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Motivation and Coordination
in Management Control Systems
B y C H AR L E S T. HO R N GR E N

o w D o Yo u j u d g e th e e ffe c t i ve n e ss
a n d efficiency of a m a n a g e m e n t
co n t r o l sy st em ? Pr e se n t crit eria oft e n
c o n c e n t r a t e o n the mi n im i za t io n of errors, fr a u d a n d wa ste. T h e y foc u s o n
physica l co n t r o l a n d in fo r m a t i o n ha n dl i n g sy st e m s — n o t o n m a na g e m e nt c o n tr o l syst em s in to t o . T h i s p a p e r r a i se s a
se t o f q u e st i o n s t h a t b o t h m a n a g e r s a n d

H

spe ci a l ists sho u l d a sk , i n a d d i t i o n t o t h e
tr a d i t i on a l o n es, wh e n e v a l u a t i n g a pa rticu la r syst em.
T h e jo b of a , m a na g e me n t c o n tr o l sy stem is to he lp m a n a g e m e n t a tta in the
h a r m o n y of goa ls (effecti vene ss) a n d
t h e o p t i m u m a c q u i si t i o n a n d utiliza tion
o f r e so u r c e s (effi ci en cy ). [ T h is is essen tia lly co o r di n a ti o n , wh i c h , in tu r n, involves pr o b l e m s o f mo ti va ti on . Mo t iv a tion pe r m e a t e s the qu e st io ns we a r e
a b o u t t o r a i se . 2

GOAL - SETTING
Does your system provide a global empha sis, so that all major goa ls and their interrelationships are considered insofar as possible when ma na gers act? Expressed
another way, does your system specify its goa ls and su b -goals to encoura ge behavior
that blends with top management goa ls?
MULTIPLE GOALS. T h e a i m is to get
su b -g oa ls in c on gr u e n ce , wh ic h re qu ir es

dir ect ion a n d ba l a nc e. It is fa irly ea sy
to a sse ss t h e dir ect ion o f e a c h sub -goal

' Robert N. Anthony, Planning and Control
Systems: A Framework for Analysis, Harvard
Business School, Boston, 1965. pp. 5, 16 -17,
27 -28.
The major objective of this article is to underscore and make explicit the probable impact of
a system on managers' behavior— without getting entangled in disputes about terminology
and embroiled in attempts to identify singular
cause and effect relationships among the joint
effects of the accounting system, management
attitudes, styles of leadership, selection of
goals, and so forth. Therefore, I have combed
the accounting and business literature, not the

psychological literature, to gather examples of
behavior which was apparently sparked directly
by the existing control system. Many recent
articles have ably examined the psychological
literature as it relates to accounting. For example, see Selwyn Becker and David Green, Jr.,
"Budgeting and Employee Behavior," Journal
of Business (October 1962), pp. 392 -402, and
George J. Benston, "The Role of the Firm's
Accounting System for Motivation," Accounting Review (April 1962), pp. 347 -355. Also
see the Journal of Business (April 1964) for a
reply by Andrew C. Stedry to the Becker and
Green article, plus a rejoinder to that reply.

DR. CHARLES T . HORNGREN, CPA, Peninsu la -Pa lo Alto
Chapter (Chica go 1960), is Pro fe sso r o f Ac c o u n tin g a t the
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(secon d edition, 1967), and, with J . A. Le e r, CP A Pr o b le m s
and Approa ches to Solutions (sec ond ed ition, 1964), all by
the same publisher, Prentice -Hall, Inc.
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by itself; the trouble is that they are
interdependent. Moreover, the selection
of sub -goals is essentially based on a series of assumptions regarding optimization which must be made at a top planning level.
OVERSTRESS ON ONE GOAL. Fixation
on sub -goals often causes ineffective behavior. The greatest danger is overemphasis on one goal which leads to failure
to attain other goals. The most common
instance is the short -run maximization of
net income or sales which hurts long -run
resulIts.
TOOLS OF COORDINATION. The following practices are illustrations of approaches that have helped coordination:
If incentive rewards or punishments
are directly dependent on some performance measure, such as sales or

contribution to profit, the scheme
should be based, at least partially, on
some group (global) performance
measure, such as total company net
income.
2. The goal selection and constraint
recognition should be interlocked explicitly. This can be achieved in many
ways, from conscious informal management agreement to elaborate comprehensive budgets using linear programming. The point is that this job
of goal setting and coordination is so
fundamental that it should not be a
product of chance or a by- product of
the day -to -day extinguishing of business brush fires.
3. Rigid compartmentalization by responsibility or profit centers must be
counterbalanced by explicit top management teamwork in seeing that
goals harmonize.

STRUCTUREOFORGANIZATION
Is your system tailored to the organizational structure to strengthen motivation? Is
responsibility pinpointed? Are distinctions made between controllable and uncontrollable factors?
Systems and Organization Changes
Ideally the organization itself and its
processes must be thoroughly appraised,
understood, and altered if necessary, before a system is erected. That is, the design of a system and the design of an
organizational stucture are really inseparable and interdependent. The point is
that the most streamlined system is not
a cure -all or substitute for basic organizational ills or management ineptitude.
On a practical level, there may be a
powerful temptation to separate the design of systems from the design of organizational processes by assuming that
the organizational structue is given. But
some sad experiences with the hasty installation of computers demonstrate the
weakness of such an approach.
In order to maximize efficiency and
effectiveness, organizations, subdivide
processes and stipulate a hierarchy of
managers who are expected to oversee
various spheres of responsibility. Some
form of a responsibility accounting system usually reflects this process. Re-

sponsibility accounting highlights the
executive's freedom to make decisions,
pinpoints centers of attention and effort,
and uses budgets to specify expectations
sharply.
Cooperation versus Competition
A fragile balance must be struck between careful delineation of responsibility, on the one hand, and too rigid
separation of responsibility, on the other
hand. Buck - passing is a pervasive tendency that is suposedly minimized when
responsibility is fixed unequivocally.
But often the motivational impact
boomerangs; too much falls between the
chairs. Managers often wear blinders
and concentrate more than ever on their
individual worlds. Family cooperation
is replaced by intra- company competition.
Example: Two departments performed
successive operations in a line production
process making automobile frames. The
frames were transferred from the first to
the second department via an overhead
MANAGEMENTACCOUNTING

conveyor system. Because of machine
breakdowns in his department, the Department 2 manager requested the
Department 1 manager to slow down
production. He refused, and the frames
had to be removed from the conveyor
and stacked to await further processing.
A bitter squabble ensued regarding which
department should bear the extra labor
cost of stacking the frames.
Accounting Records as
Motivation Devices
Because the accounting system tallies
performance, the records themselves become a direct mechanism of control and
motivation. In many cases, particularly
where activities are highly routine and
the measurement problems are easy,
there is a favorable motivational impact
from the very act of recording. 3
Example: A large corporation had difficulty in reducing the volume of errors
submitted to its central electronic data
processing center by its parts depots.
Where all other means failed, the simple
step of circulating a report of all depots'
individual percentage of errors dramatically reduced the error rate.
But there is also a pitfall here. There
can be overdependence on an accounting system as being the prime means of
motivation and the final word on the
appraisal of performance. Although the
system may play a necessary role in coordination and motivation, its many
limitations deserve recognition too, particularly in matters of cost allocations
and transfer pricing. A common complaint of managers, often marked by
tones of discouragement, is that they are
being unfairly charged with uncontrollable costs.
Exa mple: A president of a large corporation insists that central basis research costs be fully allocated to all
divisions despite objections about uncontrollability. His goal is to force division
managers' interest toward such research
activity. The basic question is whether

Peter M. Blau and W. Richard Scott, Formal
Organizations:

A

Comparative

Approach,

Chandler Publishing Company, San Francisco,
1962, p. 178.
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the measurement system is the best vehicle for reaching such an objective.
Indiscriminate cost allocations may undermine the confidence of the managers
in the entire measurement system.
Example: A large decentralized lumber
and paper company acquired a small
company which manufactured envelopes.
Shortly thereafter, the envelope company
was instructed to purchase all of its
paper needs from a Western paper division at "market" transfer prices. The
quality of the paper was inferior to that
previously acquired elsewhere. This adversely affected waste and machine
speeds.
The paper mill showed a handsome
contribution to overall company profit,
but the envelope division's performance
was poor. Bonuses were awarded to the
paper mill managers but not to the envelope division managers because the
central management was too far from
the underlying activities to evaluate the
performance in any way other than by
the profit center approach. In this case,
the executive had been assigned responsibility without commensurate freedom
to manage. He exerted no control over
the purchasing function, and his manufacturing function suffered because of
inferior raw materials.

The whole idea of decentralization
and profit centers is based on the manager's freedom and independence. Unless he has alternatives, unless he can
resort to buying and selling outside the
company, his so- called profit center is
fictitious; it is essentially a cost center in
a centralized company. When substantial freedom of choice is not available,
the resultant transfer prices are artificial
to a point which severely contaminates
the rate of return and similar measures
of profit performance.
Those who favor the wide use of profit centers often cite the presence of internal friction and competition as a major benefit rather than as a major defect.
For instance, exasperating transfer pricing disputes often focus on uneconomic
activities which would not be detected
by an ordinary cost center system. Profit
centers tend to force managers to check

ou tsid e ma rk e ts, a l te rn a t e so u r ce s of
su p p l y , n e w p r o c e sse s a n d a l t e r n a t e m a -

teria ls m o r e fr eq u en tl y tha n wh e n cost
ce n t e r s a r e u se d .

ACQUIRING AND USING RESOURCES
Does you r system properly guide ma na gers in the acquisition and ultilization of
resources by providing a ccu ra te, releva nt informa tion?
T o be u se fu l , d a t a mu st be a c c u r a te ,
rel eva nt, ma t eri a l a n d timely. H e r e we
c o n c e n t r a t e o n a c cu r a c y a n d rel ev a nc y,
th e t wo a spe c ts t ha t h a ve t he mo st d i re c t
be a r i ng o n th e m o ti v a t io n a l in fl u e nc e o f
a sy st e m .
ACCURATE RECORDKEEPING. T e x t b o o k s d o n o t d e v o t e m u c h sp a c e t o t h e
pr o b l e m s of ob t a i n in g a c c u ra t e so u rc e
d o c u m e n t s. Yet t h i s i s e a si l y o n e o f t h e
mo st perv a si ve, ever la st ing pr o b l e m s in
collecting i n fo r m a t i o n . An a c c o u n t i n g
sy st em will m e a n little to m a n a g e m e n t
i f t h e r e c o r d k e e p i n g fu n c t i o n i s h a p h a z ard.
Ac c u r a t e re c o rd k e ep i n g is essentia lly
a problem of mot iva tion:
Example: T he ma intena n ce crews of a
telephon e compa ny some times wou ld do
regu lar recurring short -term ma intena nce
and repa ir work on various projects; at
other times the sa me crews would be
concerned with huge construction projects— installing or building plant and
equ ipment. T he compa ny had weekly
performa nce reports on the regu lar ma intena nce work , bu t loose control over the
construction projects. An investigation
disclosed tha t the foremen were encoura ging the work men to boost the time on
the construction projects and to understate the time on the regula r ma intena nce
projects. The forema n's performa nce on
the latter always looked good. In this
case, the correction ca me in balancing
the empha sis between ma intena nce and
constru ction so tha t both were bu dgeted
and cu rrently controlled.'
INTELLIGENT ANALYSIS OF RELEVANT
DATA, T h e a c c o u nt i n g sy ste m sh ou ld
pr o d u c e in fo r ma t i o n tha t lea ds m a n a g er s to wa r d co r re c t dec isio ns reg a r di ng
ei th e r e va l u a t io n o f p e r f o r m a n c e o r se ' Marvin A. Griffin, Operations Research in
Budgeting, unpublished doctoral dissertation,
The Johns Hopkins University, 1960, p. 128.

l e c t i o n a m o n g c o u r se s o f a c t i o n . Intellige n t a n a l y si s o f c o st s i s o ft e n d e p e n d e n t
on e x p l i c i t d i st i n c t i o n s b e t we e n c o st b e ha vi or pa t te rn s, wh ic h a r e m o r e likely
to b e a c hi e ve d via th e co n t ri b u ti o n a p pr o a ch t ha n v ia t ra d i t io n a l m e t ho d s. T h e
gen er a l te n d e n c y to wa r d in di sc ri mi na te
full cost a ll oca tio ns ra ises a na lytica l
da n g e r s.
Ce n t r a l c o r p o r a t e costs a r e ofte n all o c a t e d o n t h e b a si s o f s a l e s d o l l a r s b e c a u se o f t h e l a c k o f a n y b e t t e r b a si s fo r
a llo ca ti on. T o o o ft e n , the pr o d u c t o r
division tha t i s d o i n g t h e best to bet ter
th e or g a n iz a t i on 's fo rt u n es ge ts t h e he a v iest do se o f c o st wi t ho u t re ga rd to a n y
possible ca u se a n d effect rela tio nshi ps.
T h e pitfalls of
t a k e m a n y f o r m s:

ov e r h e a d a lloc a tion

Example: Some depa rtment hea ds ha ve
been known to schedu le work on older,
slower equ ipment with lower unit deprecia tion cha rges ra ther tha n on newer,
faster equ ipment with lower variable
opera ting costs bu t higher u nit deprecia tion charges formulated beca use of l ow
pla nn ed vo lu me"
Example: T he area of ove rhe a d allocation is properly a favorite target for
criticism, particu la rly where sa les dollars
are used as a base. Fo r insta nce, small
orders tend t o genera te a s mu ch ma rk eting overhead as large orders. Overhead
allocation based on sales dolla rs would
err; bu t allocation ba sed on the nu mber
of orders might also be difficult to defend. T he resultant unit costs and unit
profits mu st be ca refu lly interpreted"
EMPHASIS ON COST BEHAVIOR. T h e
fo r e g o i n g e x a m p l e s d e m o n st r a t e t h e i m po r t a n c e of k n o wi n g the va r io u s co st
'Robert Beyer, Profitability Accounting, The
Ronald Press Company, New York, 1963, p.
265.
'Ma rion H. Simpsen, "Bu t the Old Problems
Remain." NAA Bull et i n, February 1964, p. 15.
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behavior patterns. Intelligent cost analysis cannot be made unless the manager
can distinguish between controllable and
uncontrollable costs, variable and fixed
costs, and separable and joint costs.
Moreover, he must be able to interpret
unit costs wisely.
ADMINISTRATION OF THE SYSTEM
Do budgets and responsibility accounting and other accounting techniques foster a policed, departmental
orientation rather than a positive, overall organizational orientation? Let us ask
if the absence of such techniques would
encourage a broader orientation. The
answer to such a question is indeterminate; yet it is doubtful that the lack of
a budget would broaden a supervisor's
horizons and would make him conscious
of the organization as a whole instead
of his little departmental sphere.
The administration and communication of budgetary and other accounting
techniques should be distinguished from
the techniques themselves. The management control system embraces the techniques and their administration and communication. That is why coordination
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and motivation have been highlighted in
this article.
Every system is marked in some degree by problems of conflicting goals,
erroneous source documents, faulty cost
analysis, etc. The aim is to reduce the
lack of coordination and to increase the
proper motivation —to improve systems
with the full realization that perfection
is unattainable.
In many cases of weak systems, the
technical aspects of the system are not
the culprits. The weaknesses are inept
administration, the neglect of communication and education, and the neglect
of the motivational impact of the system. The success of a management control system can be affected by both its
technical perfection and by other nontechnical factors that influence management behavior.
Summary
Because motivation should be a prominent consideration in designing management control systems, any systems
checklists, questionnaires, or criteria
should explicitly include an appraisal of
the motivational influences of the system under review.

