of
Business, October 1962, p. 400.
Robert N. Anthony, Management Accounting, Revised Edition, Richard D. Irwin, Inc.,
Homewood, Ill., 1960, p. 320.

respondents who included it to emphasize its significance.
Two of the criticisms added to the list
by the respondents merit additional attention. One manager stated that the
"report does not reflect the quality of
the job." This criticism pertained to a
specialized type of report, but it is a
factor which should be considered in
any situation where quality as well as
quantity is important. Three managers
gave the criticism that the "reports are
not related to overall company operations, but are written as one isolated segment" (or a similar wording). It has
been pointed out that if one department
reduces costs by measures that cause
cost increases in other departments, this
is certainly not in the overall interests
of the company.12 The essence of both
of these criticisms is that managers do
not want their performance to be measured by a superficial standard.
Benefits
The benefits listed on Page 4 of the
questionnaire have been rearranged in
Table 6 according to the frequency with
which they were checked by the participating managers:
"James L. Peirce, "The Budget Comes of
Age," Harvard Business Review, May -June
1954, p. 59.

" Argyris, op. cit., p. 14.
"Anthony, op. cit., p. 317.

Table 6
BENEFITS OF PERFORMANCE REPORTS
ARRANGED ACCORDING TO FREQUENCY CHECKED BY RESPONDENTS
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Benefit

Frequency

When a performance report indicates that a problem exists in my department,
I derive satisfaction in tackling the problem and finding a successful solution
for it.

226

To achieve satisfaction in my work, I must have an indication of my success
or failure; this is provided by the performance reports that I now receive.

215

With the use of timely reports, I can spot mistakes and wrong decisions as
early as possible and can take whatever corrective action is indicated.

214
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The performance reports assist me materially in controlling the activities of
subordinates.

194

The reports pinpoint the exceptional items which require my attention as a
manager, thus saving much of my time and effort.

178

The reports provide knowledge of results of my decisions (or activities) in the
previous periods which is essential for planning for the following period.

178

When the performance report indicates that my decisions and activities were
successful in the previous period, it raises my interest, my confidence, and my
expectations of achieving even greater success in the next period.

158

The reports that 1 now receive which show that my efforts were successful
enable me to gain the recognition, appreciation, and respect of my superiors
and fellow managers.

115

If 1 know in advance that my performance is going to be judged and shown in
a report, I am more likely to exert greater effort to achieve success than I
would be if the results were not to be reported.
104
Total
1582

One significant fact immediately apparent from a comparison of Tables 5
and 6 is that the managers participating
in the research considered the benefits
obtained from the performance reports
which they received to be far in excess
of any criticisms which they had. The
benefits listed were checked a total of
1,582 times compared with 651 times
for the criticisms.
The most frequently checked benefit
stated: When a performance report indicates that a problem exists in my department, I derive satisfaction in tackling the problem and finding a successful
solution for it. Psychological studies
have indicated that managers on their
way up in their companies usually have
a strong achievement drive.'$ One of
the characteristics of the achievement
motivated individual is that he takes a
special joy in winning, in competing
successfully with a difficult standard. It
is significant also that the person with a
strong achievement drive will be stimulated to greater efficiency if he is told
precisely what is right or wrong about
"S a u l W . Gellerman, Motivation and Productivity, American Management Association,
Inc., New York, 1963, p. 124.
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his performance. Performance reports
supply this essential information.
The second most frequently checked
benefit stated: To achieve satisfaction in
my work, I must have an indication of
my success or failure; this is provided
by the performance reports that I now
receive. The positive effect of feedback
on the attitude of participants and the
negative effect of the lack of feedback
have been revealed by several experiments in psychology.14
Although the last two benefits listed
in Table 6 were less frequently checked
than the others, their significance should
not be overlooked.
General Recommendations
On the basis of the findings in this
study, the following general recommendations concerning performance reports
are offered:
1. Performance reports should be provided as frequently as costs and other
circumstances permit. The effective
time span will vary with the type of
" Harold J. Leavitt and Ronald A. H. Mueller,
"Some Effects of Feedback on Communication," Human Relations, August 1951, pp. 40110.
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3. Reports should give appropriate
cred it for fa vor a ble pe rfo rma nce rather than always emphasize only
fa ilures, errors a nd wea knesses.
4 . T he r ep or ts shou ld inclu de, if possible, the rea sons tha t performa nce wa s
below average. This wa s the most
frequ ently checked criticism of performa nce reports. Where possible, the
explanations shou ld be work ed ou t
wit h t he pe rform er pr ior t o p re pa r a tion of the final report.
5. Provide as mu ch detailed informa tion as specifically needed by ea ch
recipient. T he type of da ta which the
ma na gers in the stu dy suggested for
additions to their reports included
geographical or product brea k down,
percentages, quantities, etc.
6. Inclu de only controllable items and
fa ctors within the responsibility of
the recipient. If noncontrolla ble
items a re inclu ded in the report, they
shou ld be clea rly designa ted a s su ch.
T he recipient tends to resent ha ving

34

Reports should be accu ra te. One of
the most frequ ently given rea sons for
a n u nfa v or a b le ra ti ng o f th e reports
by the ma na ge rs wa s t ha t th e informa tion wa s ina ccu rate. Even the su spicion that the informa tion is inaccu ra te will tend to ca u se the recipient
to reject it a s a me a su r e of h is p er forma nce.
8. Compa re a ctu a l results with a n a ccu rate, fa ir and appropriate basis of
mea su rement. Where a ppropria te, the
of the job should also be
mea su red.
items
9. Empha size the
which require the attention of the
ma na ger, thus saving mu ch of his
time and effort. This su ggestion wa s
frequently given by the ma na gers.
Several suggested that only the unusu a l or cha nging items be shown on
the report.
exceptional

2. T he report shou ld be provided as
soon after the end of the reporting
period as possible. A frequ ent criticism give n by the ma na gers wa s tha t
the re ports were r eceive d too la te.

noncontrolla ble items presented as
if they were his responsibility.

quality

report, informa tion which is more
essential for control shou ld be provided more frequ ently and less vital
da ta shou ld be provided less frequ ently. For middle ma na gers, monthly reports are typica l.

10. Avoid u si ng th e pe rfor ma nce rep orts
as a pressu re device to prod the ma nagers continually to increa se ou tpu t
or decrea se costs. T oo mu ch pressu re
tends to increa se tension a nd fru stra tion, which eventually leads to less
effectiveness ra ther than increased
performa nce. Ca re mu st be taken
that empha sizing the exceptional
items as recommended above does
not encou rage the use of performance reports a s pressu re devices.
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A Control System of Profitability of New Products

ow S H O U L D modern management
cope with the more frequent,
more costly designs of new product in a
rapidly changing technological environment in order to maintain a profitable
financial position in the face of more
intensive competitive selling conditions?

H

Assumptions
It is a generally accepted fact that the
average life of a product has been materially shortened within the last 10 to
15 years.
New designs, particularly in industrial
products, have become more complicated, more sophisticated, more costly
to research, design, tool and produce.
Customers demand more specialized
attention than ever before. In a competitive market the cost of such a service
or specially designed product cannot always be passed on to the customer.
It is a foregone conclusion that in a
highly competitive market the going
price level for a given quality product
of a given function must be accepted
without serious deviation. The trend toward diversification by larger corporations into other fields and their willingness to underwrite the diversification in

those fields for certain periods of time
have not lessened but, instead, have intensified the competitive situation in
many industries whose fields have been
thus invaded.
Most markets are not expanding at
rate significantly different from Gross
National Product, say 3% to 5% per
year on average. In the short run, then,
there is relatively little gain to be expected or achieved through cost reduction because of a suddenly larger quantity of manufacture except in rare
instances of a major breakthrough in
technology, application, or shift in customer demand or loyalty.
These assumptions, in total, form
the framework of the current "profit
squeeze." What can be done about it?
a

B y EDMUND B . KING

Need for New Product Profitability
One obvious possibility if we can't
raise prices is to cut expenses. For the
last several years financial divisions of
industry have been sharpening their pencils, cutting here, there, in all areas to
reduce overhead. Larger capital appropriations have been approved for automated equipment in manufacturing and
office operations. But costs still rise —
from the need for more highly trained
and more costly personnel, for more
services, for replacement of machinery

E D M U N D B . K I N G is Assistant Department Head of the
Budget, Statistical and Market Research Department at
Taylor Instrument Companies, Rochester, N. Y. He holds
degrees of Bachelor of Civil Engineering from Cornell University, and M.B.A., from University of Rochester.
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rendered more frequently obsolete, from
inflation, from greater fringe benefits,
more taxes and, certainly not least in
importance, from the need to maintain
research and engineering in order to
bring out new product in greater variety,
number, quality, at more frequent intervals.
The advent of greater quantities of
new product has not been overnight —
there has been a gradual transition. It
is not surprising, therefore, that the resulting erosion of profits is sometimes

discounted by an assumption that there
is a natural "profit squeeze" attributed
to rising overall expenses, rather than a
significant rise directly attributable to
new product.
It is important, then, that we examine
this growing segment of operations to
determine what can be done beyond
"expense reduction" to protect future
profit margins.
Example
In our simple example, let us first define terms as follows:

S = Unit net selling price of a product
FC = Unit factory cost of a product, including material, labor and factory - applied
burden according to standard cost accounting procedure
GP = Unit gross profit arising from manufacturing (GP = S — FC)
Q = Annual quantity sold (or manufactured) of a product
R = Annual revenue from sales of a product (R = SQ)
p = Gross profit as a percent of FC (p = GP
Product X, now obsolete and requiring to be redesigned to remain competitive, has been manufactured during the
last two or three years at an average GP
of 100% over FC (GP = FC; S =
217C). Excluding costs of research, design and tooling, company profits will
shrink appreciably unless one of two
situations occurs: (1) manufacturing
costs are relatively the same on Product
Y (a design change of Product X) as
they were on Product X, or (2) volume
is increased at lowered average marginal
profit. If we are willing to increase volume at a sacrifice in profit, how much
additional volume do we need to assure
the same dollar gross profit amount as
before?