A Plea for More Standards in Cost Accounting

HE PLEA Of this piece is not to extend the application or use of standard costing but, quite broadly, to make
certain practices in cost accounting more
standard. The plea completes a larger
discussion begun in this forum and extended elsewhere. The discussion, started
with "how," now moves deeper into the
"what" and on to the vital "why." Before making this move, let us review
briefly the "how" and the "what" started
elsewhere.

In Review
Earlier, in an article on variance
analysis,' the writer showed how to compute the joint variance —that residual
difference between standard and actual
cost which may not be attributed solely
to the deviation of any one variable. In a
labor problem 2 involving only rate and
1R. W. Partridge. "Will the Real Variance,
Please, Stand Up," Management Accounting,
November 1966, pp. 3 -9.
2 T o focus the discussion, this paper sticks to
labor problems although the analysis applies
to material problems too.

performance, these variables exert mutual effects not unlike an electrical
transformer. In this physical process the
primary and secondary coils develop
self - inductances separately and a mutual
inductance jointly. In our accounting
process of variance analysis the deviation of actual rate from standard develops a rate variance, the deviation of
actual performance from standard develops a performance variance and both
deviations develop a joint variance
jointfy.3
The "how" covered earlier was addressed primarily to the sticky problem
of computing the joint variance in a
three - variance problem in which a labor
mix has been added. But the "how"
leads inevitably to the "what" or, perhaps, a "so what." At any rate, the question that hung over from the earlier
work was what is the practical effect of
following the common practice of ig3The reader can follow this discussion with
profit without the cost of any auxiliary research
by simply noting that
Rate variance= (R 8 — RA )P s,
Performance variance= (Ps— P,,)Rs and
Joint variance= (R —R„)(Ps—P,,),
where R B stands for standard rate; R,,, actual
rate; Ps, standard performance and P,,, actual
performance.
s

B y R . WI L L I AM P A R T R I D G E
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an M.B.A. d eg re e fro m th e Harv a rd Bu sine ss S ch o o l. He is
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analysis;

noring the joint variance.4 Ho w b ig a r e
th e e rr o r s to wh i ch i t le a d s?

2. It experimented wi th this wea pon on
a ta ctical basis.

T h e initial re se a r ch 5 to lea rn wh a t
h a p p e n s wh e n the joint va ri a nc e is igno r e d a t t a in e d t wo o bj e c t i v e s:

T h e we a p o n fo r ana lysis —or, rea lly,
de vi ce fo r me a su r in g th e "what " —is a
rela tive e r r o r fu n ct i on . In ge ne ra l, it is

It seized on a useful wea pon for

In co r rect va rian_cee_
(1 ) Rela tive error= l— Correct varia nce
I n the two - variance p r o b l e m , wh e r e
an error is introdu ced only int o the rate

va ri a n ce by the co n v e nt i o n of ign ori ng
th e j o in t v a ri a n c e ,

(2 ) Relative error= l —

ra te va ri a n ce s a l on e resu lts wh e n the
joint va ri a nc e is ignored.g T h e three va r i a n c e p r o b le m wa s su b st a n t i a l l y si m plified b y t r e a t i n g i t i n t e r m s of sp ec i a l
ca ses. 9 Fo r t h is p r o b le m l e a ds t o t he fo l lo win g k i n d o f m o n st r o u s m o d e l o f t h e
re l a t i v e e r r o r i n t h e r a t e v a r i a n c e .

Eq u a ti o n ( 2 ) sh o ws tha t if, fo r e x a m p l e , p e r fo r m a n c e i s o ff b y 2 0 p e r c e n t so
then is the compu ta tion of the ra te va riance.
T h e i n i ti a l r e se a rc h wa s l i m it e d t o t h e
ra te va r ia nc e, fo r it ha d be e n sh o wn
ea r li er tha t a total of th re e in co rr ec t

PA[MA (R s — RA) +(1— M A
A ) (R s —R n) l
PSIM

s

(3 ) Relative error= I —

7

P`

" )1
(R S— RA) + ( 1 — M s) ( R SB — R A

wh e re t wo la b o r g r a d e s, A a n d B , a r e i n volved a n d the ne w sy m bo l s g o a s
fo ll ows: MA sta nds fo r the a ctu a l mi x,
o r fr a ct i on , of la bo r gr a d e A ; R S, the
st a n da r d ra te of la b or g r a d e A ; a n d so
o n . ( R e a d u p so t h a t R S r e a d s st a n d a r d
( s) ra te ( R ) of g ra d e ( A ) . ) 10
In spite o f t h e limi ta ti ons o f t h e initial r e se a r c h , i t d e m o n st r a t e d a n a l a rm -

ing poten tia l fo r e r r o r i n the ra te va ria n c e wh e r e v e r the joint va ri a nc e is ignored.

4The convention is to use the following formulas in lieu of those shown in footnote 3.
Rate variance= (R S— R,)P,, and
Performance variance= (P S— P,)R S.
Note that this rate variance is different from
the correct one contained in footnote 3.

definition of the relative error —that is, (correct variance— incorrect varia nce) - correct
variance.
7The reader may verify equation (2) by some
simple manipulations of the material in footnotes 3 and 4.
SSee pp. 5 -7 of the reference provided in footnote 1 for a description of the method of developing these variances.
BThis is to say simply that the relative error
varies from problem to problem with the standard rate and mix structures.
toNote that I —M.' in equation (3) is really
My, the standard mix of labor grade B.

SThe research results summarized in the ba lance of this sub - section are reported in detail
in the following article: R. W. Partridge, "Let's
Do Right by Variance Analysis." Cost and
Management, Society of Industrial and Cost
Accountants of Canada; Hamilton, Ontario,
December 1966, pp. 491 -8.
8Equation (1) is obtained by rearranging the
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N e w Results
T o e x t e n d t h i s r e se a r c h i n t o t h e f i n a l
c a m p a i g n o n " wh a t , " we n e e d t o :
1.

D e sc r i b e t h e r e l a t i v e e r r o r fo r t h e
p e r f o r m a n c e a n d mix va r ia nce s.

Do this in a general fashion,
rather than in terms of special
cases.
4 ) RE _ 1

In the most general of the three incorrect performance variances, the relative error (hereafter RE) is

R ;' M
M"n ++RR n" ((11 —
A( ))
R
—MM A

5
W h a t we wa n t fr o m t h i s m a ss o f h i e r ogl yp hi cs is a si m pl e st a t e m e n t o f h o w
the rela tive e r r o r b e h a v e s in a pr o b l e m
in te rm s of rela tive ra te, p e r f o r m a n c e
and m i x deviations. Ac c ordingly, the
(5 ) RE - 1 — C

Continuing in this vein, it shortly becomes painfully clear that this approach
will not do. So we must brace ourselves
for a dash into formal mathematics and
a dip into the fourth dimension.
It may be shown by calculus that
equation (5) contains no special features —that is, neither discontinuities nor
extrema.12 There are, therefore, no
to ( 5) let R 9
e qual one, r A= R A/ R s, ra = R q ( = RA / R s =
RA / 1) and M A = M,", /M s and set the coefficients

equal to the appropriate constants. Note, therefore, that each relative deviation —rA, r,, and
MA—is a ratio of actual to standard.
12The lack of discontinuities in equation (5)
may actually be discerned by inspection. The
lack of extrema may be shown by demonstrating that the function does not meet the

10

the re la t iv e e r ro r m a y be.
A fe w e a sy ste p s wi l l co n ve rt eq u a t io n
(4) into

reMA— Csra

where r Astands for the relative deviation
of labor grade A; r1,, the relative deviation of labor grade B; M A , the relative
deviation of the mix and the constants
—C11 C2 and Cs— various functions of
the standard rate and mix structures
which, for a particular problem, are
taken as given."
What does this model, equation (5),
tell us, as it stands, about the behavior
of the relative error? Knowing that all
the C's are less than one (as they are),
we might start an answer to this question
by observing from the second term on
the right of equation (5) that if both r A
and m A are favorable the relative error
will increase more than if they were unfavorable.

1 1 T o move from e quat i on ( 4)

5

st a t e m e n t will rea dily revea l h o w big

+ C 3 r a m A ,

"magic" combinations of the deviations
that result in singularly high or low RE's
in the performance variance when the
joint variance is ignored. Put another
way, when these deviations vary, one
way or another, the relative error grows
steadily bigger or smaller.
To complete our understanding of
equation (5) we should move, in a
rough fashion, into the fourth dimension. Exhibit I shows the geometry of
equation (5) in three dimensions. However, it does this so that the geometry
offers some feeling for the fourth dimension.
Not e first t he two l a rg e t ri a ng les, ABC

and ADE. Physically, they represent
two infinitely large panes of transparent
glass. (Note that the triangular panes
intersect along AF so that part of each
is slightly obscured and shown, therefore, by broken lines.) Mathematically,
the panes represent some of the solutions of equation (5) ; each pane contains some of the possible relative errors
for combinations of r Aand r B and some
particular M A , given fixed standard rate
"ne c e ss ary condi t i on " that the parti al derivatives of R E with respect to r A, ra an d m A
vanish . N ot e f ro m t he fo l l owi ng t h at t h e y ca nnot.
SR E - - C , m A= O ;
SrA
SRE__
6
— C z C,m A= O ,
5R E _
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Ge ome t r y of E q u a t i o n ( 5 )
RE

CO

r

mA.

ra
EXHIBIT 1

and mix structures. In Exhibit 1 M A is
1 for ABC and 2 for ADE; R ; (the
standard rate structure), 1.5 and M'S
(the standard mix structure), .33.
Next note that each pane in Exhibit 1
contains a four -sided area (also shown
in broken lines wherever one lies beMAY1967

hind the other) which is extended beyond the triangular portion of the pane
as required. Each area contains only the
relative errors for rate deviations up to
20 percent from standard. Accordingly,
these areas are intended to focus our
analysis within the context of what
11

might be deemed a reasonably controlled
situation.
The coordinates at each corner of the
four -sided areas would show something
of the potential for e rror in the performance variance from ignoring the
joint variance. Read the coordinates as
(r A , rp, RE). For simplicity only those
for G and H are provided. In the case
of G, 20- percent rate deviations coupled with no mix deviation (mA =1.)
result in a 20- percent relative error. In
the case of H, 20- percent rate deviations
coupled with a 100 - percent mix devia-

tiont; result in a 38- percent relative
error.
As we add panes in Exhibit 1, we
show more of the effects of mix deviations. Accordingly, if we could retain
some meaningful idea of what was unfolding before our eyes, we could get
much closer to a four dimensional picture of equation (5 ) .
Something of this picture is simulated
in tabular form in Table 1. It contains
the RE's at the corners of the four -sided
areas that would appear in Exhibit 1 as
a few more panes are added.

Table I
RE's
r,,
.8
.8
1.2
1.2

rR
.8
1.2
.8
1.2

nt.,:

0

.25

.31
.31

.28
.30

1.50

1.75

.23

.16

.15

.12

-.04

-.01

-.02

-. 0 6

-. 1 1

-. 1 8

-.15

-.26

-.27

-.32

-.10

-. 0 3

-.08

-. 1 1

tallote that a 100 -percent mix deviation may
fall within the context of a "reasonably controlled situation." For example, the standard
mix for a ten man crew may allow for only
two grade A men; yet the use of as many as
four, or a 100-percent increase, would likely
be more tolerable than a much smaller deviation in performance and, particularly, rate.

1.25

-.03
.11

-.03

The Why
The writer feels that the foregoing results will likely inhibit most accountants
from following the convention of ignoring the joint variance in variance analysis. However, to increase the probability
of this outcome, to appeal to those who
may wish to cling to expediency regardless of risk and to offer another argument against the convention on a
compelling but altogether different basis,
the writer proposes to show why the
convention contradicts sound and standard practice in another area of cost
accounting -the treatment of spoilage
costs. Taking a problem, let us:

.75

.25
-.03
.17

The results of the foregoing analysis
extended to the mix variance are summarized in Exhibit 2.