100

(c) QxGPx = QY(2FCx — FCY)
QxFCx
QY __ 2FCx — FCY
or (d) QY = KQx, where K =

FC x
2FCx — FCY

Now, since p = GP • 100,
FC
(e)
and

pY

p

= Sy — FCY , 100
FCy

Y = 2FCx — FCY - 100
FCY

Solving, (f) FCY = 200FCx
10 0+pY
and substituting (f) in (d), we have

(a) GPx = Sx — FCx = FCx; Sx = 2FCx
(b) Sx = Sy

(g) K =

FCx

2FCx — FCx - (100200
+

l
pY/

(c) QxGPx = QYGPY = QY(SY — FCY)
Substituting for Sy,
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It is evident from equation (d) above
that if FC Y is higher than FCx then K
is greater than 1 and increases geometriMANAGEMENTACCOUNTING

cally in relation to increases in FCl until
F Cy approaches 2FCx. Beyond that
point it becomes impossible at any volume of Y to equal former gross profit

because costs are in excess of selling
price. How volume increases for Y as
gross profit percent drops is illustrated
in the following table of sample values.

FC)- = F C x ( 1 0 0

+

Table I

py /
200

2/3

FCx

.75

150

.8

FCx

.833

100

1.0

FCx

1.0

80

1.11 FCx

1.125

70

1.177 FCx

1.215

60

1.25 FCx

1.333

50

1.333 FCx

1.50

40

1.43 FCx

1.753

Thus, even if gross profit margin on
new product is 70% over FC, volume
must rise 21 1/ 2 % to maintain the same
gross dollar margin as before without
writing off any special associated costs.
If the new product gross margin percent
is only 50% ove r FC, a 5 0% increase
in quantity is demanded to maintain the
same dollar margin as before! Since it
has been assumed that this is a redesign
situation to replace an existing product,
such sales gains are unrealistic under
normal circumstances. The need for
early financial control, then, is urgent if
we are to protect the profit position.
Suppose now that we have an entirely
new product added to the line. This
would not necessarily require that we
generate any replaced profit margin of
an obsolete item, but create a new area
for profit enjoyment. What happens?
Let us assume that our Research and
Engineering do their work at a cost approximately 20% of one full year's sales
value of the product to be introduced.
Tooling cost is assumed to be 10% of
one full year's sales value of the same
JULY 1968
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product. Selling expense is anticipated to
be the usual 15 %, and administrative
and engineering (operating) expenses
are estimated to be 15 %. This situation
permits the company to operate at a
20% margin before taxes on a normal
100% margin over factory cost, as
follows:
R = SQ
FC= 1 /2SQ

then, Operating profit = 0.5SQ
3SQ
Less, Selling expense l
Adm. & eng. expJ
0.2SQ
Profit before taxes
If research, engineering and tooling
cost = 0.3SQ, the capital recovery cost
per year over a 5 year life of the product
is .33438 X 0.3SQ, or .100314 SQ /yr.
For the first five years (perhaps this is
the end of the life of the product) profit
before taxes in reality is cut to 10% on
this portion of the business after allowing for recovery of investment costs,
provided the factory costs remain at
50% of the selling price. If it is assumed
gross profit percents of 40% in the first
37

taxes on this portion of the business
drops to approximately 2% per year, as
shown in the table below:

year, 60% in the second, 80% in the
third, and 100% in the fourth and fifth
years are adequate, the profit before

Table 2
Expenses
Cap. recov.

Total

FC

costs

Total
R

Profit
before taxes

.715SQ
.625SQ
.565SQ
.500SQ
.500SQ

OASQ
OASQ
OASQ
OASQ
OASQ

1.115SQ
1.025SQ
.965SQ
.900SQ
.900SQ

SQ
SQ
SQ
SQ
SQ

— .115SQ
— .025SQ
.035SQ
.100SQ
.100SQ

2.905SQ

2.OSQ

4.905SQ

5SQ

0.095SQ

+

1
2
3
4
5

p

Year

(°Ja )
40
60
80
100
100

If in the first year the full annual
quantity is only half fulfilled, no five year profit before tax results because the
capital recovery cost more than offsets
the reduced factory cost during that
period.
Thus we see that regardless of the
purpose of introduction —(1) replacement of product or (2) marketing of
new product lines, the need for immediate financial control is more urgent
than ever in a period when fast capital
recovery is required and profit margins
must be protected. What plan can be
evolved for adequate financial control?
Design of the System
T h e Pr e s e n t S y s t e m . Just as there has

been an acceleration in the rate of introduction of new products, so must there
be a corresponding acceleration in the
means of asserting financial control.
The financial control function has always been a time - consuming, methodical task. Parts are manufactured over a
period of time (months) before costs
are determined. Other months pass while
this information is disseminated through
routine channels of inventory accounts,
invoices to customers, tabulation of invoices, consolidation of data, analysis of
data, management review, conferences
and, finally, corrective action. One possible time -table of current job shop operation might be as follows:

Table 3
Sample Timetable

Parts mfg.
Cost calculation
Inventory a/c
Assignment to invoices
Tabulation of invoices
Analysis of tab.
Management review
Conference study
Corrective action
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Lot #1

Lot #2

Lot #3

Lot #4

Jan. -Feb.
Mar.
Apr.
Apr. -June
May -July
Aug.
Sept.
Oct.
Nov.

Apr.-May
June
July
July -Sept.
Aug. -Oct.
Nov.
Dec.
Jan.
Feb.

July -Aug.
Sept.
Oct.
Oct. -Dec.
Nov. -Jan.
Feb.
Mar.
Apr.
May

Oct. -Nov.
Dec.
Jan.
Jan. -Mar.
Feb. -Apr.
May
June
July
Aug.
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It is evident from the above table that,
based on ordering four times per year,
a part can be in its fourth lot of manufacture before financial control action
can be implemented as a result of findings from the first lot! The situation is
rapidly worsened by delays in any of the
steps outlined, particularly by the adoption of a "wait and see" attitude by the
cost department or industrial engineering or engineering department to determine if a different cost from the "goal'
might not be a "mistake." (This is an
excellent excuse for not examining the
basic causes immediately to initiate
needed action.)
An inherent delay occurs because of
various levels of sub - assemblies of parts
and other sub - assemblies which must reflect changed costs before a changed
final assembly cost of the product is
assigned an invoice for tabulation and
analysis. The longer the time -lag between practice and recorded results, the
less confidence there is in all data and
the more difficult it is for management
to "get the facts" to make a sound decision.
Some speed -up can be attained by
shortening each of several of the above
steps. For example, a monthly tabulation of results, combination of analysis,
review, study (engineering, for instance)
and more prompt attention at each step
will reduce the cycle. The best that could
be hoped for under these conditions,
however, might be action before, instead
of after the fourth lot is started. This is
not enough gain in the cycle to attain
financial control of profits for the first
year as a whole, and we have seen from
earlier discussion that this objective is
imperative.
The Closed Loop System
General. The closed loop system is
patterned after many industrial instrumented processes. In such a process a
process variable (temperature, pressure,
flow, etc.) is measured by a sensing
element, and the result is transmitted to
JULY1968

an indicating- controller or recording controller. The controller compares the
measured signal against a pre- determined "set point" and, in turn, operates
a valve or series of valves regulating the
flow of ingredients in order to adjust the
process in line with the set point. It is
the controller feedback circuit which
keeps the process controlled with minimum deviation from "normal." If there
is to be control, we must have feedback
and the loop must be closed.
Basic Requirements. The set point in
financial control is a pre- determined
value or goal, such as an estimated factory cost. A preliminary cost estimate,
which is usually necessary before authority is granted to proceed with product design and introduction, often is
made obsolete by design changes which
occur after the preliminary cost estimate
preparation and before the product introduction. In addition, parts very often
are not completely identified or numbered in a preliminary cost estimate except by description. Hence, the necessity
for preciseness is self - evident. A final
cost estimate, covering each component
part and assembly, is the first basic requirement for a closed loop system of
financial control.
The second requirement for control is
advance determination of the specific
key component parts or assembly operations which constitute a significant portion of the total estimated cost but which
are not so numerous that the cost of
deviation comparison becomes prohibitive. These key parts are the ones whose
set points are used to control the ultimate cost of the entire product.
It is important, however, that deviation control be initiated at the simplest
component level. Two disadvantages occur if deviation control is instituted at
sub - assembly or final assembly level:
(1) further analysis must be applied
anyway to establish the fundamental deviations of component parts or operations and (2) valuable time is lost in
waiting for results at sub - assembly level.
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The example in the sample timetable
(Table 3), illustrates the lack of early
control occasioned by the latter "wait and-see" approach.
The third requirement, of course, is
the existence of the loop itself —the
means of information transmittal, the
feedback circuit, the ability to take corrective action as a result of the feedback.
Responsiveness of the Circuit. Let us
take a look at a typical "loop," or
process, without control other than overall review. In the introduction of new
product we have three basic ingredients:
( I) design, (2) price and (3) methods
of manufacture. As these three basic
ingredients are mixed in the initial
phases of the manufacturing process the
financial results are transmitted by the
cost and inventory departments to tabulation and analysis departments. However, the "average" cost derived from
tabulation analysis is not always adequate as a comparison against one final
product "set point." Even if deviation is
appreciable, further analysis is necessary, time consuming and fraught with
pitfalls because of inadequate information.
The effectiveness of any control circuit depends on (1) its closed loop
characteristic, (2) the accuracy of its
measurements and (3) the speed and
sensivity of its responses. If there is too
much time lag in the transmitter-recorder- controller circuit, the process will have
undue variability from the set point. If
there is a break in the loop no control
is possible. Therefore it is necessary to
complete the circuit and accelerate information flow as a first step toward
maximization of financial quality and
quantity.
An illustration of how this acceleration can be accomplished is shown in
Exhibit 1, where broken lines indicate
the feedback (No. 2) circuit within the
basic (No. 1) framework of the loop
(full lines). It can be seen we have
shortened the cycle by establishing a
40

second feedback circuit to by -pass the
formal tabulation, analysis and review
on those key components on which set
points have been established. These key
components and their set points must be
known by the cost department in advance of manufacture. In addition, the
acceptable deviation tolerance from each
set point must be agreed upon in advance of manufacture, just as machine
tolerances are defined.
Just as an industrial process goes "on
stream" with established set points, so
should we try to go "on stre am" with
the best cost set points that can be established realistically. This technique allows
the cost department to notify the engineering design, industrial engineering
and sales departments as well as, for
checks and balances, factory supervision
and the controller, of key component
deviations long before they show up in
final product tabulation analysis and review by top management.
The reason is not to by -pass top management but rather to motivate the
working departments speedily so that
corrective action can be initiated voluntarily on components many months before top management pressure forces the
issue on the final product. Voluntary,
motivated action is always preferable to
forced action, not only from the human
relations standpoint but also from the
profit standpoint. Information copies on
critical items to factory supervision and
the controller will help to motivate the
operating departments.
Deviations from set points might call
for modification of the methods of
manufacture on the very next lot or, if
industrial engineering believes there is
no room for improvement, conference
work with the engineering design department might call for a redesign of
a component part or sub - assembly to
bring total costs in line before another
lot is started. This sensivity and speed of
response, coupled with the "set points"
of control on key items, constitute the
most important innovation in the "closed
MANAGEMENTACCOUNTING

The Process
For Closed Loop Control
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EXHIBIT 1

loop concept.” Without them we do not
really have a "closed loop."
Communications. What else can be
done to improve the responsiveness of
the circuit by reducing transmission lag
and by improving accuracy in new product information? At each stage of the
transmission process, communication
must be accelerated. New product, espeJULY 1968

cially key components, need to be given
priority in each paperwork calculation
over similar work on existing product.
Some of these paperwork operations
where priority to new product should be
given are as follows:
1. Closing of manufacturing folders.
Actual cost calculation should not be
delayed during partial reclamation on
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a production folder. Reclamation
quantities should be transferred to
the next production lot.
2. Folder calculation. Folders on key
items should be calculated on an
urgent priority basis regardless of
other work backlog in the cost department.
3. Inventory re- evaluation. Ledger account costs on key items should be
modified on an urgent priority basis
so that revised costs are reflected in
subsequent assemblies and final product as rapidly as possible to satisfy
the deviation comparison and review
in Feedback Circuit #1. The same
action reduces variations commonly
charged directly to Cost of Sales (P
& L) without being assigned to a
product account.
4. Invoice implementation. Modifications of costs on key items, whether
parts or assemblies, should be reflected immediately in costs assigned to
invoices for purposes of overall management control (Feedback Circuit
## I ). Periodic revisions of sub- assemblies and final assembly should be
more frequent on new product than
on old for adequate financial control.
Attention to the above paperwork
procedures will not only accelerate the
flow of information, but also will provide more reliable cost data for evaluation of new product profitability.
Conclusions
More frequent introduction of new
product throughout the economy in the
last decade has focused attention on the
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need for accelerated write -off of research and development costs, but in
addition it has created the need for accelerated financial control of manufacturing costs in order to minimize the
profit squeeze.
In order to meet the challenge of accelerated financial control we must create, in addition to conventional feedback
information to top management on final
product costs, a second feedback circuit
to operating departments which will incorporate realistic "set points" of cost
on the key components which represent
most of the proposed product cost. We
must define in advance acceptable tolerances for deviation from each of those
set points, and we must accelerate the
handling procedures of information
which will give this "closed loop system" a sensitivity of response heretofore
impossible. In so doing we will improve
the reliability of cost data, minimize inventory variations and improve confidence in cost data used by all divisions
of the manufacturing enterprise.
The "closed loop system," incorporating key component set points of cost,
two feedback circuits, accelerated communication, and sensitivity of response,
will protect the current overall profit
margins and assure the capability of
continued future growth by extending
the profitable life and reducing the unprofitable period on new product introductions which today represent an increasing segment of total revenues and
costs.
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Inventory Simulation: Concepts,
Implementation and Benefits
B y G . R EESE VANCE
for product variation dictates more than ever that a
company's inventory policies must be
wisely chosen. Such policies can make
a very real difference in a firm's ability
to promptly satisfy customer demands
while minimizing the expense of maintaining an adequate inventory.
Many advanced decision - making tools
have recently become available to management. A marriage of two of these
tools — simulation techniques and the
modern computer —can aid management
significantly in minimizing inventory
costs.

T

OD A Y ' S D E M A N D

Basic Concepts
Computer simulation allows the user
to test and evaluate the interfaces among
various inventory parameters and to
fashion the inventory system best suited
to the firm's overall objectives. These
parameters include demand, economic
order quantities, order lead time, unit
cost, expediting costs, estimated carrying costs, and economic forecasts. Other
factors affecting the system may also be
introduced. The interaction among the
parameters is studied by inserting the

data in a mathematical model of the
proposed inventory system, and processing it in the computer to determine what
would have happened under controlled
conditions.
Endless revisions in the inventory
parameters may be tested until a system
is found that meets management's criteria: these involve the desired level of
customer service, the inventory maintenance cost, and the total inventory investment. The relative emphasis to be
placed on each also affects the evaluation of the simulation runs.
In every inventory simulation, there
are two factors of prime importance—
the elapsed time and the quantity of
merchandise on hand. To keep track of
time, the simulation program contains a
built -in clock. The time interval shown
in the clock may be a day, two days, a
week, or any other period. During each
time interval as the simulation proceeds,
issues or sales are recorded; receipts are
noted; and the back - order, on order and
on -hand files are updated. In addition,
the clock controls the frequency with
which sales forecasts are made and stock
levels are reviewed. A multiple of the
basic time interval is generally established for each of these functions. The
time clock thus ensures that the proper

G. REESE VANCE, Washington Tri- Cities Chapter 1966,
is Manager, Contract Administration for Douglas United
Nuclear, Inc., Richland, Wash. M r . Vance holds a B.S.
degree in accounting, and an M.B.A. degree from the University of Utah.

JULY 1968

43

action is taken at the proper time as the
simulation progresses.
Demand information, which serves as
the basis for issues and receipts, may be
taken from historical records, or may
be generated by the program based on
current demand, economic trends, and
random fluctuations factored into the
program. Issues and receipts, in turn,
determine the inventory on -hand or onorder, as well as those items back -ordered as a result of an out -of -stock condition.
The stock items on -hand, on -order or
back - ordered are maintained in three
separate files. The three files are updated
at the end of each time interval.
The back -order file becomes very influential in establishing effective inventory policies. It indicates how long an
item has been on back - order, the quantity back - ordered and the frequency
with which back - orders are placed.
One other file is maintained in addition to the three mentioned above —this
is the suspense file. In order to secure
quantity discounts and reduce shipping
rates, a firm may wish to group the replenishment of several stock items. However, reorder levels may not be reached
at the same time. When this happens,
the suspense file is used to record the
various orders until sufficient quantities
are accumulated to purchase in economical lots.
Conducting the Simulation
Inventory simulations generally contain five physical operations:
Establishing policies (programming)
Preparing input data
Processing the simulation
Reporting results
Report evaluation
Establishing Policies (Programming).
The policies governing the inventory
system to be studied are established by
management and these, combined with
a set of instructions governing the actual
processing of the simulation, constitute
the master program. The master pro44

gram serves as a general purpose routine, activating a series of subprograms
(routines) at the proper time and directing the general flow of data within the
simulation. The following subprograms
are usually found in any inventory
simulation; additional ones may be added at the discretion of the user:
Demand — Demand is either extracted
from historical data or forecasted by the
functions incorporated in this subroutine.
File maintenance — This subprogram
maintains the on -hand, on -order backorder, and suspense files.
Operating decisions — Decisions as to
whether fixed or floating order points
shall be employed and whether to order
in fixed or variable quantities are included in this file.
Utility —The utility subprogram controls
the printing and simulation reports.
Synchronization — The master clock
routine is contained in this subprogram.
Preparing Input Data. Before a simulation run can actually be processed, input must be prepared grouping similar
stock items and establishing such things
as the replenishment lead time for each
stock item or group of items; unit cost;
order placement cost; maximum shelf
life of perishable items; and fixed or
variable order points. In addition, parameters must define the effect of carload
buying, the probability of varying lead
times, special pricing or discounting information, etc.
Processing the Simulation. After the
general policies governing the system
have been established and input data
prepared, the next step is to process the
simulation in the computer. This usually
proceeds as follows:
Demand is forecast.
Satisfactory stock levels are established.
Floating or fixed order points are set.
Expediting points are established.
Inventory stock levels are reviewed.
Order quantities are determined.
Orders are consolidated in carload lots.
Replenishment action is taken.
Perishable stocks are removed from inventory.
Action taken is reported.
MANAGEMENTACCOUNTING