12

.50

1. Apply sound accounting practice to
solve it.
2. Try a solution scheme analogous to
the convention of ignoring the joint
variance.
3. Compare and contrast the two approaches.
The Spoilage Problem
Imagine a production department
with no beginning in- process inventory
in which during some accounting period
5,000 units are started, 3,000 completed, 500 spoiled and 1,500 left in
ending inventory half completed. Imagine further that all material is introduced at the beginning and that the
spoilage is normal and detected upon
completion. Assume that material and
processing costs run $10,000 and
$7,500, respectively. Consider the classic problem of costing production and
ending inventory.
Applying sound practice, spoilage is
taken into account in determining equivalent production as illustrated in Table 2.
MANAGEMENTACCOUNTING

Relative Error in the Mix Variance
RE"

� 2pre

I)

rg

// (A2, , e, -1, y)
Here p = P A/PS (performance deviation), RS = 1.5 and MS
. =

33.

EXHIBIT 2
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N o w l e t u s t r y a so l u t i o n sc h e m e t h a t
is analogou s to the convention of ignorin g t h e j o i n t v a r i a n c e i n v a r i a n c e a n a l y sis. W e sh a l l ig n or e sp o i la g e so t h a t its
co st s spill ov e r , so t o sp e a k , in di scr im ina tely in t o pr o du c ti o n a n d the e n d i n g
in v en t or y . T h e in co rr ec t resu lts a r e
sh o wn i n T a b l e 3 .
N o t e t h e b a si c d i ff e r e n c e b e t we e n t h e
e ffe c t s o f t h e s o u n d a n d i n c o r r e c t t r e a t m e n t s of spoil a ge. T h e in c or r ec t solu tion in T a b l e 3 sh o ws tha t ig no ri ng

sp o i l a g e r esu l t s i n lo we r e q u i va l e n t p r o du c t i o n a n d hi gh er u nit co st . A s a resu l t , wo r k i n p r o c e ss sh o r t o f i n sp e c t i o n
gets ov e r c h a r g e d whi le c o m p l e t e d pr odu c ti o n gets a wa y with less tha n its
sh a r e . ' 4
14Ending inventory is stuck with $512 of excess charges when the incorrect treatment is
used. The writer grants that this treatment becomes acceptable in the special situations
where material and processing costs and spoilage are incurred at a uniform rate throughout
production or no in- process inventories exist.

Table 2
SOUND SPOILAGE TREATMENT
Flow
3,000
500
1,500

Equ iva lent produ ction
Unit Cost Computation s:
(1 ) Total cost
(2) Equ iva lent production
(3 ) Unit cost = (1 ) /(2 )

Completed p rodu ction:*
Before spoilage
Spoilage
Total
Ending inventory*
Accounted for

$

Material
$10,000
5,000
2.00

Processing
$7,500
4,250
$1.765

Total
$17,500

Material
$10,000

Processing
$7,500

$11,295
1,883
$13,178
4,322
$17,500

6,000
1,000
7,000
3,000
$10,000

$5,295

$

Co st S ummary :
T o be a ccou nted for

Equivalent units in
Material
Processing
3,000
3,000
500
500
1,500
750*
5,000
4,250

$

Prod uction Su mma ry:
Completed
Spoilage
Ending inventory

883
$6,178
1,322
$7,500

*7 50 = 1,50 0X 1h; a ll d a ta i n t he cost su mma ry were obtained by mu ltiplying
u nit c osts a nd a pp ropria te da t a from the p rodu ct ion su mma ry.
Table 3
INCORRECT SPOILAGE TREATMENT
Equivalent units in
Production Su mmary:
Completed produ ction
Spoilage
Ending inventory
Equ iva lent produ ction

14

Flow
3,000
500
1,500

Material
3,000
- 0 1,500
4,500

Processing
3,000
- 0 750*
3,750

MANAGEMENTACCOUNTING

$10,000
$

)

3,750
2.00

Total
$17,500

Material
$10,000

Processing
$7,500

$12,666
4,834
$17,500

6,666
3,334
$10,000

$6,000
1,500
$7,500

Co st Su mma ry :

To be accounted for
Completed production*
Ending inventory*
Accounted for

4,500
2,222

$

(

I Unit cost
(2 ) Equivalent production
(3 ) Unit cost= (1)/(2)

Processing
$7,500
$

Material

Unit Cost Co mpu tation s:

*7 5 0 = 1 ,5 0 0 X'/ 2 ; all data in the cost summary were obtained by multiplying

unit costs and appropriate data from the production summary.
Note the basic likeness between the
incorrect treatments of spoilage and
the joint variance. The convention of
ignoring spoilage is identical to that of
ignoring the joint variance. The resultant indiscriminate spilling of costs
over production and ending inventory
is strikingly similar to the dumping of
the joint variance into the rate variance
in the two- variance problem or the
scattering of it over two of the variances
in the three - variance problem.
Summary
To close this article, as well as a trilogy which takes the joint variance for
its central theme, let us sum up the
important points.
First, we saw earlier in this forum
how to compute the joint variance in
hard problems by a method that is easy
to apply and recall.
Second, there appeared later in an-
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other forum a modest kind of breakthrough into the problem of determining what really happens when convention is followed and the joint variance
is left out of variance analysis.
Third, comi ng down to this article,
we attempted, initially, to improve our
answer on the problem of "what" and,
then, to combine this new and improved "what" with the old and proved
principle of consistency (taken broadly)
in order to show why the convention
should be discarded.
We showed models, in mathematical
and geometric forms, of the behavior
of the relative error introduced into the
performance and mix variances by ignoring the joint variance. Neither model
revealed many opportunities to get away
with anything by following convention.
We also showed that in following convention in variance analysis we abandon consistency, as well as sound accounting practice.
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Cost Control for Program Managers
By J O S E P H P . B O NC H O N S K Y

HE M E A S U R E M E N T o f t i m e ,

cost and
performance at any given point in
time must be made possible to allow for
good, sound management action.
In ord er to mana ge a program, the
earliest possible knowledge of future
problems provides the program manager
and responsible engineers with maximum remaining time to apply management action to avoid the problem.
Following is a detailed cost control
technique in early problem determination, maximum solution time availability, and cost control report usage.

the program, the manager has a feeling
that his job is being successfuly accomplished. However, at a point too late in
the program he realized that he is not
going to make the schedule and begins
to expedite. Therein lies the problems of
a program without good cost control
since expediting creates additional cost
and also failure, which cost both time
and money.
The problem must have a solution and
the solution is timing. Earlier in the
program, the total picture of time, cost
and performance must be periodically
known and monitored.
Pilot PERT /Cost

The Cost Curve Without Cost Control
A common problem to many programs is reflected in Exhibit 1. The Scurve is the normal curve for the hardware stage and the planned curve illustrates at point (1) the design effort, (2 )

An attempt to determine an earlier
point of problem awareness is illustrated
in Exhibit 2, which represents the Satellite Interceptor environmental control
development units. While the program
was small ($75,000) , it was an excellent
example for study. Cost control is most

th e d e si g n r e vi e w p e ri o d , ( 3 ) t h e m a n u -

difficu lt in the d e v e l o p m e n t sta ge of a

facturing portion of the curve, ( 4) commencement of testing and completion of
manufacture, (5) the phasing out of
testing and ( 6) the delivery point.
The actual curve, unfortunately, ends
up with an overrun condition. Initially
the actual curve shows expenditures to
be less than planned. As a continuing
result, for approximately two - thirds of

hardware program and the examples
herein will highlight this area.
The Satellite Interceptor S -curve was
normal and the actuals were running
lower than the planned curve. At t he
mid -point of the program, the manager
was presented with the fact that an overrun was to occur, based on cost information which indicated about a $3,000

JO S E P H P . BO NC H ON SKY, Pa los Verdes-T orra nce Chapter 1966, is Senior Preliminary Design Engineer for Th e
Garrett Corporation, responsible for program controls at
/� th e AiRese arc h Ma n ufa cturing Divisio n, La s Ang e le s, Ca lif.
Mr. Bonchonsky received his degree from Pennsylvania State
University , University Park, Pa. He is a no ted lecturer an d is
accredited with several p ublished bo ok s.
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COSTCURVEW/OCOSTCONTROL
PLANNED

N
Y

Q

(3)
/ ' '

O
D

(4)

;

U'A
,T
'

/F A C

L

TIME IN MONTHS
EXHIBIT 1

/

PILOTPERT-COST
Y

PLANNED
`ACTUAL

O

O
o

,

TIME IN MONTHS
EXNIBIT 2

overrun and a schedule slippage of 5
weeks.
The main cause was that the value of
work being done did not leave adequate
funds to fabricate a magnesium test fixture for vibration test, etc. Knowing of
MAY1967

the problem early, the manager earned
his salary by recognizing that this was
a development program and the test unit
was to be tested and not the test fixture,
which allowed him to review test fixture
requirements.
17

PERTCOSTUSASCA
TIME NOW-

Y
N
CL

PLANNED
ACTUAL

O
0

VALUE
1

12

13 1 4 1 5 1 6 1 7

18

1 9 11 0 1 1 1 1 1 2 1 1 3 1 1 4 1 1 5 1 1 6

117 11 8 1 1 9 1 2 0 1 2 1 1 2 2 123124 1 25 126 127 128

TIME IN MONTHS
EXHIBIT 3

The end result was the decision to
build (3 days) the test fixture out of
wood, place the test sensing elements on
the test unit and as a result, make up
for the loss in value of previous work
and complete the program on schedule
and within costs.
While the above sounds too simple, it
did occur and the most significant point
was that the problem was brought to an
earlier timing and allowed for management action time.

/e

PERT /Cost—Complex Program
A more complex program is presented
in Exhibit 3 and, as a result, problems
of greater depth. The United States
Army Satellite Communications Agency
( USASCA)
contracted
AiResearch
Manufacturing Company, A Division of
the Garrett Corporation, Los Angeles,
as a prime contractor to design, build
and test a Cryogenic Refrigerator System, which was to be an advance on the
state -of -art. This system would require
air hearings, 5 -inch diameter turbine
wheels, etc.
18

The original conservative estimate to
accomplish this job was well over one million dollars. The negotiated reduced
contract would allow for only 625,000
dollars.
The problem looks insurmountable;
nevertheless, good cost control and good
customer liaison, plus responsible engineering, will reveal how this job was
successfully accomplished with only a
7- percent overrun for the first hardware
stage. It is important to remember, that
the research and development stage is
the most difficult to complete within
cost.
At the outset of the program, the actuals were less than planned; however,
a new addition to the curve was added
and termed value. The value of dollars
spent was less than the actual and this
differential is a projected overrun. Therefore, in the initial months the program
manager was confronted with an overrun program, even though the actuals
were less than planned. The program
manager, as you will note later, closely
MANAGEMENTACCOUNTING

TYPEII-WORKBREAKDOWNSTRUCTURE
CONTRACT 200200
INTEGRATED MASER LIGUID HELIUM
CRYOGENIC SYSTEM

DOCUMENTATION TASKS
I, 2, 5, 6, 7,8
HARDWARE TASKS
3 AND
1111
DESIGN
PLAN

2112
TEST
PLAN

210T
REFRIGERATOR
SUBSYSTEM

310
CONTROL
PACKAGE

410
COMPRESSOR
PACKAGE

210
REFRIGERATOR
SUBSYSTEM
INTEGRATION

F

1107
TEGRATED
SYSTEM

5115
INSTRUCTION
BOOK

110
SYSTEM
INTEGRATION

610T
MASER
SUBSYSTEM

I

CRYOSTAT
PACKAGE

8118
TECHNICAL
REPORTS

AMPLIFIER
PACKAGE

MASER
SUBSYSTEM
wr c A T n

810
REMOTE
CONTROL
PACKAGE

EXHIBIT 4

CRYOGENICREFRIGERATORSYSTEM
WBS COORDINATION WITH ENGR COST CONTROL REPORT

3400- 200200- 00 -0000

623.5 K

III

11 -1100

DESIGN PLAN

3210

32 -1100

FEASIBILITY INTEGRATION

3410

34 -1000

COMPRESSOR FEASIBILITY

3510

35 -1000

CRYOSTAT FEASIBILITY

99.8 K

4210

42 -1000

EXPERIMENTAL INTEGRATION

17.3 K

4310

43 -1000

CONTROLS EXP

4410

44 -1000

COMPRESSOR EXP

4510

45 -1000

CRYOSTAT EXP

65.1 K

53.6 K

13.5 K

5.4 K
184.2 K

7.0 K
11 6. 99

4710

47 -1000

MASER EXP

4810

48 -1000

MASER CONTROLS

8.2 K

5115

51 -1500

INSTRUCTION BOOK

1.5 K

6116

61 -1600

TEST PLAN

1.0 K

8118

81 -1800

REPORTS AND ADMINISTRATION

50

EXHIBIT S
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managed the specific work effort at the
outset of the program.
The value factor is derived by a very
well planned program both from a time
and cost standpoint, in that measureable
work packages are established at the beginning of (in this case prior to) a program.
PERT /Cost with Work Breakdown
A work breakdown structure is- presented in Exhibit 4 in which the hardware products and the non- hardware
products were established as separately
manageable work packages from a cost
and schedule standpoint. For example,
the Design Plan was costed at $13.5K,
with a 4 -week time period. The task
actually required 5.2 weeks and $21.1K.
An overrun of $7.6K and a negative
slack of 1.2 weeks was incurred in the
initial weeks of the program.
Each work package was to be evaluated and presented to USASCA every
month. As a result, the use of the engineer cost control report already computerized was necessary to facilitate this
effort.