The above steps are repeated as directed by the program until the simulation is complete, which generally consists of processing a predetermined number of inventory cycles.
Reporting Results. Simulation reports
are generally of three different types —
the group summary, the individual item
summary and the running report. Group
summaries report the average inventory
value, the total replenishment costs and
the maintenance costs for each stock
category.
The individual item summary contains
the average inventory level, the number
of replenishment orders placed during
the simulation, total demand for the
item, the quantity back - ordered, the
average time items were on back - order,
the average age of items issued, and so
on. In addition to the group and item
summaries, a line is printed on the running report each time a forecast is made,
an order placed, an out -of -stock condition occurs, or a perishable item is removed from stock, etc.
Report Evaluation. After a simulation
run has been processed, the results must
be analyzed in vie w of t he company's
overall objectives. Comparisons must be
made between the maintenance and investment costs incurred and the service
provided. The effect on the simulation
model of changes to the parameters must
be studied, and additional runs made if
they appear necessary.
The process of varying the inventory
parameters, running them through the
simulation model, and evaluating the results continues until management feels
that the inventory system best suited to
the company's policies has been found.
Application of the Concept
The Atomic Energy Commission, acting through a prime contractor, maintains a general stores warehouse in support of its production complex near
Richland, Washington. The general
stores inventory consists of approximately 64,000 line items representing
JULY 1968

approximately $8.6 million. Annually
the contractor processes about 20,000
orders valued at $6 million, and in the
process handles nearly 420,000 documents. The manual processing of this
volume of da ta was not responsive to
management needs for the timely and
accurate reports necessary to analyze
and control an inventory of this magnitude.
In view of the problem stated above,
management initiated a study to establish a new Integrated Stores Inventory
(ISI) system that would not only facilitate rapid reporting, etc., but would
mechanize reordering, adjustment of
stock levels, posting, receiving and disbursements. Following a thorough study
of th e difficulties involved, it was decided that conversion to a mechanized
operation should proceed in four phases:
(I ) defining existing procedures, (2)
simulated operation under the new system, (3) training personnel, and (4)
dual operation.
Before work began on the new system, steps were taken to define the existing procedures so that the strong points
could be considered in developing the
new system, and so that the weak points
could be recognized and discarded. To
accomplish this, each operation was
studied to determine what was done,
why it was done, when it was done, and
what the end results were. Flow charts
were prepared to assist in this effort.
At the outset of the inventory simulation, management established as its
prime objective the minimizing of cost —
whether purchasing costs, maintenance
costs, or inventory investment. With the
exception of certain items deemed critical to the safe and efficient operation of
the plant, reasonable out -of -stock situations would be tolerated.
With the above goals in mind, simulation runs were conducted to establish
demand, reorder points, economic order
quantities, safety stock levels for critical
items, and order lead times. As mentioned previously, demand may be taken
45

either from historical records or generated by the computer based on data programmed into the simulation. Accurate
historical data, if it exists, is probably
the best basis; this was the approach selected for use in developing the ISI system.
Next, reorder point equations were
established for various groups of stock
items. These were based on historical
demand and lead times. Safety stock
requirements were also factored into this
calculation; the level of this buffer was
established after consideration was
given to:
The effect of "stock outs" on operations.
The cost of safety stock.
The dependability of lead time.
The probability of variance in demand.
Ideally, both demand and lead time
are fairly constant, but in actuality this
is seldom the case. A typical demand situation for a particular inventory group
is shown in Exhibit 1. Also shown in
this exhibit are the disbursements, receipts, reorder points, lead times and
safety stock level. The reorder formula
which was developed from this data is
shown below:
REORDER POINT DETERMINATION

Factors involved in establishing reorder
points are:
A = Inventory balance on hand, including safety stock and lead time
stock.
B = Qua ntities due in from orders previously placed, material transfers,
and returns to stock.
C = Qua n titie s for which back orders
are being held.
D = Average lead time in months multiplied by average month's use equals
lead time qua ntity.

E = Safety factor in months multiplied
by average month's use equals
safety stock quantity.

Based on the above factors the following equation was established to determine reorder points:
Reorder Point = C + D + E — (A + B).
Finally, an approach was selected to
determine the Economic Order Quantity
(EOQ). The EOQ established in the cal46

culation assumes a fixed purchase price.
The effect of quantity discounts, etc.,
were evaluated separately. The development of this calculation is shown below:
ECONOMIC ORDER QUANTITY
DETERMINATION

The following formula was developed
to determine economic order quantity
(EOQ) :
Q

_

2PY
CI

when:
Q = Economic Order Quantity in physical units.
Y = Annual use in physical units.
P = Cost of procurement.
C = Unit cost.
I = Possession costs in percent per year.
Values of the factors were established
as follows:
"Y" the annual demand in dollars was
available from historical records.
"C" unit cost was also available from
historical records.
"P" the cost of procurement was established as $10.00 per order placed, including the following costs:
Requisition preparation
$1.50
Purchasing, expediting, etc.
6.25
Receiving
1.25
Accounting— including payment 1.00
$10.00
"I" possession costs were established as
20% of the cost of material per year.
Included in possession costs are:
Costs normally considered overhead:
Space
1.0%
Handling
6.0
Insurance
1.0
Taxes
1.0
Physical inventory
0.3
Decreases in the value of inventory:
Obsolescence
4.0
Deterioration
0.2
Return on investment
6.0
General business influences:
Cost of improvement
0.5
Total
20.0%
The objective of the EOQ equation is
graphically presented in Exhibit 2. It
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Effect of Demand and Lead Time Variances
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Economic Order Quantity
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EXHIBIT 2

should be noted that the most economical reorder quantity occurs at the bottom of the tota l cost cu rve a nd at the
intersection of the procurement and possession cost lines. An increase in the
number of orders per year above this
point means that costs are not being
minimized because of excessive procurement expense and, if any fewer orders
are placed, the carrying and maintenance costs are too high.
Repeated simulations were made to establish the reorder points, safety stock
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levels and economic order quantity formulas discussed above. In establishing
these formulas, it was recognized that
the constants had to be revised periodically if the system were to be useful with
the passage of time and able to adjust
to changing conditions; thus, in the
mechanized system developed from this
simulation, certain data is updated with
each transaction.
Implementation of the System
As with the introduction of any reMANAGEMENTACCOUNTING

vised system, considerable employee resistance was encountered. To help alleviate this problem, a series of training
meetings were held. Large flow charts
were used to explain how the new system would operate, including the activities of certain key groups of personnel.
In addition to the training of personnel
directly involved in inventory control,
warehousing and receiving personnel
were instructed in their particular phases
of the operation.
It was expected that, with the introduction of the ISI system and the new
procedures accompanying it, numerous
problem areas would arise. To provide
for this eventuality, both the manual and
ISI systems were operated simultaneously for two months to control two
active material classes consisting of 1,000
line items. The dual operation allowed
the new system, with its revised procedures and forms, to be tested. With very
minor exceptions, it was found that the
new system was operating properly;
consequently, the manual system for
these two classes was discontinued.
Conversion of the remaining inventory items to the ISI system was accomplished at the rate of about 5,000 line
items per month. This gradual conversion allowed a thorough testing of the
new system with gradually increasing
numbers of inventory items. Additionally, it allowed "on- the -job training" for
inventory control personnel.
Benefits Realized
The major benefits which were imme-
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diately realized from the simulation and
resulting ISI system were:
Inventory level was reduced by 30 percent, or an average reduction of $500,000.
Reordering time was reduced from three
days to three hours.
Paper handling was reduced 50 percent.
Personnel were reduced twelve percent.
Greater control over obsolescence by
mechanical detection and reporting of
items in long supply.
Mechanized recording and distribution
of cost.
Some of the longer -range benefits realized from the system include additional
reductions in inventory investment and
manpower, while business volume has
increased by almost 30 percent. Furthermore, the current operation can handle
a considerably greater volume without
an increase in personnel or a disproportionate rise in maintenance costs.
Conclusion
The development of computer simulation techniques has made it possible for
management to test new inventory policies and evaluate their worth without
interrupting normal business activities.
By this means, undesirable actions can
be detected in advance and avoided without undue cost to the company. A properly developed computer simulation will
provide data allowing a company to
manage its inventory with almost optimum efficiency. Further opportunities
for applications of simulation, in inventory and other areas, seem limitless.
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Inventory Systems Siin,.1lation —A Case Study
By GEORG E D. P E RNA
O N E O F A B O U T five operations research techniques, systems simulation is
a useful tool in measuring the effectiveness of a specific business system:
1. It can be used as a research tool for
measuring the advisability of changing certain operating features of a
system.
2. It can be used to measure the merits
of alternative systems, including the
expected improvement which can be
obtained by replacing an existing
system with a proposed system.
We will discuss a systems simulation
case study of a retail application. An inventory management system was being
designed for use in a particular department of a department store. The system
used scientific inventory control formulas for determining, on an item -by -item
basis, "when" and "how much" to reorder from a supplier. The purpose of
the system was twofold: (1) To evaluate
quantitatively alternate systems differentiated by the flow of merchandise between a warehouse, selling stores, and
suppliers; (2) to compare the alternate
systems with the existing system. The
following system characteristics were
variable:

Direct shipments to all stores from
the suppliers versus shipments only
to a central warehouse.
Reorder quantities and points based
upon stock levels and sales rates for
the combined total of all stores versus these same levels and rates for a
central warehouse only.
Inter -store transfers.
Of course, qualitative considerations,
such as complexity and data generation,
have a significant influence on the ultimate choice of a system but they were
considered separately. The simulation
deals primarily with certain features of
the inventory system which can be measured quantitatively: the average inventory to be carried, the stock -out condition that can be expected and the
number of orders which will be placed.
The Alternatives
Four basic systems were selected for
analysis. An illustration of the flow of
merchandise in each, together with an
appropriate explanation, follows (See
Exhibit 1 ). The stores are coded on the
charts as W (warehouse), D (downtown), N (northtown) and B (basement). Each store serves customers and
carries a complete line of merchandise.
S y s t e m A is one in which the supplier

GEORGE D. PERNA, Massachusetts Route 128 Chapter
196 5, is Co rpo ra te Syste ms Man ag eme nt, Aveo Co rp ora tio n,
Wilming to n , Mass. Mr. Perna holds a B.S.A. degree from
Boston Un iv e rsity , a B.A. d e g re e fro m Harvard University;
a n d a E. E. de g re e fro m Northeastern University. He is th e
auth or o f ma ny tech nica l a nd e duca tio nal publica tion s. Covering a period of thirty -five years he has held positions in
Management and Systems with Avco Corporation, Raytheon,
Bendix A viation, Ford Motor, Watertown Arsenal, National
Pneumatic and others. He is currently a lecturer and course
instructor of "Advanced Management Systems and Advanced
Business Data Processing" being held at Northeastern University.
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Flow of Merchandise
SY S T E M B
SY ST E M A
SU PP L IE R

SY S T EM D

SY ST E M C

EXHIBIT 1
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ships directly to each store and an item's
reorder quantity and reorder point are
determined by each store's sales demand.
System B one of the stores (W) acts
as a warehouse as well as a selling location because it has excess storage space.
In this system, suppliers ship only to
store W and store W in turn makes
transfers to stores N, B and D. The computation and use of the reorder quantity
and the reorder point formulas for store
W will, therefore, depend upon its total
demand (customer plus other stores).
Once the merchandise leaves store W, it
is considered sold although it may only
be replenishing the stock of stores N, B
or D. Predetermined replenishing levels
at the other stores are based upon a replenishment cycle from store W.
System C is more complicated than B.
Suppliers still ship to store W only.
However, in addition to store W supplying stores N, B and D, there are inter store transfers between N, B, D and W.
Furthermore, the computation of reorder points are based upon the total
stock at stores N, B an d W. It is also
necessary to use a distribution formula
which indicates the amount of merchandise which will be transferred between
stores.
System D is the most complex. In
addition to the characteristics of C, it
also allows a supplier to ship directly to
all stores. A distribution formula is used
to determine the amount of each inter store transfer as well as the amounts
shipped directly to each store.
This case study covered the ramifications of the above four systems. The
number of systems could have been
larger if the authors or business users
wished to have additional alternatives
included.
Simulation of a System
Through system simulation, it was
possible to measure quantitatively for
each system the average inventory level
for a specific stock -out condition. In
addition, it was possible to measure the
relationship of inventory level between
each proposed system and the existing
52

system. The simulation for one item
under System B for the warehouse store
is graphically illustrated in Exhibit 2.
The first step in the simulation was to
construct the item's inventory history as
it occurred under the existing system.
The solid line represents the actual history. The vertical rises in the line represent orders which were received during
the year. From this actual history it was
possible, following the rules of each proposed system, to simulate what the inventory history would have been, had
each proposed system been in use during
the same period of time. The dotted line
represents what the actual history would
have been had System B been in use during the test period of time. As noted on
the chart, the reorder quantity would
have been 16 and the reorder point 4.
Before the actual systems simulation
was evolved, it was necessary to develop
working simulation rules. These rules
were designed to help assure an unbiased comparison between the actual
and simulated operations. Typical of the
simulation procedural rules were the following:
1. The beginning and ending dates for
the actual and simulated operations
are the same.
2. The rates of sales for corresponding
periods must be the same.
3. Lead times used in the simulation are
those which were experienced closest
to the corresponding date on the actual operations.
4. The sales and lead time forecast were
based upon one year's experience
prior to the start of our simulation
period.
5. Reorder quantities were rounded to
the nearest multiple of the basic
packaging quantities specified by the
supplier.
By using these rules and considering
each system separately, it was possible to
develop, for a sample of items, a simulated inventory history for each item in
each of the four systems. Once this was
accomplished, it was possible to measure
the area under the simulated curve, count
the days out -of -stock and count the number of orders placed. A comparison beMANAGEMENTACCOUNTING
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tween the simulated and the actual results revealed that the simulated system
had a reduced inventory (33 percent)
the same number of days out -of- stock,
and one less order placed.
The average inventory level, days out-

Svstenr

Existing
A
B
C
D

Percent
out -of -stock

inventory level
(existing system 100 %)

20%
5
5
5
5

100%
114
90

From the table one sees that the existing system was experiencing a 20 percent
out -of -stock condition with an inventory
level defined as 100 percent. In order for
System A t o ha ve a 5 percent out -ofstock condition, it would have to carry
14 percent more inventory than was
carried in the existing system. System B,
on the other hand, would need only 90
percent of the inventory carried in the
existing system while reducing the stock outs to one fourth of their previous
value. Systems C and D could get along
with 76 percent of the existing inventory
and still maintain a 5 percent out -ofstock condition.
To determine the advisability of using
Systems A, B, C or D, we use this
method as a measure of one score. There
are more considerations involved in deciding the scores of the final system as
has been mentioned before, and each one
is weighted according to the design of
the system simulation. In the final scoring, the analysis or evaluation resulted in
selection of System B, which had the
best combination of low inventory, cost
of operation, ease of installation and of
administration.
Conclusion
The use of simulation (operations re-
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of -stock and number of orders written
for each item in each system were summarized and the totals compared to each
other and to the results obtained using
the existing system: The following table
shows the results of this comparison:

76
76

search systems) techniques as a management science allows the manager to have
a real definition of the problem he is
facing. Now that the computer technology has advanced to the third generation
stage, we will see more and more successful uses of simulation for top management decision, particularly in the
planning area.
The essence of success in this activity
is that it must be practical. A simulation
technique is like any other tool, it must
be used properly. There are situations
where it can be used profitably but the
tool has to be adjusted to fit the situation.
Some of the most important contributions of any operation research (systems
simulation) study include taking into account the responsibility for information,
determining company objectives, and designing the data information actually
needed. Extremely important are the
definition of objectives, definition and
sharpening of constraints, determination
of required data, and then establishing
the bridge between theory and practice.
The conclusion is simple but far- reaching. The most important (and difficult)
part of the system simulation is designing, developing and implementing the
corresponding day - today procedures.
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Capital Budgeting
and Financing or Leasing Decisions*
Capital Budge ting Dec isio ns

B y WI L L I A M L. F E R R A R A

NE OF THE mo st difficu lt a re a s of
ca sh flow a na lysis to u n d e r st a n d
a nd expl a in rela tes to t he c ombi na ti ons
o f c a p i t a l bu d ge t in g ( i n v e st m e n t ) decisi o n s a n d fi n a n c in g o r l ea si n g d ec i si o n s.
I n t h i s p a p e r a c o n si st e n t a n d h o p e f u l l y
u n d e r st a n d a b l e m e t h o d of ha n d li n g
these c o m b i n a t i o n s will b e pr e se n te d .
We sh a l l st a r t wi t h a n u n sa t i sfa c t o r y i n ve st m e n t pr o p osa l a n d see wh a t c a n
h a p p e n if o n e im p r o pe r l y c o m b i n e s
fi n a n c i n g o r l e a si n g d e c i si o n s wi t h su c h
a p r o p o sa l .

O

As s u m e the fol lowing fa ct or s su r r o u n d i n g a n in v est me n t pr op o sa l c o n cer nin g a new p rod u ct li ne:
Investment in facilities
330,000
Economic life of facilities
10 years
Salvage value of facilities at end
of economic life
0
Net after tax cash inflow
years 1 through 5
70,000
50,000
years 6 through 10
Minimum desired after tax rate
of return for investment proposals
15 %
A discounted cash flow evaluation of these
facts is as follows:

Pr e se n t v a lu e o f c a sh i n fl o ws—
Years
1 -5

Amounts
70,000

15% present value factors'
3.352

Present value
$234,640

6-10

50,000

1.667

83,350
$317,990

Total
*This paper constitutes a refinement and extension of an earlier effort by the author. See
"Should Investment and Financing Decisions
Be Separated?" The Accounting Review, January 1966.