Allocation of Dollars
The allocation of dollars to the work
package is reflected in Exhibit 5. The
task number of each work package was
then assigned to the work breakdown
structure of Exhibit 4.
The engineer cost control report provides the basic cost ingredients to the
Management Cost Summary Report
(Exhibit 6) to be delivered to USASCA.
Two Part Analysis
The best way to prove a cost control
tool is to show the end result of its application.
A two -part analysis is illustrated in
Exhibit 6. The first part is on the work
performed to date, which includes value,
actual cost and overrun or underrun to
date. The second part reflects the totals
at completion, which includes slack status, projected overrun or underrun, the
latest revised estimate and the initially
planned cost.
Examining the Cryostat Work Package
on Exhibit 6, which is dated 31 April
1965, a period 15 months after contract

COSTOfWORK$(000)
TOTALS AT COMPLETION

WORK PERFORMED TO DATE
VALUE

ACTUAL
COST

(OVERRUN)
UNDERRUN

PLANNED
COST

LATEST
REVISED
EST

PROJECTED
(OVERRUN)
UNDERRUN

MOST CRIT
SLACK
(WEEKS)

SYS FEASIBILITY
LEVEL 1
3110T

239.0

243.2

(4.2)

289.4

286.5

(2.9)

-8 . 9

REFG FEAS
LEVEL 2
32107

219.6

223.8

(4.2)

289.4

286.5

(2.9)

-8 .9

5.4

7.4

(2.0)

5.4

8.4

(3.0)

COMPR FEAS
LEVEL 3
3410

155.0

153.4

1.6

184.2

168.9

15.3

-8 . 9

CRYO FEAS
LEVEL 3
3510

78.6

82.4

(3.8)

99.8

109.2

(9.4)

-4 . 5

ITEM

REFG FEAS INTEG
LEVEL 3
3210

EXHIBIT 6
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commencement, the actual cost was
$82AK and the value of $78.6K presents an overrun condition of $3.81K.
The cryostat package was in difficulty
and the totals at completion projected a
latest revised estimate to complete of
$109.2K versus a planned cost of
$99.8K. Therefore, a projected overrun
of $9.4K was anticipated.
The compressor package "work performed t o date" had an actual cost of
$153.4K, however, the compressor value
of $155.OK presented a $1.6K underrun.
The totals at completion with a $168.9K
latest revised estimate to complete and a
planned cost of $184.2K presented a
promising underrun of $15.31K.
The summary at the top of Exhibit 6,
reflected a $2.9K projected overrun for
the completion of the refrigeration system feasibility hardware product.
It is to be remembered that the initial
estimate to complete this program would
indicate a 100 - percent overrun. The actions undertaken by the program manager were a daily occurrence, both with
in -house control and liaison with USAS-

CA to ensure that the objective of the
program was well understood.
Feasibility Hardware Program
Exhibit 7 is the same Management
Cost Summary Report dated 30 September 1965, which is the conclusion of the
Feasibility Hardware Program.
Reviewing the Cryostat Package, a
$32.4K overrun occurred instead of
$9.4K. The basic cause was the helium
gas used during test, which unfortunately contained some foreign objects. The
addition of filters and an activated charcoal absorber cleared the problem, unfortunately with a six -week additional
effort. The compressor package projected a $ 1 5 3 K underrun and a $14.9K
underrun actually did occur. The Feasibility Hardware Stage was completed
with a $20.9K overrun, which was an
excellent accomplishment, considering
the advance on the state of the art.
Cryogenic Refrigerator System
Exhibit 8 presents the USASCA Cryogenic Refrigerator System at the 21month period with approval to proceed

COSTOFWORK$(000)
WORK PERFORMED TO DATE
ITEM

TOTALS AT COMPLETION

VALUE

ACTUAL
COST

(OVERRUN)
UNDERRUN

PLANNED
COST

LATEST
REVISED
EST

PROJECTED
(OVERRUN)
UNDERRUN

MOST CRIT
SLACK
(WEEKS)

SYS FEASIBILITY
LEVEL 1
3110T

289.4

310.3

(20.9)

289.4

310.3

(20.9)

-10 .1

REFG FEAS
LEVEL 2
3210T

289.4

310.3

(20.9)

289.4

310.3

120.9'1

-10.1

5.4

8.8

(3.4)

5.4

8.8

(3.41

COMPR FEAS
LEVEL 3
3410

184.2

169.3

14.9

184.2

169.3

14.9

-8 .0

CRYO FEAS
LEVEL 3
3510

99.8

132.2

(32.4)

99.8

132.2

(32.4)

-10.1

REFG FEAS INTEG
LEVEL 3
3210

EX HI BI T 7
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DELIVERY
NO.1

EXHIBIT 9

into the experimental hardware stage.
The projected overrun for the total program is 6 percent with a negative slack
status of 1.0 weeks.
The present over -plan is 2 percent or
$11.3K wit h a n over run of 7 percent.
The work breakdown structure, charge
number coordination, and engineering
cost control report are tools which the
program manager can utilize throughout
the program to properly evaluate and
implement cost control procedures.
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PERT / Time — Environmental Control
System
To better understand scheduling, Exhibit 9 reflects a slack status curve,
which usually results in delivering on
schedule. That is, the problem of scheduling is noted early in the program and
the negative slack status prods the program manager and responsible engineers
to take management action to alleviate
the situation at an early point in time.
With program time remaining, the proMANAGEMENTACCOUNTING
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EXHIBIT 10

gram manager has time to execute management action.
The C -141 environmental control system is an excellent example of the Exhibit 9 curve. The program was started
with a 2.5 week positive slack and quickly went into a negative slack status.
The critical activity was the prime contractor's approval of specification resolution. The prime contractor responded
when the negative slack of 10 weeks
was programmed. Fortunately, adequate
time remained in which seven weeks
were recovered. Considering a large
complex hardware system such as C -141
ECS with an I1 -month required delivery, a 3 -week negative slack was quite
an accomplishment, especially when the
prime contractor recognized his critical
activity as the cause.
PERT /Time in Action
The technique of scheduling to best
meet the scheduled deliveries is illustrated on Exhibit 10. The original plan
MAY 1967

should establish as many activities in series as possible. For example, gas bearing test of six weeks is followed by test
data analysis and design studies of six
weeks. The prototype design of 3 weeks
is to commence at the completion of test
data analysis. Responsible engineers are
aware of the schedule requirements and
when the test activity slips, a revised
plan is put into operation. However, the
four -week slip of test requires the test
data analysis to commence prior to test
completion and prototype design starts
at the 80 percent test completion point.
The revised plan ends in 15 weeks,
which actually is the original plan. The
negative slack of —4 weeks at an early
point of the program highlighted the
requirements of scheduling. If originally
10 weeks were scheduled for test in
anticipation of problems, the human nature of being allowed 10 weeks without
negative slack would probably result in
a 12 -week test period and, as a result,
the slippage beyond recovery.
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Conclusion
In summary, the availability to management tools, such as PERT/Time,
PERT /Cost, bar charts, engineer cost
control report, etc. does not ensure that
management and cost control are natural
fallouts; however, the proper usage of
these tools will result in good management.
Recognizing the benefit of establishing
a value curve to the planned and actual
cost curve in the previous pages of this
report, a quick way of establishing value
to separate manageable work packages
could be established within the engineering cost control report. The technique

must reflect the cost and performance
status of the program.
One would imagine that a dollar value
of actual costs to date would suffice. It
would; however, very few program managers would reveal to anyone that he is
not getting a dollar value and especially
early in a program. When a responsible
engineer is asked to estimate how much
mone y h e ne eds to complete his task,
the majority of responsible engineers are
ready to ask for more money.
It is in this latter aspect, that a technique would have to be established to
obtain value.
The formula would be as follows:

planned cost
latest revised estimate X actual cost to date —value

level

The planned cost is available at the
outset of the program. The actual cost
to date is available from the engineer
cost control report. Therefore, only the
latest revised estimate to complete, is an
additional ingredient.
It would then be necessary to determine at which level of reporting the latest revised estimate is best implemented.
The engineer cost control report task
would be a must. On various programs (especially large) the Engineering
Work Authorization (EWA) levels may
be too numerous. It is to be recognized
that all EWA's would have to be evaluated to arrive at the task level; therefore,
the EWA level is suggested.
Further study is deemed necessary to
determine advantages and disadvantages,
for example, if the projected overrun
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(realistic) is very high, in which case
the customer should not be allowed to
review the engineer cost control report
without an explanation of cause and action. It may be best implemented only
on new programs, in which the learning
curve would prepare the responsible
engineers for proper handling of each
situation.
Nevertheless, the value and its projected underrun or overrun status would
reveal cost and performance and should
be implemented on every program. The
performance factor is obtained by a ratio of planned cost versus latest revised
estimate to complete, when the latest revised estimate to complete is valid for
completion of a product that meets the
specification requirement.

MANAGEMENTACCOUNTING

A System of Research and Development
Cost Control
B y RI CH AR D A. DURO
importance in the
financial operation of a research
department or center is a system of cost
reporting which will provide sound cost
data quickly. The value of this data is
multiplied manifold when it is properly
compiled and disseminated to the various levels of management, with detail
trimmed or eliminated according to prescribed needs of each management level.
The system described below provides
this kind of "detail- according -to- need"
reporting.
Research and development projects
are generally funded for a specific time
period. If the project progresses well
and justifies its existence, it is refunded
for another period of time. Thus a productive project may continue for several
years. For the purpose of describing our
system, project funding will be on a
yearly basis.

O

F FUNDAMENTAL

Financial Plan of Action
The most important single item in
this system is a financial plan of action.
Every project must be planned for a
period of one year, showing by month
how much will be spent and who (mean-

ing what particular scientific skills) will
spend the money (Exhibit 1) .
The information from these project
plans is fed into a computer via punched
cards, and one immediate result is a
manpower and workload analysis by
skills for the entire research center. This
report is then used to determine what
skills are understaffed and exerts considerable influence in decision - making
for the recruiting program. This manpower and workload analysis is also
used to determine where replanning can
benefit the research center workflow and
at the same time improve progress on
individual projects.
Data Collection
With the revised plans now stored on
tape (or disc), we turn our attention to
the collection of cost data by project.
Time is gathered via weekly time sheets,
and the hours (by charging section and
by project charged) are converted to
labor dollars by the computer and stored
on tape or disc.
Purchase commitment data, as well as
invoiced material costs, are collected
and stored on a current basis. Stores
material, freight, travel expense, etc., are
entered into the system by journal entry.

RICH ARD A. DU RO, Canton Ch a p te r 1 9 6 1 , is Ch ie f Ac co un ta n t of Ba bc oc k & Wilc ox Co., Re se arch Div isio n, Allia n c e , O h io . M r. Du r o h o ld s a B. A. d e g re e fr o m Mt. Union
College, Alliance, Ohio.
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10rder No.: 1213 -01

DETAILED BUDGET AND ACTUAL COST ANALYSIS
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Feb. Mar. Apr.
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EXHIBIT 3
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MONTHLY PROJECT COST SUMMARY —RPM -4
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2400
384

—

1213

MAY 1966

1224

STEELMAKING PROCESSES
BUDGET
0
0
ACTUAL
678

50

2100

4600

EXHIBIT 4

At the close of the reporting period
(in this instance each month -end), the
computer is instructed to calculate and
distribute a portion of the research center overhead to each project cost based
on the direct labor dollars already
charged to each project, and then to
print out for accounting and audit purposes a month -end summary of all costs.
Management Information Reports
A series of programs are now introduced to merge the cost data with the
project plans, merge invoiced materials
with purchase order commitments, calculate the "net commitment" for each
project, and print out management information reports with varying amounts
of detail according to prescribed needs.
To better illustrate the distribution of
these management reports, a simplified
organization chart is shown in Exhibit 2.
Though this chart shows only one Lab
Manager, there are usually several. Each
would appear as the one shown in the
illustration above.
The first series of reports (Exhibit 3)
is designed to provide the project leader
with detailed charges, by charging section, to his project. Each month's costs
28

are shown against the amount budgeted
for each month. Year -to -date cost and
budget figures are also shown. (An additional advantage of this type of reporting is that upon receipt of the current month report, the previous report can be
discarded.) This report also lists the
total 'funding for the project, the net
purchase commitments, and the balance
of funds available.
The next level of project reports (Exhibit 4) is directed toward the section
chief and manager. These reports summarize project costs on a "one- line -perproject" basis. This means that for each
project within each section the actual
costs versus the budgeted cost year -todate are shown in total only, eliminating the details of who made the charges.
The final series of project reports are
directed toward the manager- directorvice president level. This report (Exhibit 5) summarizes project costs by
sponsoring division and shows month
cost, year -to -date cost, year -to -date
budget, amount and percentage of variance between year -to -date budget and
year -to -date actual, and total funding.
This same system is applied to the
MANAGEMENT ACCOUNTING

MONTHLY COST REPORT — METALS DIVISION
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operating expenses (overhead) of the
research center. Each section chief is
responsible for budgeting the expenses
for his section. Once his budget has
been approved for the year, he must
submit a plan of expenditures for the
twelve -month period by operating account number (Exhibit 6).
The dat a from these plans are keypunched and fed into the computer to
be stored on magnetic tape (or dis c).
During the course of this month, actual
cost data is accumulated by operating
account number. At month -end, a series
of reports are issued giving "detail according to need."
The section chief receives a detailed
picture of actual costs shown against
his planned expenditures by month and
year -to -date. The manager, director and
vice president receive two very com-
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pacted reports, giving them the expense
budget and actuals in different formats.
The first report gives a picture of budget
and actual by laboratory and department, and also by total for the research
center. The next report presents the operating expenses for the entire research
center by type of expense; i.e., salary
and hourly indirect labor, maintenance
and operations labor, fringe benefits,
etc.
A further step is contemplated to
provide "reporting by exception." A
set of guidelines would be established
which would instruct the computer to
print reports on only those projects
showing exceptions to the established
parameters. All information would still
be generated and stored in complete detail and could be made available to the
project engineer on request.
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Unsophisticated Automation Can Break
the Paperwork Bottleneck
B y AVER Y F . B L AK E J r .
automation's essentials
are characterized by the ABC's of
automation: A for automatic input; B
for the by- product concept; and C for
the computer (electronic). There are
four signals that can be used to measure
whether a company has a definite,
clear -cut need for basic office automation. The responsible manager should inquire whether any of these symptoms of
system strangulation are present:
1. A steady increase in office personnel.
2. High level of worker turnover.
3. Large volumes of repetitive work.
4. Lack of management information.