' These present value factors are derived from
a set of tables which assumes end of year
flows and compounds annually.
' Year 0 appears odd to the uninitiated until he
realizes it represents the beginning of Year
—1.

DR. W IL LI AM L . FE RR AR A, C PA, Wi ll ia mspo rt Chapter
(Sa ngamon Va lley 1 9 5 9), is Professo r of Acc ou ntin g at The
Pennsylvania State University, University Park, Pa. He taught
formerly at the University of Illinois and Michigan State University. A g rad ua te of DePaul Univ ersity, Pro fesso r Ferra ra
ho ld s M.A. a nd Ph .D. de g ree s fro m Mic h ig a n Sta te Un iv e rsity. Dr. Ferrara has co- authored (with 1. Wa y n e Keller)
Man ag emen t Ac cou ntin g fo r Profit Co ntro l. His articles a ppeared in le adin g ac coun ting jou rnals. A previous contributor to MANAGEMENT ACCOUNTING, Professor Ferrara is a recipient of t w o N A A Certificates of Merit (in 1959 -60 and
1963 -64).
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Present value of cash outflows—
Years

Amounts

15% present value factor

Present value

O2

330,000

1.000

$330,000
($ 12,010)

Net present value of proposal (negative)
Assuming that financial factors are
the only ones to be considered in this
case, and further assuming that all relevant financial data has been presented,
the above proposal must be rejected
since it has a negative net present value.
Now let us see what happens if we
combine some financing with this capital
budgeting problem.

Capital Budgeting plus Financing—
An Improper Solution

Let us assume that the seller of the
facilities we desire will allow us to pay
for the facilities in three equal payments
of $120,000, one a down payment and
the others at the end of years 1 and 2.
Our analysis might then proceed as
follows:

Present value of cash inflows (as above)

$317,990

Present value of cash outflows—
Years

Amounts

15 % present value factors

Present value

120,000
120,000
120,000

1.000
.870
.756

$120,000
104,400
90,720

Total
Net present value of proposal
Our investment proposal is now acceptable since it can meet the 15% required rate of return. Intuitively one
automatically feels that something is
wrong here since an unacceptable proposal has been changed to an acceptable
one simply because outright purchase of
facilities is replaced by the equivalent of
an installment purchase. In other words
the only change is a substitution of three
$120,000 payments for one $330,000
payment.
Capital Budgeting plus Financing—
A Proper Solution

The error illustrated above is simply
a matter of combining a capital expenditure decision and a financing decision.
This should not be done. Capital expenditure decisions and financing decisions
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$315,120
$ 2,870

must be kept separate or erroneous conclusions are apt to follow.
In the preceding illustration the seller
of the facilities is offering the purchaser
an opportunity to pay $330,000 in cash
immediately or three payments of
$120,000. The purchaser's decision concerning whether to pay $330,000 outright or three payments of $120,000
relates simply to the rate of interest implicit in the three payments of $120,000.
The critical issue for the purchaser is to
determine the rate of interest implicit in
the loan proposal so that he may compare it with the rate of interest he would
have to pay his regular lending sources.
Via the use of present value tables
one can quickly calculate the implicit
interest rate of 9.3 %. This rate can be
verified as follows:
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Amount of
loan (principal)

Interest
9.3 %
®

Year

Total
payment

330,000

120,000

120,000

1

210,000

19,530

100,470

120,000

2

109,530

10,470 3

109,530

120,000

—

0

I n th e p r e c e d i n g e r r o n e o u s ca l cu l a tion the 9 . 3 % ra t e of int ere st wa s in
esse n c e c o m p a r e d to the 1 5 % minim u m de si re d ra te of re tu rn . T h e c o m pa ri so n a p p e a r e d fa vo ra bl e sin ce we
we r e p a y i n g 9 . 3 % fo r m o n e y wh i c h w e
a ssu m e d co u l d b e inv est ed at 1 5 % fo r
a net be ne fit o f 5 . 7 % wh ic h m a d e o u r
ne t n e g a t i v e p r e se nt v a l u e p o si t i v e . T h e
a p p r o p r i a t e c o m p a r i so n , h o we v e r , i s b e twe en t he 9 . 3 % r a te o f i nt e r est t h e se ll e r
wa n t s to ch a r g e u s a n d the ra te of in terest wh i c h the pu r c ha se r wo u l d ha v e
to pa y his regu la r le n di n g so u r ce s. A s
lo ng a s reg u l a r le nd in g so u r ce s offer
m o n e y a t ra tes of interest lo we r th a n
tho se implicit in o t h e r l e n d i n g a r ra ng eme n t s (e . g . , in st a l l me n t p u rc h a se s) t h e r e
is n o se nse in a cc ep ti ng t he h ig he r pr ic ed
fina nci ng.
Capital Budg eting plus Financing —
A Sum ma r y
T h e b a si c i s su e h e r e r e l a t e s t o a n im p r o p e r c o m p a r i so n v e r su s a p r o p e r c o m pa ri so n. T h i s ca n b e su m m a r i z e d a s
fo ll o ws:
Do not compare
Implicit ra te
Minimu m desired ra te
of interest
and
of retu rn
(9.3 %r)

Compare
Implicit ra te
of interest
(9.3 %)

( 1 5 70 )

Best alternative rate of
interest ava ila ble from
and regu la r lending sou rces
(e.g., 6%n)

T h e i m p r o p e r c o m p a r i so n sh o ws a n
a p p a r e n t benefit of 5 . 7 % T h e p r o p e r
c o m p a r i so n , ho we v e r , sh o ws tha t th er e
wo u l d b e a n ex c essi v e a m o u n t o f in t er est
' Adjusted to eliminate rounding error
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Principal
reduction

i n c u r r e d (3 . 3 % ) if the pu r c h a se r bo r r o w e d f r o m the seller.
T h e ba sic co nc l u si on s of thi s .p a p er
th u s fa r a r e as foll ows:
1. D o not combine capital budgeting
(investment) decisions with fina ncing
decisions.
2. Fina ncing decisions should be based
upon available alternative costs of
borrowing whether they be implicit
or explicit 4
3. In the event tha t a seller of fa cilities
offers a "pa cka ge" involving a combina tion of sa le plus fina ncing a s a n alternative to outright sale without fina ncing shou ld be dete rmined:
a. If the implicit interest ra te is
higher than the best alternative
rate the sale - financing packa ge
shou ld be forgone in fa vor of
the outright sa le.
b. If the implicit interest rate is
lower than the best alternative
rate, then the seller is in effect
offering a discount on the ou tright pu rchase price; thus, the
sales - financing package should be
considered pre fer a bl e to the ou tright sa le. Theoretica lly, this discou nt shou ld be considered in the
evaluation of the capital budgeting (investment) decision. 5
'It sh ou ld be quite obvious that certain loan
restrictions combined with a lower rate of interest might be forgone in favor of a slightly
higher interest rate and a lesser amount of
loan restriction.
'Some pra ctitioners might tend to ignore this
possible discount on the grounds that it is
likely to be immaterial. Ignoring the discount
runs the risk of a go capital budgeting decision being considered no -go in those cases
where the economics of a decision produce a
marginal opportunity. This ma y not be much
of a rea l problem if non - economic or subjective economic factors prevail in the marginal
case. The discount can be measured by taking
the difference between the outright cash price
and the installment payments discounted to
Year 0 at the best alternative rate of interest
available.
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4. Capital budgeting decisions should
trea t the cost of facilities a s if it were
all paid at the beginning of Year 1,
i.e. Year 0. Any other assu mption
wou ld be in vio la t ion of th e p rec eding conclusions. 6
The Le asing Alte rnativ e —
A Pr o ble m
T h e pr e v io u s ca pi ta l bu d ge t in g de ci si o n c o u l d b e c o m p l i c a t e d a n d e n l a r g e d
t o i n c l u d e t h e a l t e r n a t i v e o f l e a si n g t h e
fa cilities o n a long -term no n ca n c el l a b l e
ba si s. S u c h a l e a s e i s i n e ffe c t a u n i q u e
m e a n s of fin a nc ing th e a cqu isit ion of
fa c i l i t i e s. T h e m e t h o d o f e v a l u a t i n g t h i s
m e a n s o f fi n a n c i n g v e r su s o u t r i g h t p u r c h a se is so m e wh a t differ ent fr o m the
m e t h o d of eva lu a ti on discu ssed ea rl ier.
F o r p u r p o s e s o f i l l u st r a t i o n l e t u s assu m e the fol lowing :
Econo mics of purch ase (same as ea rlier
illustration)7
Purchase price of facilities
$330,000
Economic life of facilities
10 years
Salvage value of facilities at end
of economic life
0
Minimum desired rate of return
on investment proposa ls
15%
Eco no mi cs o f Le as in g—
An n u a l renta l of $ 6 0 ,0 0 0 fo r t e n y e a r s
pa y a b l e at th e be g in n in g of e a c h ye a r .
M a i n t e n a n c e costs, in su r a n c e , etc., a r e
to b e a ssu m ed by t he le ssee a s i s t he c a se
u n d e r t h e p u r c h a se . 8
A qu ic k e x a m i n a t i o n of the ec o n o m i c s of th e lea se ind ic a t es th a t we
Long term construction projects and required
additional investments at other than Year 0
in complex investment proposals might require
some modification of this conclusion.
7
Cash inflows are not considered here since
they will occur with purchase or lease and
thus they are irrelevant to the purchase -lease
decision.
"Other assumptions could have been specified
and handled easily within the framework to be
shown. The assumption pu ts u s in a position
to ignore maintenance, insurance, etc., since
such costs will be the same under purchase
or lease.
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ar e h ere con cer n ed wit h wh at i s k no wn
a s a fina ncia l lea se,9 tha t is, a lea se
wh i c h litera lly oblig a tes the lessee to
the u se of a n d p a y m e n t fo r the le a sed
p r o p e r t y du r i n g the u sefu l life of t h e
le a se d p ro p e r t y . T h u s t h e fi n a n c ia l l e a se
sh o u l d en a b l e the lessor to r e c o u p no t
o n l y h i s i n v e st m e n t b u t a n y i n t e r e st a n d
fi n a n ce c h a rg e s whi c h a re i m p li c i t in h i s
fina ncia l lea se offer. Alt er na tiv el y, t h e
lessee sh o u l d rea lize th a t a fina ncia l
l e a se o b l i g a t e s h i m t o p a y a p r i c e wh i c h
in c l u de s t he o u tr i g h t p u r ch a se c o st s p l u s
a n y interest a n d fina n cing ch a rg e s i m plicit in th e l ea se offer .
The Le asing Alter nativ e —
An Impro pe r Solutio n
If we a r e n ot ca r efu l, o u r a na l ysi s o f a
lease - purchase situ a tion mi gh t p r o c e e d
a s fo ll o ws:l o
Net Present Value Cost
of Purchase
Purchase price