B

ASIC OFFICE

Increases in Office Personnel
While a steady increase in personnel
is sometimes a sign of company growth
and progress, it can very well be a sign
of office bottlenecks instead. If a company is hiring new people to create paperwork by the same processes which
have been in use for years, the procedures usually need overhauling.
Many of the tasks assigned to clerical
personnel are very similar to jobs done
by production workers in a factory. Instead of working with parts or assem-

blies, the clerical people work with information and forms.
American industry has long been committed to automation on the production
lines in order to increase the productivity of its employees. Management
should apply exactly the same principles
in the office.
Office workers can be equipped with
machines that perform all, or part of
their tasks automatically. The cost of
the equipment is more than offset by
the increased productivity, and relatively
fewer people are required in the expansion of the business. It is possible to cut
back the number of people assigned to
a job within a large department when
manual methods are automated, but
more often the application of automatic
office equipment provides for expansion,
increased information, and greater accuracy.
High Level of Worker Turnover
Office worker turnover is a real profit eater. Most office workers who change
jobs do so either because the work load
is excessive or because it is poorly organized. Automated office equipment reduces excessive workloads, and the data
systems review that should accompany
an installation will also improve work
flow.

AVERY F. BLAKE JR., Los Angeles Chapter (Baltimore
1959), is Branch Mana ger o f Friden, Inc., Los Angeles, Calif.
Mr. Blake received h is B.S . degree from Swarth mo re College, Swarthmore, Pa.
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One of the most important benefits
of automating a paperwork job is the
discipline that is inherent in any machine- oriented system. The very fact that
systems and procedures must be studied
thoroughly in order to even consider
automation will inevitably lead to work
simplification and improved efficiency.
A good systems design covers the
work flow that comes both before and
after the particular task you are automating. This affords the opportunity to
install improved procedures in either a
large or small portion of the paperwork
cycle, depending on an organization's
requirements.
For example, it might be desirable to
install an automatic billing machine to
replace a typewriter and a calculator,
and to extend the effects of the system
design back to the order - writing step before the billing takes place, or extend it
on to include a sales reporting procedure. Whatever the choice, the results
will be work simplification and greater
productivity that will eliminate one of
the basic causes of worker turnover.
High Levels of Repetitive Work
If the office staff is engaged primarily
in preparing the same type of paperwork over and over again, a company
very definitely will profit from basic office automation. The very thing basic
automation reduces is the time spent
preparing repetitive paperwork.
Almost all of the typing and figuring
of sales orders, invoices, and purchase
orders, for example, can be done automatically with basic automated equipment. The only variables on a sales order
are usually the customer purchase order
number and the quantity of the items
required. Since these are the only things
that must be entered through some type
of keyboard, the operator's function is
greatly simplified, is much faster, and
the orders will be prepared more accurately.
Lack of Management Information
In today's business climate, with com32

petition sharpened by the benefits of
automation, managers need more and
more information on which to base required business judgments. Traditional
means of preparing reports and creating
summary data can no longer supply
management with meaningful information fast enough. Timeliness is a major
benefit to management that basic automation affords.
Without cost and sales analyses and
current data for production and inventory management, businessmen are at an
extreme disadvantage. This information
is easy to get with basic automated machines. All types of management reports
are readily available.
The punched tapes or cards prepared
as a by- product of originating documents
can be rerun on the equipment to produce daily journals and control totals.
Invoice and billing journals, profit by
invoice, check and accounts payable registers as well as accounts receivable and
inventory proved totals can be available
at the end of any batch of work.
These same by- product punched tapes
or cards can then provide the input to
the company's computer, or t o a data
processing service center. The service
center will furnish any type of management report on the desired periodic basis at a fixed cost per transaction.
An example of most useful timely
management information is a system
which includes constant data on edge
punch cards for compiling line item cost
and profit data on all sales. Exhibit 1
shows how a perforated attachment to
an invoice copy is used for a print out
of each line calculation. The by- product
punch tape thereby produced can be
used for several cost and profit analyses.
Daily totals of the commission, cost and
profit amounts are also valuable.
Where to Begin
The fear that automation requires
mysterious, highly expensive equipment,
useful only to larger firms, is keeping
many otherwise progressive companies
from the automation they need. In truth,
MANAGEMENTACCOUNTING

LINE ITEM COST AND PROFIT
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the best way to get into automation is
one step at a time. And the proof lies in
the experience of many small organizations.
Even the very smallest operations
have benefited from the use of high
speed, high capacity computers by taking advantage of data processing service
centers. Hundreds of one -man accounting offices across the country are having
their routine write -up work handled by
large computers, while the accountants
are left free to offer the accounting and
advisory services for which they are
qualified.
The system which makes this feasible
is simply an adding machine equipped
with a punch paper tape output, that in
turn feeds directly into the data processing center computer. Printed adding machine tape provides the necessary audit
trail for the accountant and the control
figures for the data processing center.
The computer simply balances to the
control totals before beginning the processing of reports, and thus guarantees
the accuracy of the input system.
Generally speaking, about ]/ 3 to 'A
the cost of a data processing center service is the expense of translating the information from documents into computer language. The simple punched
tape adding machine allows the accountMAY 1967

ant to eliminate practically all of this
expense by producing the computer input as a by- product of an adding machine run he needs to make anyway.
The by- product concept can be expanded well beyond the adding machine
type of operation to include the preparation of any form or listing that contains data that can be subsequently processed on a computer. The equipment can
be programmed to include all, or part,
of the data in the computer input media.
Thus, while a complete name and address might be typed on a sales order,
the machine might cause just a customer
code number to be sent to the computer.
When the computer prepares the reports,
it can then call forth the customer name
from its own file to identify the data for
the person reading the reports.
The service center concept has many
advantages for the company that is entering into the use of automated data
processing for the first time. The service
center provides all of the know -how
needed to set up, and make use of, a
management information system. Usually the only investment required is in
the simple inexpensive source data systems which process the original documents.
Data processing centers are beginning
to offer their services to a wide market
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on a time - sharing, or real -time basis.
Communication between the customer's
office and the computer is by means of
simple terminals that combine the functions of automated document preparation and send - receive capabilities. Whenever management information is required, an inquiry from the same terminals can cause the computer to transmit,
or print out, the current file data. This
is approaching the ultimate value to
management in information processing.
Two major roadblocks to the small
business that wants to take advantage of
such services are cost, and sending copies of their business documents out of
their office to provide the computer input. Neither factor is valid when basic
automation equipment is used. The computer input can be created "free," as a
by- product of preparing the original
documents on a machine which also prepares the only thing that leaves the office
—the punched paper tape, or cards, or
electronic signal. The major portion of
the service expense is eliminated, and
the creation and control of the computer
input is quick, accurate, and virtually
effortless.
Bottleneck Breaking
In situations where sophisticated EDP
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systems are not yet applicable, it is feasible and simple to start a step at a time
with basic office automation by use of
simple hole punching devices and processing the by- product tapes or cards at
a service bureau. A good application can
be found for getting started. Then improvements and other applications can
continuously be adopted. Remembering
to keep flexibility in the systems will enhance their value in the resulting usefulness of reports obtained, and in keeping
down costs.
Automated data handling means
fewer procedures for old workers to remember, for new workers to learn, and
for management to control and supervise. Since these machines are simple to
understand and easy to operate, there is
little problem in training personnel.
Any accountant who has not acquainted himself with the simplicity and low
cost of such improved systems is falling
short of his opportunities for service. He
is jeopardizing the profits of his firm
every day that he fails to provide more
valuable decision - making data, to reduce
the expense of manual or mere ly mechanical entries and processing, and to
start automating his way out of paperwork bottlenecks.
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A Management Action Reporting System (MARS)
By J ACK J. W O O LF
Action Reporting Sys tem ( MARS) is a method by
which changes in profit are reported
b e fo re they happen. It has been welcomed by management since it improves
their performance by facilitating decision making. The system itself does not
represent any revolutionary development. To the contrary, it is but another
step toward a "management accounting"
system which provides financial data deliberately geared for management action.
The MARS approach is to an tic ip a te ,
via projections, the results of operations.
It operates as another method of communication between the various individuals responsible for managing the
business.
Each manager reports the changes in
the operation of the business from a preestablished yardstick to the financial
area. These changes are translated into
their estimated dollar impact and incorporated into an "exception" report. Operating management as a group then
reviews the report with an eye to improving the anticipated operating results.
In this manner, MARS bridges the
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gap between financial planning and accounting reports. It recognizes that operating management is continuously involved in planning and evaluating events.
Thus, it has an advantage over the traditional, historical accounting reporting
systems.
Aside from the benefits for operating
management, there are benefits exclusively for the financial manager. These
include the early identification of errors
which facilitates accounting record keeping. Since MARS projections resemble final operating results, any disparity
becomes cause for investigation. The
result is either greater accuracy in the
current accounting data or better projections of developments in future
MARS reports.
Another benefit for the financial manager is that the responsibility for preparing this report makes him the focal
point for management disctissions about
it. In actual experience, the MARS report has been an important item on the
agenda for review at management staff
meetings. Therefore, the financial manager, through this vehicle, is established
in the center of decision making,and becomes a more important member of the
management group.

JACK J. WOOLF, Westchester Chapter 1961, is Assistant
Ma n ag e r o f Fina n c ia l Plan n ing an d An a ly sis in the Institu tio na l Fo od Se rv ic e Div isio n of Ge ne ra l Foo ds Corp oratio n,
Wh ite Pla in s, N. Y. He wa s forme rly assoc ia te d in fina nc ia l
positions with th e B . F. Goodrich Co mpa n y an d S o no to n e
Corporation. Mr. Woo lf holds B.B.A. and M. B. A. degrees
fro m th e City Colleg e of New York .
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Financial Data Required
Inherent in the operation of the system is the availability of detailed financial data. This is necessary to be able to
properly translate communications from
the responsible individuals into a dollar
impact upon profits. Financial detail
must be available to identify, on a unit
basis, sales realizations and costs for
each element of every product. Hence,
control can be established separately on
the variable and fixed items.

Having the costs segregated into variable and fixed categories does not mean
that "direct costing" must be used in
the books of account. Standards can be
established which will segregate and
identify these types of costs. Therefore,
MARS can be utilized under either an
absorption or direct cost system.
Another MARS requirement is a series
of budgets of the non - product costs, i.e.,
selling expenses, administrative expenses,
etc. These budgets should, of course, be
developed by responsibility. This means

MANAGEMENT REPORT
March Quarter 1967
As of January 21, 1967
( ) Unfavorable
PROFIT BEFORE TAXES
Latest
Change from
estimate 1/7 Est. Plan

UNIT VOLUME
Latest
Change from
estimate 1/7 Est. Plan
1,000
(20)
20

$630

$8

$64

--------------------------------------------------------------------------P.B.T. changefrom
1/7 Est.
Plan
$(12)
$44

Explanation

1. Volumes
Revised sales estimate
2. Marketing Expenses

Product A promotions
3. Selling Prices
Price increase eff. 2/1— Product R
4. Product Costs
Raw material — Latest est.
Other costs
5. Fixed, Selling, Research & Administrative costs
Total

(40)

20

30

30

40

(50)

$ 50
(10)
(10)

$ 8

20 ,

$64

Potential Risks and Opportunities

1. Volumes — Controller's Department Estimates
Product

Unit volume
Trend
Vs. Latest est.