$330,000

Present value of tax shield
provided by depreciation
(tax rate, 50 %; straight line deprecia tion; 15%
present va lu e fa ctor)
50% X 33,000 X 5.019

82,814

Net present value cost of
purchase

$247,186

For methods of evaluating nonfinancial or
operating leases see Richard F. Vancil, Leasing
of Industrial Eq u i p m e n t , McGraw Hill Book
Co., New York 1963.
"N ot e t h a t th e procedure is to calculate the
net present value cost of a purchase and a
lease with the lower net present value cost
presumably being preferable. We evaluate only
present value costs here since the problem is
one of determining which method of acquiring the facilities is least costly, that is, purchase
or financial lease. Lease rental tax deductions
are assumed to ta ke effect at the end of ea ch
year whereas the lea se payments are made at
the beginning of each year. This difference
accounts for the difference in the present value
factors.
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Net present value cost of
lease

Net Present Value Cost

of Lease
Present value of 10 annual
payments at beginning of
each year: 15% present
value factor,
60,000 X 5.772

$346,320

Present value of tax shield
provided by tax deductibility of lease rental
50 % X 60,000 X 5.019

150,570

This calculation yields the conclusion that the lease is preferable to purchase. This is an interesting conclusion
in the face of the fact that the implicit
rate of interest charged on the lease is
approximately 162/ 3 % calculated as follows:

Rate of interest

Annual amounts

Present value factor

16

$60,000

5,607

$336,420

$60,000

5,303

$318,180

18

As shown above the implicit rate of
interest is determined by finding that
rate of interest which will equate the
present value of the $60,000 annual
lease payments with the $330,000 purchase price. The 16% rate is not high
enough since it produces a present value
higher than $330,000. The 18% rate
goes too far since it produces a present
value less than $330,000. Obviously the
rate is between 16% and 18 %. By
interpolation the rate can be calculated
as approximately 16 2/3 %.
The problem with the above solution
is very similiar to the issue raised earlier
when the capital expenditure decision
was combined with a financing decision.
According to the present value costs, as
calculated with allowances for tax
shields, leasing is preferable to outright

The Leasing Alternative—
Approach to a Proper Solution
The error involved in the above solution is that the financial lease alternative
included the purchase price as well as
implicit interest and financing charges.
On the other hand, in the purchase
alternative no interest or financing
charges were included. This comparison
of noncomparables can be illustrated
pictorially as follows:
Purchase
alternative

These
alternatives
are not

Includes provision
only for:
1. Purchase price.

comparable

In order to make the alternatives comparable either the best alternative
method of financing must be added to
the purchase alternative or the interest
JULY 1968

Present value amount

purchase. On an intuitive basis one has
to conclude that something is wrong
since the implicit rate of interest included in the annual lease rentals is approximately 162A %. This feeling of error would be especially appropriate if
the lessee had alternative lending sources
which are ready to offer money at a
much lower rate.

Lease
alternative

Includes provision
for:
1. Purchase price.
2. Interest and
financing charges.

$195,750

charges at the rate available with the
best alternative method of financing
must be removed from the lease alternative.
59

Co m p a ra b le alte rn a tiv e s would be as follows:
Lease
alternative

Purchase
alternative

Includes provision for:
1. Interest
Purchaseand
price.
2.
financing charging.

Includes provision for:
1• Purchase price.
2. Interest charges for best alternative
method of financing.
Purchase
alternative

Lease
alternative

Includes provision for:
1. Purchase price.
2. Interest & financing charges in
excess of best available alternative
rate.
In the next section we shall illustrate
an appropriate solution related to comparables by removing from the lease
alternative interest charges at the rate
available with the best alternative
method of financing. The other means of
making the analysis does not appear to
be available in a practical sense since
there is some question about the ability
to relate specific investment proposals
to specific sources of funds even though
one might b e aware of th e rate of intest available with the best alternative
method of financing.

determine the dollar amount of interest
and financing charges included in each
lease payment. This total, of course,
will be at the rate of 1623 % as calculated previously. As a part of this first
step the 16 2/3% will be separated into
"interest at 6 %" and finance charges at
10 2/3 % ."
Th e 6% interest rate is the rate assumed to be available with the best alternative method of financing. All calculations are summarized in Table 1.

-

The Leasing Alternative
A Proper Solution"
The first ste p in this procedure is to

Includes provision only for:
1. Purchase price.

"The technique presented here is a variation
of the technique put forth by Richard F.
Vancil, op, cit., pp. 101 -104.

Table 1
(a,

CALCULATIONS OF INTEREST
6 %, FINANCE CHARGES C} 1 0 % %
AND PRINCIPAL PAYMENTS IMPLICIT IN A TEN YEAR LEASE
ALTERNATIVE TO PURCHASE FOR $330,000.
Amount
Finance

16,200
15,300
14,250
13,025
11,596
10,228
7,983
5,714
3,066
$97,362

28,800
27,200
25,333
23,155
20,614
17,351
14,192
10,157
5,836*
$172,638

Total

lease

payment
60,000
15,000
17,500
20,417
23,820
27,790
32,421
37,825
44,129
51,098 *
$330,000

payment
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
$600,000
$

Principal
$

io

-

$

$330,000
270,000
255,000
237,500
217,083
193,263
165,473
133,052
93,227
51,098

charges
C 10 2/3

-

0
1
2
3
4
5
6
7
8
9

Interest
C 6%
$

Year

of loan
(principal)

* Adjusted to eliminate rounding error.
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tr u s t b e c o m p l e te , that is, the
charge of 6% and the tax deductibility
of the 6% charge must be excluded
from the analysis in order to make sure
we are comparing comparables. In Table
2 the finance charges and principal
payments are converted into the present
value of the tax shield provided by their
tax deductibility.

tio n

The se c o n d st e p in this procedure is
to recognize the tax deductibility of the
finance charges and the principal payments for the years they are paid. The
interest at 6% is not considered since
our mode of analysis is to eliminate the
interest charges in order to make the
alternatives comparable. This e limin a Table 2

CALCULATION OF PRESENT VALUE OF TAX SHIELD PROVIDED BY
PRINCIPAL AND FINANCE CHARGE TAX DEDUCTIBILITY
(ASSUME A 50%p TAX RATE)
15% present
value factors
.870
.756
.658
.572
.497
.432
.376
.327
.284
.247

Present value of tax shield provided by leasing

obtained given the ten lease payments
made at the beginning of each year and
the 6% rate available from the best
alternative method of financing. The
calculation proceeds as follows:

The th ird ste p is to calculate the
"equivalent purchase price" implicit in
the leasing arrangement. This "equivalent purchase price" is equal to the
amoun t of loan that could have been
Rate oj
interest
6

Annual
amount
$60,000

Present value
factor
7.802

In essence, the equivalent purchase
price represents what the lessor is trying
to force the lessee to borrow in terms
of the $60,000 lease rentals and the
lessee's available 6% rate. The lessee
should see this as a forced premium paid
to the lessor in the amount of $138,120,
that is, the difference between borrowing
$330,000 for outright purchase and the
forced borrowing of $468,120 implicit
in the lease.
The reader might find the equivalent
purchase price more understandable if
JULY 1968

Present value
amount
26,100
16,556
14,706
13,085
11,674
10,455
9,357
8,505
7,709
7,031
$125,178
$

Finance
Principal
charges
30,000
21,900
22,350
22,875
23,488
24,302
24,886
26,009
27,143
28,467
+

'/2

Year
1
2
3
4
5
6
7
8
9
10

Eauivalent purchase
price
$468,120

he considered it to be the $330,000 outright purchase cost plus the present
value of the finance charges using a 6%
present value factor. The 6% present
value factor is representative of the fact
that the lessor is really loaning to the
lessee the sum of $330,000 and the
present value of the finance charges. An
additional fact which can be enlightening is that the present value at 6% of the
finance charges calculated in Table 1 is
equal to the forced premium of
$138,120 implicitly paid by the lessee.
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The fo u rth ste p in this procedure is
to combine the equivalent purchase price
and the present value of the tax shield

in order to calculate the net present
value cost of the lease. This is done in
Table 3.