Product M
390
(10)
Product A
180
(20)
Product S
110
10
Total Volume Risk
(10)
2. Selling Price Decrease — Product R
3. Raw Material Cost Estimates
Total Potential Risks and Opportunities
Potential Profit Before Taxes

Value

$(10)
(40)
40
$(10)
$(30)
(20)

$(60)
$570

EXHIBIT t
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that each member of the decision -making team will have direct control over
the expenses associated with the functions and individuals reporting to him.
Necessary, too, is a documented program and series of objectives; a predetermined plan of action for the company.
Through the function of "profit planning," management establishes its strategies for meeting the future and developing the potential of th e business. The
translation of these objectives into financial terms is not only important to quantify them but also necessary to control
departures from the plan.
The MARS report does not eliminate
the traditional acccounting reports of
performance. MARS is an internal reporting system and an adjunct to the
accounting system. However, the successful operation of MARS does relegate the accounting reports to the role
of purely external stockholder, creditor
and governmental reporting.

eluding the degree of detail, the amount
of information as well as the nature of
the items presented must be tailored to
the individual needs of the organization.
Exhibit I is called the "Management
Report" since it summarizes the effects
of management action by responsibility.
The page is divided into three sections.
The top portion is a brief indication
of progress against the established objectives with the change indicated from
the prior report. In this case, management's attention is focused on the latest
estimates of "unit volume" and "profit
before taxes." As a matter of practice,
any series of objectives could be isolated
and reported on in this area, i.e., earnings per share, net sales dollars, etc.
The second section is an explanation
of the changes from the prior report as
well as the cumulative impact of change
for each item from plan. Note that the
changes are grouped into broad areas to
facilitate recognition by each manager
of the items under his jurisdiction.
The third section of the report concerns "potential risks and opportunities"
and is recognized as the unofficial section of the report because it identifies

Management Report
The MARS reports illustrated in Exhibits 1 and 2 are simplified versions of
what is possible. The specific format in-

PRODUCT AND VARIATION REPORT

March Quarter 1967
As of Jaduary 21, 1967
( ) Unfavorable

49
(10)
(123)
128
44
(30)
50
(10)
10
20
$ 64
$

400
1
400 (62)
900
59
400
20
$2,100 _$_l8
$ 550 (30)
610
40
70
240 (20)
$1,470 (10)
$ 630 $ 8

$

$1.00
.05
.10
2.00
(.20) (.05)
3.00
.10
(.30)
4.00
.20
.60
Product totals
Fixed manufacturing costs
Selling expenses
Research development exp.
Administrative expenses
Total nonproduct costs
Profit before taxes

$

10
—
(10)
20
20

—

(20)
(10)
10
—
(20)

$

400
200
300
100
1,000

&

M
A
R
S

$

Latest
Change from
Product estimate !/7 Est. Plan

PRODUCT CONTRIBUTION
Per Unit
Dollars
Latest
Change from
Change from
Latest
estimate t/7 Est. Plan
estimate 1/7 Est. Plan
$

UNIT VOLUME

EXHIBIT 2
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problems which may have a profit impact. Through this section, which is available to all members of the decision making team, managers can call the
group's attention to particular apprehensions and problems before these items
become established facts. In this manner the group has an opportunity to discuss the situations at their leisure and
not under the pressure of time.
Specifically, item No. 3 in the "explanation" section, represents a price
increase effective February 1, on product R. The profit impact for this proposed increase is shown as a $30 favorable change. Now, skipping down to the
"potential risks and opportunities" section, note that item No. 2 is a selling
price decrease on product R. This, naturally, is also listed as a $30 change in
profit since they both concern the same
development.
One might say, therefore, that they
neutralize each other into a zero profit
impact. Actually, having this profit
change listed in both sections helps to
explain exactly what is taking place. In
this instance, the interpretation is that
the company has announced a price increase effective February 1 on product
R. However, it is not sure that the rest
of the industry producing a similar
product will also increase their respective prices. Therefore, there is the risk
that the selling price increase may have
to be rescinded.
Another item of interest under the
"potential risks and opportunities" section in Exhibit 1 is item No. 1 ( Volumes
— Controller's Department Estimates).
The Controller's group has indicated
the statistical trend of unit volume
on the products which show a different expectation from that indicated
by the sales manager. Management,
through experience, learns how to assess
this volume risk.
The significance of including items
such as the selling price change in both
sections of the management report is
that they add to the effectiveness of the
38

report. Through including the ability to
indicate change of one of the items or
an y of t h e items as frequently as desired, the report invites identification of
all changes which may have a profit
impact as soon as they can be communicated.
In this manner, an executive can enlist the support of his colleagues in making a decision. Not only is their respective experience at his disposal, but also
their knowledge of the industry and
what is affecting it. Moreover, it is rare
that some other areas are not affected by
a development or a situation occurring
in one area of the organization. After
appropriate discussion of these potential problems and risks, and the research
necessary to arrive at solutions or counteractions for these, management will be
prepared with strategies to meet and
overcome problems.
Product and Variation Report
Exhibit 2 is designed to be read together with the management report,
since it provides many of the details
behind the changes summarized in Exhibit 1.
The product and variation report also
includes the identification of the major
product lines within the business and
shows the "unit volume" and "product
contribution" of each to total nonproduct costs. The "product contribution"
represents the direct profit from sales of
the product after deducting variable
product costs and marketing expenses.
This serves to keep management's attention focused on selling the products
and realizing the income from those
sales.
Indicating the fixed or overhead
charges by responsibility for each of the
managers calls attention to the total non product costs. For example, the manufacturing manager would not only have
the responsibility of producing sufficient
product at the lowest possible cost to
meet sales needs but, also, of controlling
the total fixed manufacturing costs
MANAGEMENTACCOUNTING

under his jurisdiction (as in Exhibit 2—
$550). Similarly, the sales manager
would be responsible for the total selling expenses, as well as for directing the
physical sale of the products.
Measuring Profit Change
The technique of measuring the profit
impact of a change in operations is not
new in MARS. It essentially employs the
concepts of cost /volume /profit (or volume /rate and dollar variation) analysis.

To explain, a volume variation results
from a change in unit volume which
will cause changes in net sales, variable
costs and product marketing expenses.
However, the profit impact of such a
volume change is the ne t impact of these
changed dollar sales, manufacturing
costs and direct marketing expenses.
Only the ne t result has meaning for operating management. Arithmetically, this
can be illustrated by a volume /rate analysis, assuming the following for Product
M as summarized in Exhibit 2:

Plan
Un it v olume

390

Increase / (decrease)
Change from plan
(1 )

10

(2)

(.10)

Latest
estimate
400

Rate per unit

Gross sales
Sales deductions
Net sales
Direct product cost
Variable manufacturing
Marketing expenses

$2.50
.25
$2.25
$1.10
.25

Total direct product costs

$1.35

Product contribution

$ .90

$1.00

$1.00

(1) A 10 -unit volume increase for product M will result in $9 (volume
change -10 X product contribution rate —$.90) additional "product
contribution' dollars.
(2) A change in any one of the rates from the gross sales to product cost
is called simply —a rate change. To illustrate:
A decrease of $.10 per unit in variable manufacturing cost of product M
has a favorable profit impact of $40 (rate change —$.10 X latest estimated unit volume -400). The latest estimated volume was used because it was assumed that the volume change occurred first. (If the arithmetic calculation has been performed assuming the rate change first,
then the rate change would have been calculated at a value of $39
($.10 X 390) and the volume change at $10 (10 X $1.00). In either
calculation the cumulative profit impact from both changes is the same
—$49.)

Dollar variation measurement is essentially employed in determining changes
in nonproduct costs. A change such as
the inability to hire the planned number
of field salesmen will decrease total selling expenses. Operating management
MAY 1967

need only concern themselves with the
total change and not the specific budget
changes in wages, benefits, travel, etc.
This is one possible explanation for the
$50 favorable change from plan shown
on Exhibit 2 in selling expenses.
39

Computer Applicability
A Management Action Reporting
System can easily be developed as a
computer application. Ultimately, the
MARS report will probably be considered as one of the "outputs" of a
Total Information System. Many of the
changes in operation or their trends can
be automatically communicated in a
computer- oriented system. Also, utilizing a computer to "store" the tremendous amount of detail on cost records,
production capabilities, customer purchase requirements, etc., will result in a
more comprehensive, responsive and accurate MARS report for management.
A manual system can also be effective. Meaningful sales trends can be reported by concentrating on developments in the products which are the
mainstay of the operation. Similarly, a
report with profit changes identified to
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the nearest ten thousand dollars may
provide meaningful information to management and yet permit a good deal of
freedom in development of the report.
The need for refinements will naturally
depend on the complexities of the operation and the desires of management.
Summary
The system utilizes communications
from operating management to forecast
the results of their short -term operating
decisions. By providing a bridge between financial planning and historical
accounting, MARS recognizes that management is continuously involved in
planning and evaluating events. In addition to providing this important tool
to facilitate decision making, MARS
represents another opportunity for the
financial manager to become involved in
making operating decisions.
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Internal Auditing in the Goal Oriented Firm
B y H O BA R T S. JOHNSON

HIS PAPER is the outgrowth of an
earlier study of the function and
purpose of the internal auditor. During
that study, I found that much of the
literature on the internal auditor's function relegated him more or less to the
role of policeman. Any amplification of
his position brought problems of line
and staff relationship and finally a question as to the basic philosophy of the
firm.

T

I have approached the present paper
with the idea of describing the type of
firm where the auditor might in fact be
a catalyst, a vital part of a dynamic
manufacturing enterprise. This had led
further into the question of organizational purpose and control.
First we shall present a concept of
company structure which gives the line
ma n a g e r a maximum amoun t of freedom in determining and achieving his
departmental subgoal. Next we will discuss an approach to internal auditing
designed to obtain maximum usefulness
from this function.

AN ORGANIZATIONAL STRUCTURE FOR
EFFECTIVE MANAGEMENT
First, let us define two terms. By
e ff e c ti v e ma n a g e me n t we mean the abil-

ity of the firm to attain its goals.
Efficien t ma n a g e me n t means the development of an optimum input- output relationship with the firm.
Second, we shall assume that management has access to advanced computer
techiques and that the Board of DirecACKNOWLEDGMENT: Many thanks to Professor
Yuji Ijiri for the idea for the model described

in this paper and the suggestions he had to
offer. Thanks also to Richard D. Holmes for
his help with appendix A. Finally my appreciation to Dr. Dale Yoder and the participants
in the Manpower Management Seminar at
Stanford Graduate School of Business for
their constructive criticism.

tors of our hypothetical company is
anxious to introduce motivational tools
into the firm.
The Shape of the Company
The structure would envisage the
division of the company into op e ra tin g
and se rv ic e functions. The operating
manager would have full responsibility
for his performance within the constraints set up by him and his superior
at budget time. The service manager
would have one of two purposes, either
to service the needs of the line manager
or to report to central management. In
other words the line responsibility would

HOBART S. JOHNSON joine d the Gish olt Corp oration of
Madison, Wis. u p o n g rad u a tio n fro m Trinity Colleg e, Hartford , in 19 51. In 1964 , h avin g spent te n ye ars in Eng land he
resign ed as Mana ging Direc tor, Internatio nal Operations, to
atte nd S tanford Grad uate Sch ool of Busin ess Administration.
Following grad uation in 1966 h e to o k up his p re se nt p ositio n a s Vic e Pre side n t o f Gra -Te c , Inc., where he is Co ntroller and Operations Manager.
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tend toward a form of limited decentralization. Service functions would be
centralized.
In this paper, operating management
is divided into "performance centers"
and corporate services into "service
centers."

center concept, each division or department would become a subgoal determinant. The division goal would be to
maximize or satisfice a short -run objective either strategic or operational within the framework of corporate long
range policy.

A performance center would be a
unique sub - division within the corporation. It could be described as an accounting entity
omposed of operating
assets and operating personnel. The
manager would be rewarded partially
by how closely he approached a maximum level of production under a given
sales mix, partially by how successfully
he developed the human resources under his control.

At each stage of budget formulation,
the operating proposals would be tested
by each subgoal and the constraints for
each division could be set up. By alternatively maximizing and minimizing the
objective function, subject to these constraints, a range of performance could
be determined.
Appendix shows how in many situations the performance range can be
reduced by the use of suitable indicators. At all times, the setting of controllable constraints would be under the
direction of the division manager whose
first goal would be to satisfy his constraints. Non - controllable constraints
would be determined by the long -range
corporate goal structure.
Ijiri' has prepared an interesting analysis of a system for performance
station measurement. His dual evaluator
approach to managerial accounting provides a welcome tool for our purposes.
The evaluator is the marginal increase
in retained earnings obtained from increasing one of the departmental constraints set up by the budget. Use of the
dual evaluator provides opportunity cost
information for any transaction within
the firm although its range is limited by
other constraints which come into the
picture when one variable is manipulated.

A service center would be a unique
sub - division within the corporation
which can be described by the exact
service it is designed to give. Its function is either the responsibility to ensure
that the corporate goal is being adhered
to within operating centers and /or the
responsibility to assist operating units
in carrying out their sub -goal. It would
be completely free from line responsibilities, in order to preserve its independence, impartiality and effectiveness. A
service center manager would be rewarded by a form of bonus system
dependent on the type of service performed.
A Model for Performance Centers
In this section we will discus a general budgeting method which will make
the maximum use of available techniques both in operations and systems
analysis and in the behavioral sciences.
Within the corporate budget framework,
the line manager would bear sole responsibility for the success or failure of
his department. Staff services are available to him, upon his call, to assist him
in achieving his goal. They will also
audit his operations from time to time
to make sure the system is operating
properly.
Under the decentralized performance
42

The Measurement Model
The approach used by Ijiri would require the setting up of a rather sophisticated model which is beyond the scope
of this paper. However, one extension
of the analysis is of particular interest.
Through use of the dual evaluator it
'Yuji Ijiri,Management Goals and Accounting
for Control, Rand McNally and Co., Chicago,
Ill., 1965.
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would be possible to show the maximum
addition to retained earnings caused by
various levels of sales volume. Likewise
it would be possible to show the minimum addition caused by minimizing
the objective function.
This would give the best and worst
possible outcomes, constraints not being
violated, for a given sales volume. At
any given volume of sales, management
would be guaranteed additions to (or
reductions from) retained earnings between a theoretical minimum and maximum as long as no constraints are
violated. An example of this method is
given in Appendix.
An important part of Ijiri's model is
the use of the goal indicator. The indicator is a measure of performance within the departmental constraints. Examples of indicators might be efficiency,
dollar sales, total clock hours, total
hours of production transferred or any
other convenient measurement.
The purpose of the indicator would
be to alert the manager to his particular
subgoal objective and provide him with
a test of how well he is performing.
Although there is not a unique correspondence between the indicator and
the overall objective, the range of
possible objective outcomes can be calculated for each indicator value.
The internal auditor under these con-

ditions would test only for actual violations of constraints, including indicators
as far as his police function would be
concerned. Ijiri's model, by giving a
range of acceptable performance, provides a strong basis for management
by exception.
Before we leave this subject we
should consider the relationships between operating and service groups at
the departmental level.
The operating manager, as has been
pointed out, develops, with his group,
a subgoal target based upon known
constraints. We see an example of this
in the model in Appendix. His sub goal target and attendant constraints
become part of the goal equation of the
corporation. Any modifications to the
subgoal structure can be made only wit)
his participation. This requires full goal
congruence between the board as the
initiator of the corporate goal and sub goal manager.
The manager will be faced with two
basic problems. One is the need to relax
constraints due to unforeseen circumstances, such as (let us hope) higher
than anticipated demand. The other is
the need for help when an indicator
starts to show he is off target. The traditional auditor as a policeman will test
constraints. What is still needed is staff
assistance when the manager finds himself getting into trouble.

AN EFFICIENT INTERNAL AUDITING FUNCTION

Churchill identifies three types of
internal audits, fiduciary, compliance
and management. This paper is concerned only with the latter two types of
audits. The importance of fiduciary
audits is recognized but they are beyond
our present scope. It would be assumed
that they would be undertaken by the
same auditing group which would be responsible for compliance audits.
` N . C. Ch urc hi l l and T . Sa i ns bu ry, "T he Aud i t
Funct i on, A St udy of Go a l Fo rm ul at i o n an d
At t a i nm e nt ," U np ubl i sh e d w ork i ng pa pe r , C arnegie Gr a d ua t e School of Indust ri al Admi ni strat ion, 1966, p. 8.
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The internal audit group would thus
be made up of two subgroups. One
group would be charged with compliance audits and the other with a form
of management audit.
Compliance audits are the police
work of the audit department. Qualified
auditors would check on all performance centers and test for any violation
of constraints. In this way they would
make sure that corporate goal policy
was being followed in practice. This
group would report exceptions to higher
management after consultation with the
division manager involved.
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The second group would be charged
with management services and would be
available to division managers in much
the same way as management service
divisions of present C. P. A. firms. This
group would have to sell its services to
line management.
Thus the auditing department is set
up to:
1. Test and report.
2. Give service when required.
Now we shall discuss the management audit, an outgrowth of the second
function.
The Management Audit
In the previous section two types of
auditing groups were discussed. The
compliance group would report to corporate management. The management
group would report to divisional management. There is, however, a second
type of corporate audit, the management audit. Such an audit would be
called for either at the request of a
divisional executive or at the request
of corporate management. This audit,
instead of testing constraints or reporting on existing practices or policies,
would concentrate on recommending
appropriate changes in coprorate procedures.
It is in the management (or operations) audit that the most effective auditing job ca n be done. However, the
management audit must find compliance in the eyes of operating management to be really effective. This is where
the behavioral problem becomes most
clearly exposed.
The Behavioral Aspect
of Management Auditing
The internal auditor can provide an
essential management function only if
departmental incentives are properly
developed:
1. Operating managers should be rewarded on the basis of their performance within their agreed upon, constrained, range.
2. Fiduciary and compliance auditors
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should be rewarded on the basis of
a corporate bonus payable to service
departments. This bonus would be
tied to actual divisional operating
performance, not to the quantity or
importance of facts found.
3. Management auditors should be rewarded on the basis of cost reduction. So should a division manager,
if he called for the audit.
So we have a motivational system
which accomplishes two objectives. First,
it rewards line managers for maximum
initiative and resource utilization. Second, it rewards staff managers for maximum participation and goal congruence.
We have returned full circle. The
centralized auditing staff has full access to corporate policy, TH E G O AL .
Through the first stage of the audit
process, they can communicate, relate
and correlate corporate policy with divisional. By use of dual evaluators they
can test and help to modify subgoal
constraints, where necessary. By use of
two -way communication at an informal
level, they can ensure that policy is
really understood.
Through the second stage, the formal management audit, they can improve procedures, increase savings and
reduce costs. Meanwhile, the line manager continues to manage freely, within
his constraints, and for these reasons he
is more apt to see the auditor as a friend
than as an enemy.
The greatest value of the structure as
outlined is the opportunity provided for
the development of human resources
within the firm. First, the manager has
the freedom to perform within his divisional constraints. Second, his success
or failure can be measured objectively
based on subgoal attainment. Third,
communication and information flows
become a prime consideration in staff
responsibility. Finally, management education and subjective analysis of performance can easily be provided for
within the structure. These are the keys
to goal oriented, efficient and effective
management.
MANAGEMENTACCOUNTING

APP E N D I X

Budget Model
This model is a gross simplification of
the proposed performance center. We
will identify examples of controllable
and uncontrollable costs as well as a few
examples of the types of variables to
consider. We will identify one indicator
only, efficiency.
XYZ Co rp. Di vis ion Y
Fixed assets

Indirect

H . = t o t a l ho u r s wo r k e d by bo t h a sse m b l e r s ( p e r we e k )

Q.

2 operators ( $3.00 per
hour
2 assemblers c $3.50 per
hour

1 secretary 0 $2.00 per
hour
Hou rs work ed per week (sta nda rd) 4 0

W i d g e t s a r e a sse mb l e d in to type A
gid ge ts (u si n g 2 wi dg e ts) o r ty pe B
gidg ets (u sin g 3 wi d g e t s) . T h e a sse m b l y p r o c e s s i s p e r fo r m e d j o i n t l y b y t wo
wo r k e r s, t h e a sse m b l y time b e i n g i d e n ti c a l fo r e i th e r t y pe o f gi d g e t . Asse m b l y
ca p a c it y i s 1 5 g i d g e t s p e r h o u r .
ca pa c it y

of

S. = price of gidget A
Sb = p r i c e o f g i d g e t B

C

= un c ont r ol labl e costs. ( Assumed
to be independent of production level)

Our objective would be to maximize
profit per week (profit equals revenue
minus costs). Therefore:

T h e division m a n u fa c t u r e s gidg ets
o f t wo t y p e s . G i d g e t s a r e a sse m b l i e s o f
a su b c o m p o n e n t ca lled a wi dg et . T h e
sh o p c a n m a n u fa c t u r e wid ge ts o n two
di ffer e nt m a c h in es.

a

( per week)

M, = machine 1 production in effective
hours (& 100% efficiency.
Mz = machine 2 production in effective
hours @ 100% efficiency.

1 ma intena nce ma n
a $2.00 per hour

M a c h i n e 1 ha s
wi dg et s p er ho u r .

= p r o d u c t i v e qu a n t it y of gidget A

(per week)

2 machines

I foreman OR $4.00 per
hour

20

Machine 2 has a capacity of 10
wi dg et s p er ho u r .
Av e r a g e sa les of gidget A a r e 3 5 0
pe r we ek .
Av e r a g e sa les of gidget B a r e 1 0 0
pe r we e k .
O u r m o d e l w i l l c o n si d e r co nt ro l la bl e
co sts o nl y . W e a ssu me t ha t ma i n te n a nc e ,
su pe rv isio n a n d secr eta r ia l costs a r e
fi xe d a n d co nsta nt .
MAY 1967

H o = t o t a l h o u r s wo r k e d by bo t h m a c h i n e o p e r a t o r s ( p e r we e k )

Qi, = production quantity of gidget B

Labor force:

Direct

Va r i a bl e s:

Revenue = (S. X Q .) + (Sb X Q b)
Cost
= ( H. , X $3) + ( H . X $3.5) + C
Profit
= (S. X Q. + Sb X Q b )
— (H.X3 +H.X3.5 +C)
W e wish to ma x i m i z e profit su b je ct
to:
H o = 8 0 ( h o u r s c o n st ra i n t — m a c h i n i st s)
H a = 8 0 (h ou rs co nstr a in t — a ssem bl er s)
Q . + Q b = 6 0 0 ( a s se m b l y c o n st r a i n t )
2 % + 3Qb = 12 0 0 E (ef f ic ienc y constraint— expressed in
wi d g e t )
Assu mp tio ns: Sa les pr ice is ou tsi de the
ma n a ge r 's c o nt r o l. S a l e s d e p a r t m en t wi l l
accept all gidgets produced. Sales price
fo r gidget A is $ 3 . 0 0 . Sa les price fo r
gid get B is $ 4 . 0 0 . W e a lso a ssu m e a
m i n i m u m work -week of 3 0 h o u r s, a
ma x im u m wor k -wee k of 4 0 ho u r s, per
ma n.
A simplified linea r
model — Constra ints:

pro gra mmi ng

2Q. +3Qb =2 0 M, +10 M,
H. > _ M, + M ,
H. >_ 2 (Q . + Q 0 /15
H„ > _ 6 0
45

Revenue - variable costs
Capacity
Profit

=

Cost of gidget B
3/20 X 3 = .45
1115 X 2 X 3.5
.466
.916
3.084
X 266.6
822
3/10 X 3
.90
1115 X 2 X 3.5
.466
1.366
2.634
X 133.3
352
=

=

=

Revenue - variable costs
Capacity
Profit
Machine 2
Assembly

Cost of gidget A
2/20 X 3 = .30
1115 X 2 X 3.5
.466
.766
2.234
X 400
894
2/10 X 3
.60
1115 X 2 X 3.5
.466
1.066
1.934
X 200
387
=

Machine 1
Assembly

can be shown that the maximum profit
for any given efficiency will be obtained
by specializing in type A production.
The minimum profit for any given
efficiency will be obtained by specializing in type B production while maintaining H o and H. at 80 hours a piece.
An analysis of the calculations is given
below:

=

H. >: 60
M, <_40
K:5 4 0
E = (20M, + IOM:) /1200
We now wish to maximize profit (using 100% efficiency) given the above
constraints. As there are no sales constraints, it is more profitable to specialize in producing gidget A. In fact, it

Therefore:
H„ = 80
M, = 40
Q. = 600
H. = 80
Qn = 0
M , =4 0
Then:
Profit = 3X600— (3X80) — (3.5X80) —C
= 1800 — 520 — C
= 1280 —C
Now we minimize the same function
(using 0 efficiency) to see the effect of
Then:
H. =80
Hi, = 80

complete inaction on the part of the
manager.
M_ =0
Q. = 0
Q " =O

M, = 0

Then,
Profit =0— (3X80) — (3.5X80) —C
= —520 — C
= — 020 + C)
This is a reduction in profit of $1,800
from the maximum calculated above.
The Use of Indicators in the Model
A basic premise in Ijiri's treatment
of this subject is that profit is seldom a
satisfactory indicator of departmental
performance. In this case, for instance,
46

C is unknown except for wages and salaries. Sales prices are not under the
manager's control. Transfer prices are
not contemplated. In other cases, central management imposes constraints on
divisions which are outside divisional
control.
MANAGEMENTACCOUNTING

PR OF I T -- (
1,200

1,000

800
NG R A N G E
FIED

600

40 0

200

0
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

I N D I C A TO R = E F F I C I E N C Y
5. 0%

75%

5.10

83%

960

1086

100 % = E F F I C I E N C Y
1280 M A X P R O F I T

280

1080 M I N P R O F I T
EXHIBIT 1

It is therefore necessary to set up indicators for control purposes. This will
have two effects; it will narrow down
the profit spread and it will be a control device.
In the following example we will use
only one indicator, efficiency (E), but
it will be seen that the profit spread is

much less than before. The use of additinal indicators would reduce the spread
even further.
A Simplified Indicator Model
We assume that the manager and the
board agree on the following efficiency
range:

.70 <_E_<.90

=

=

+

=

+

<

then
1080 expresses this range in terms of widget production.
840 <_ 20M, 10Mr
We will now maximize profit subject to E .9
3Qb
2Q .
1200 X .9 1080 widgets to be produced.
MAY 1967
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Then
Q. = 5 4 0 a nd Qh = 0 since we k no w tha t ma xim u m pro fit wil l resu lt fro m complete specializa tion in gidget A produ ction.
M, = 40 a nd M2 = 2 8 sin ce we k now t ha t it is mo re pro fita bl e to fu lly u tilize
ma chine 1.

This is derived from:
1 0 8 0 = 2 0 M, + I0M2
T he n:
K, = M, + M = 68 >_ 6 0 which sa tisfies our H. constraint
2(540)
H. =
15
= 72 >_ 60 which sa tisfies our H. constraint.
T he n:
Q. = 540 (.5 X 1080)
Q,. = 0
M, = 4 0
E = (800 + 280)/1200 =.9
Prof it = (3 X 540) — (3 X 68) — (3.5 X
= 1620 — 456 — C
= 1164 —C
T h e profit f o r E = .9 ca n b e minimi z e d b y pr o d u c i n g all ty p e B gidgets
a n d u sing 8 0 h o u r s fo r H,, a n d H,,.

M2 = 28
H,. = 68
H. = 72
72) — C

T h i s will inv ol ve m i n i m u m m a n p o w e r
u tiliza tion.