Table 3
NET PRESENT VALUE COST OF LEASE

Equivalent purchase price
Present value of tax shield provided by principal and finance charge
deductions (Table 2)
Net present value cost of lease
The fifth and final ste p in this procedure is to calculate the net present
value cost of the outright purchase
(same calculations as shown earlier) in

$468,120
125,178
$342,942

order to compare it to the net present
value cost of the lease. This is done in
Table 4.

Table 4
NET PRESENT VALUE COST OF PURCHASE

Purchase price
Present value of tax shield provided by depreciation
(tax rate, 50 %; straight line depreciation; 15% present value factor)
Net present value cost of purchase
As seen by comparing Tables 3 and
4 the net present value cost of purchase
is lower, with the ultimate decision thus
being to forgo the lease in favor of
outright purchase with necessary borrowing arrangements at 6 %.
The earlier erroneous solution as well
as the proper solution shown above both
result in calculations of net present value
costs of purchase and lease with the decision being in favor of th e lowe r net
present value cost. The erroneous solution was considered to be in error since
noncomparables were being compared.
The proper solution made an appropriate correction by removing the interest
factor from the lease, with the end result that the leasing decision was made
comparable to the purchase decision —
both in essence being treated like investment decisions rather than financing decisions. This last statement may seem
quite odd until one re- examines Tables
3 and 4 and the steps followed to make
the lease and purchase comparable. 12
is

"The 15% present value factor used to determine the present- value of the tax shields
indicative of the quasi- investment nature of
Tables 3 and 4.
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$330,000
82,814
$247,186

The Leasing Alternative—
Some Tax Problems
In the preceding illustrations assumptions concerning taxes simplified the
analysis. For example, straight -line depreciation was assumed and no mention
was made of t he investment credit or
additional first -year depreciation. These
assumptions do absolutely no damage to
the analytical framework recommended.
In the case of depreciation all one has
to do is use the faster write -offs available
under the tax code in the analysis and
there is no question about faster write offs being preferable from a present
value standpoint.
The case of the investment credit and
additional first -year depreciation is similar to accelerated depreciation. In the
determination of the tax shield provided
by purchase all that need be done is to
include the necessary allowance for the
investment credit and additional first
year depreciation. A minor complication
emerges under the lease if the lessor
chooses to pass the investment credit on
to the lessee as he has the privilege of
doing. If the lessor passes on the investMANAGEMENTACCOUNTING

ment credit, the tax shield provided by it
must then be included in the determination of the net present value cost of the
lease.
The most troublesome tax problem
that could arise would be a ruling by the
Internal Revenue Service that a leasing
arrangement is to be treated as a purchase for tax purposes. However, such
a ruling should pose no problems relative to the analytical procedure recommended above. All that would be required is a revised calculation of the tax
shield in the determination of the net
present value cost of the lease. This revised calculation would be based upon
whatever deductions for depreciation,
investment credit and interest charges in
excess of the best alternative rate (the
finance charges) will be allowed by the
Internal Revenue Service. Obviously, a
specific IRS ruling would be helpful in
these cases, as would the services of a
tax specialist.
The Leasing Alternative —A Summary
As was the case with capital budgeting plus financing, improper comparisons can be made in the case of lease purchase decisions. The essence of a
proper approach to lease - purchase decisions can be summarized as follows:
1. Treat the lease - purchase decision as
a decision relative to calculating the
net present value cost of two different
methods of acquiring the services of
facilities.
2. In order to make the lease and purchase alternatives comparable and
ensure sound evaluation of financial
factors the following analytical procedure should be followed:
a. Determine the dollar amount of
interest, finance charges, and principal included in each lease payment.
b. Determine the present value of
the tax shield provided by principal and finance charge tax deductibility.
c. Determine the "equivalent purJULY 1968

chase price" implicit in the leasing
arrangement by discounting the
lease payments at the rate of interest available from the best alternative method of financing.
d. Combine the "equivalent purchase
price" and the lease tax shield in
order to calculate the net present
value cost of the lease.
e. Calculate the net present value
cost of purchase.
f. Make the lease- purchase decision
in favor of d or e.
From a theoretical point of view it is
preferable to evaluate the lease - purchase
decision prior to evaluating the investment proposal, especially in those cases
where the seller offers to lease as well as
sell. The reason behind this is that the
lower net present value cost of lease or
purchase is what should be considered in
the capital budgeting decision.
Ignoring this theoretical correctness
by way of considering the investment
proposal first and proceeding to a lease purchase decision only if there is a go
capital budgeting decision involves some
risk of error in the capital budgeting
decision. This risk is essentially the risk
of making a no -go capital budgeting decision when it should be a go decision.
Such an error could be made when the
lease has a lower net present value cost
and the basic capital budgeting decision
is of a marginal nature. This may not be
much of a real problem if non - economic
or subjective economic factors prevail in
the marginal case.ts
General Summary
The most appropriate general summary for this paper would appear to be
as follows:
Where alternatives are to be compared it
is absolutely essential that they be legitimate alternatives and that they be made
comparable.
"See footnote 5 for a comment relative to
this same issue which occurs under the similar
sale- financing package offered by a seller of
facilities.
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Recent Auiiic`a,tions
MAJOR CHANGES CAUSED BY THE IMPLEMENTATION
OF A MANAGEMENT INFORMATION SYSTEM
Harold M. Sollenberger
National Association of Accountants,
505 Park Ave., New York, N. Y. 10022,
June 1968, paperback, 128 pp., $2.00.

This NAA Research Monograph No.
4 describes significant changes attribu-

table to the introduction of computer
based management information systems
in a selected group of companies. Emphasis is placed upon the extent to which
companies studied have achieved their
systems objectives, and factors influencing the results are discussed.

FINANCIAL REPORTING BY DIVERSIFIED COMPANIES
R. K. Mautz
Financial Executives Research Foundation, 50 W. 44th St., New York, N.Y.
10036, 1968, 392 pp., $15.00.

This report is the result of nearly two
years of intensive research to determine
the usefulness, practicability and desirability of reporting for the segments of

diversified companies. The report pre sents the findings, statistical data sup porting them, and a full statement of
conclusions and recommendations. According to the study's conclusions, diversified companies with certain characteristics should report sales and the relative contribution to profits of each inajor industry group.

1967 CONFERENCE OF ACCOUNTANTS
University of Tulsa, 600 S. College Ave.,
Tulsa, Okla. 74104, 1967, paperbound
89 pp., $2.00.
New techniques and tools for providing

management with economic information
are stressed in this group of papers pre sented at the 1967 annual conference of
accountants held at the University of
Tulsa.

MANAGEMENT INFORMATION: A QUANTITATIVE ACCENT
Richard D. Irwin, Inc., 1818 Ridge Rd.,
Homewood, 111. 60430, 1967, 710 pp.,
$11.35.

Edited by Thomas H. Williams and
Charles H. Griffin, this book contains

a collection of articles selected, as stated
by the editors, " . . . to accent the importance of the accounting- mathematics
alloy in modern business information
systems." Contents are helpfully reorganized by important management functions.

MANAGEMENT SYSTEMS
John Wiley & Sons, Inc., 605 Third
Ave., New York, N.Y. 10016, 1967,
483 pp., $10.95.
Edited by Peter P. Schoderbek.
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Well selected papers covering a wide
range of aspects of management information systems are collected in this
book of readings.
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(Continued from inside front cover)
general office of a large decentralized
corporation. Principal items of the
property of the general office, besides
the buildings and grounds, are such
things as furniture, office machines,
laboratory equipment, photographic
equipment, airplanes, and so forth.
Much of this property is susceptible
to loss through wrongful conversion,
something that is not mentioned specifically in the article.
A part of the reason for maintaining records for this kind of property
is to control the possible loss that
could result from the convertibility
exposure. It would appear advisable
to consider a stratification based on
the relative risk involved in a class of
property. I assume that, once the
grouping has been established for the
convertibility classifying, the formula
presented in the article could be applied to this population.
Another somewhat less tangible effect to weigh into the decision - making
is the effect of the inaccurate records
on those in the organization who are
also users of other accounting data.
One principle that is very important
is to establish and maintain the confidence of report users in the substantial accuracy of accounting reports. While the cost of this loss of
confidence is much more difficult to
measure than the effect on the tax
bill, it may be greater. I would suggest serious consideration of this factor's contribution before sacrificing

too much of the reliability of property
records.
Dean C. Robinson
General Headquarters Accountant
Deere and Company
Moline, I11.
►

Effectiveness of Planning

To the Editor:
The article "Building and Controlling a Multi- Divisional Growth Company" (February 1968) by Mr. Donald A. Gaudion really hit the nail on
the head. It appeared just as we were
in the process of formulating a Management by Objectives program for
our company, so the timing could not
have been better. The beauty of the
article was, of course, that it was written by the president of the company,
rather than by a corporate planner.
The old saw about requiring top management support for any program is
such a truism when the area of planning is concerned.
Mr. Gaudion's statement that the
"effectiveness of planning is measured
more by the manner in which it stimulates movement toward stated objectives rather than the accuracy of the
forecast" had a remarkable effect on
those people who were not getting
with the program because they were
hesitant to commit themselves lest
they be called to task for not attaining
their goals.
Michael D. Herb
Director of Planning & Control
Prescolite Manufacturing Corporation
San Leandro, Calif.
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