The minimum profit for E = .9 would
be:

P = (3 X 480) — (3 X 80) — (3.5 X 80) — C
= 1440 — 520 — C
=920 —C
Both these points a r e sh o wn o n the

Ma x i m i z i n g the sa m e fu n c ti o n sub -

indicator graph in Exhibit 1 as points A'
and B' respectively.

je ct t o E = .7 yields the following results:

2Q . + 3Q o = 1200 X .7 = 840
Qo = 0
Q. = 420
He r e we m a x i mi z e p ro fi t by sp e ci a l i z ing in type A gidget p rodu ction.
H o w e v e r , sin ce p r o d u c t i o n o n m a -

c h i n e 2 is le ss profi ta ble th a n o n m a c h i n e 1 , we wo u l d utilize m a c h i n e 2
pr o du c t io n su b je c t t o :

8 4 0 = 2 0 M , + IOM:
Since only 840 gidgets will be ma de,
M_ = 4 0
M, = 22
H„ = 4 0 + 2 2 = 6 2 ? 6 0 whic h sa tisfi es ou r H. constra int.
H. = 2 (4 2 0 ) /1 5 = 5 6 ? t W. We a re con str a in ed to em plo y t he me n a mi nim u m
of 6 0 hours even thou gh only 56 hours are requ ired.
T h en :
Q . = 4 20
Q. =0
M, =22
48

M1 = 40
H. =62
H. =60
MANAGEMENTACCOUNTING

Profit = (3 X 420) — (3 X 62) — (3.5 X 60) — C
= 1260 — 396 — C
= 864

a

Th e p r ofi t for E = .7 can be mini- will involve minimum manpower utilimized by producing all type B gidgets zation.
and using 80 hours for H a and H . This
Then:
Q. = 0
M. = 40
Q. = 280
H. = 80
M, = 22
H. = 80
Profit = (4 X 280) — (3 X 80) — (3.5 X 80) — C
= 1120 — 520 — C
= 600 — C
These points are also shown in Ex- to operate. It is also possible to add a
hibit 1 as points Ct and Dl respectively. sales mix indicator to the model, if reExhibit 1 now shows the constrained quired.
area within which the manager is free

Fuel Accounting —Paper Tape Method
B y Jes s e W . At wood'
YEAR AGO we at Akers Motor Lines,
Inc., began thinking about how we
could improve our fuel accounting procedure. We knew that a lot of e rr or s
existed —some of which we had no control over and some of which we did. We
were getting fuel invoices from vendors
up and down the road that we could
audit from a charge standpoint but they
contained many errors in unit numbers.
We knew there was not much we could
do about these except complain directly
to these vendors, which we did.
The following are some figures outlining the volume of work involved in
this procedure. We have slightly over
900 units that use fuel, and have about
40,000 transactions per month for these
units. Unde r our old system we were

A

*Charlotte Chapter 1965. Manager of Data
Processing, Akers Motor Lines, Inc., Gastonia,
N.C. Mr. Atwood holds a certificate in data
processing from the Data Processing Management Association.
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key punching about 15,000 cards per
month. Some of the transactions were
summarized before key punching by
manually sorting and adding.
Under the old system we had to tape
all of the fuel tickets by gallons to balance them with vendors' statements or
our own fuel reports. We then manually
sorted all the tickets by units and taped
them again for total gallons by units.
They were then taped again by unit
totals for balancing before key punching the total gallons used by each unit.
All this was very time consuming and
after being done, we still had to prepare
a fuel voucher manually to set up the
various charges to ICC accounts. These
vouchers were also key punched to run
a fuel balance and charge summary as
well as a listing by vendor.
After weighing all the factors involved
we decided the best approach for solving our problem would be the use of
49

Designing the System
We decided that our objectives would
be met by satisfying the need for the
following:
General accounting
—Fuel expense charged to proper
account
—Fuel taxes charged to proper account
Cost accounting
— Gallons used per unit for miles per
gallon statistics
NON -ADD
KEY NO.
REPETITIVE

Open
1 2345

This information is inserted only once
for each vendor's statement or company
fuel report. The tracer numbers are asADD
KEY NO.
VARIABLE

Unit
1 2345
XXXXX

After having listed each fuel ticket
covered by an invoice with unit number
50

Blank
67

State
89
XX

Tracer
10 11 12
X X X
#

The paper tape recorder can be programmed to punch the paper tape as a
by- product of the adding machine performing its normal function and thus
provide media in machine language for
data processing. Information punched
into the tape may be converted into
cards for the EDP system, or it may be
fed directly into a computer. Data from
punched paper tapes can also be transmitted by wire or microwave to distant
offices. Paper tape is easier and cheaper
to mail than cards or documents when it
is necessary to send either to another
location.

Reporting purposes
—ICC annual report and fuel taxes
(both Federal and by state)
In order to accomplish our objectives,
it would be necessary to produce the
following reports from our new system:
1. Gallons by unit.
2. Invalid fuel unit numbers.
3. Gallons by expense code.
4. Fuel by state and expense account.
5. Fuel cost by account.
6. Cost report by state and account.
7. Fuel by unit by type of equipment.
First we had to code all the fuel accounts with a 2 -digit number which
identified with the ICC account. Next,
we assigned a number to all of the
states in which we purchase fuel.
We designed and punched master unit
cards with the following information for
a master control file:
1. Unit number
2. Expense code
3. Vehicle type code
4. Type fuel code
In each accounting period, it is necessary to perform file maintenance on the
master file with additions, changes or
deletions of equipment. This in itself can
become quite a problem if your company does not have a good up -to -date
reporting system for equipment.
Next we programmed the add -punch
machine for the input of the detail information from the fuel source documents as follows:
#

punched paper tape. We purchased an
NCR MODEL 461 Adding machine
with a punched paper tape recorder.
This is a 12- position full -bank machine
that operates under the control of a
wired program board. It has a capacity
for four programs and has an odd code
parity check built into the system.

signed consecutively by the fuel clerk.
The variable information is then inserted as follows:
Blank
67

Gallons
8 9 1011 12
XX X X X

and gallons, a total of the gallons listed
is printed out on the regular adding maMANAGEMENTACCOUNTING

chine tape and this total is compared
with the total gallons shown on the invoice. If an error is discovered, the operator can minus out and key in the
correct information to balance. The
program is designed to handle error
corrections.
A very important factor to the success of this procedure has been the fact
that one trained operator controls the
input to the system. This has reduced
the error factor considerably and has
enabled us to control the remaining
errors.

When a paper tape roll has been completely punched, it is removed from the
tape recorder with a grand total being
taken on the adding machine, and cards
are punched for each tracer total for
balancing purposes.
Paper tapes are now converted to
packed cards (Exhibit I) and zero balanced against above cards in the computer. Any errors are checked out by
comparing listings to detail add tapes.
After balancing daily run, cards are
filed for monthly reports.
Monthly Fuel Reports
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All the cards for the month are run
through the computer which produces
the following preliminary reports using
random accumulation:
1. Gallons per unit.
2. Invalid unit numbers.
3. Gallons by expense code.
4. Gallons by states.
Reports are balanced to control totals
accumulated from daily runs. Summary
cards are punched for each unit with
codes and total gallons used. These cards
are used later to produce the gallons by
unit report.
The invalid unit report is checked and
correct unit numbers assigned. Cards are
punched and placed with summary cards
above. Any late reports or adjustment
cards are also added at this point. All
cards are balanced and controls established for remaining reports.
After determining average fuel costs
per gallon by fuel types for the month,
rate cards are punched to load rates into
the program.
Rate load cards and expense account
summary cards are run on the computer
to produce the fuel cost report by expense accounts.
Cards are key punched from the state
fuel report and placed with the corrected
invalid cards and any add -ins (late reports) .
Cards are sorted by state and expense
code. Rate load cards are placed in
51

front of file and run to produce a cost
report by state and account.
The key - punched state cards are
sorted out and filed. The remaining
cards (invalids and add -ins) are reproduced into a unit fuel card. These cards
are placed with unit summary cards and
collated with master file and gang
punched with fuel codes:
1—Gas
2— Diesel
Master cards are sorted out and returned to the master file. Header cards
are placed with unit summaries and the
fuel by unit by typ e of e quipme nt report is produced on the computer.
Conclusion
We have found this system to be a
big improvement over our old system.
It saves much time and is more accurate.
The new system has eliminated all of
the manual sorting of fuel tickets and
the summarizing by unit numbers. Units
are now listed in random sequence on
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add -tape by which the operator proves
statement out. It has eliminated two of
the three tapes that we used to run. Key
punching has been reduced from 15,000
cards to less than 500. Best of all, we
have been able to accomplish all of our
objectives with the reports generated by
the new system.
Our maintenance department tells us
that one of the most important figures
that accounting can furnish them is
miles per gallon for individual units. We
take delivery on new equipment in
groups of from one to ten or more units
per month; therefore, it would not be
practical for us to group equipment in
blocks for fuel accounting purposes.
Another feature of this system is that
it can be done by a service bureau, if
you do not have data processing equipment.
We feel that we have only scratched
the surface by doing our fuel accounting with paper tape. There are many
other areas to be explored for paper
tape possibilities.

MANAGEMENTACCOUNTING

An Effective Inventory Control Procedure
B y P HI L I P S. M ANT HEY

EXPE RIE NCE with the
procedure described in this article
has proven over a five -year period that
special or periodic inventory of products is necessary, or even useful. The
procedure controls warehouse inventory
of finished goods consisting of several
million units of several different product
lines. The required inventory adjustments have been low —well within acceptable limits. The experience and relationship with the public auditors has
been excellent. The control procedure
is used with only minor modifications
when public warehouse facilities are
used.
Inventory control directs its emphasis
to control and coordination. It uses the
organizational principle of homogeneous
assignment as its base. Responsibility is
established to control the like and related inventory control, warehousing
and shipping activities which are grouped
together.
There are two essential requirements
for inventory control:
1. Physical control of product:
— Physical facilities for proper storage.
— Security for warehouse areas and
PERATING

no

O

product.
— Effective requisitioning and shipping procedures.
2. Maintenance of warehouse and prod uct record:
—Must be posted accurately.
—Must be kept on a current basis
continuously.
Procedure Objectives
The objectives established for the inventory control procedure are:
1. Eliminate special or periodic physical
inventories of product.
2. Conduct physical inventory for each
product through shipping activity
with frequency equal to annual inventory turnover rate.
3. Accurate, current records and reports.
4. Full use of turnaround documents
for reporting and record - keeping activities.
5. Permanent, flexible locator system.
6. Warehouse space organization and
allocation for high utilization of
prime areas.
7. Control and discipline applied to
work routines of warehousemen and
truckers to the minimum degree necessary.
The operating conditions and plant
facilities do not make control easy.

PHILIP S. MANTHEY, Akron Chapter 1961, is on the
fa cu lty of th e Un iv e rsity o f Ak ro n as Ma n a g e men t S c ie n c e
Se n io r Asso c ia te in th e Co mp u te r Ce n te r, Ak ro n , Oh io . He
ho ld s a B.A. d e gree fro m Ke n t Sta te Un iv e rsity , Ke n t, Oh io ,
a n d a n M. B. A. de g re e fro m the University of° Ak ro n . Mr.
Manthey is a previous contributor to MANAGEMENT ACCOUNTING.
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PRODUCT INVENTORY CONTROL CARD
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EXHIBIT t

The factory building is two stories, and
50 years old. The material facilities are
very limited. The main warehouse area
is located on the second floor, but some
warehouse areas are located on the main
floor near finishing areas.
Turnaround Document
The single information source, turnaround document, is a color coded
P r o d u c t I n v e n t o r y C a r d (E xh i bi t I ). It

is used to:
Card Serial $#
82446

Sales Class
142

The procedure for reporting additions

1. Report additions to inventory.
2. Record stora ge location.
3. Requ isition produ ct for shipment.
4. Report inventory
shipments.

withdra wa ls and

The Product Inventory Control cards
can be used to print detail reports of
each pallet and carton in inventory for
a product line or sales class of products.
The card print out provides this information:
Sample $#
45588

Quantity
330

to inventory is described below:

R E P O R TI N G A D D I TI O N S TO I N V E N TO R Y

I. Accou nting issu es produ ct inventory con trol ca rds to inventory Control. Ca rds
are prenu mbered with nu mber pu nched.
2. Inventory Control issues ca rds to ma nu fa cturing departments as requested.
3. A product inventory control card is prepared for ea ch ca rton or pallet of
produ ct pa ck ed by the ma nu fa ctu ring depa rtments. T he ca rd number is ma rk ed
on the ca rton or pa llet a long with other identifica tion ma rk s or la bel. T he ca rd
nu mber becomes the pa ck a ge nu m ber. T he ma rk i ngs a nd la bels pu t on produ ct
pa ck age are the same a s the color code of the ca rd.
4. T he produ ct inventory control c a rd tra vel s with the produ ct t o the wa rehou se.
Informa tion entries on produ ct package and card are checked to ea ch other
by Inventory Control. Stora ge loca tion is mark ed on card by wa rehou se tru cker.
Cu t off for ca rd pick -u p is 6 A.M. daily. All ca rds a re delivered to Accounting.
5. Product inventory control cards are keypunched and processed by Accounting.
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Forming, Finishing & Pa ck ing report issued before 10 A.M. Shipping & Inventory report issu ed before noon . ( Exhibit 2)
6. Produ ct inventor y control ca rds a re retu rned b y Accou nting to Inventory Control by noon. Cards placed in locator /product files. Produ ct and records a re both
rea dy for requ isitioning and shipment.

ventory partitioning. Control based on
sales and shipments directs management emphasis in correct proportions
to the high volume A group products,
moderate volume B group products, and
low volume C group products.
The opportunities for control of A

Packed product received into the
wa r e h o u se , b o t h a s a d a i l y q u a n t i t y a n d
a s a cu m u l a ti v e tota l to -date for the
sc h ed u le d p r o d u c t i o n ru n, is listed in
the fo r m in g , finishing a n d pa c k i ng re-

port. The daily packed quantity received
into the warehouse, obtained from the
product inventory control cards, in-

g r o u p p r o d u c t s a r e fr e q u e n t , p e r h a p s

creases the inventory totals of the
shipping and inventory report, which
lists available inventory for each product in the inventory (Balance on Hand)
column. See Exhibit 2. The Inventory
Control receives both reports.

daily. The ABC partitioning is by individual product lines.
Operating experience has developed
these ABC groupings:
A. The x% /75 %. A sma ll percenta ge of
produ cts, normally about 15 -20% ,
a ccou n ts fo r a bo u t 7 5 % of the sa les
volu me. T he inventory turnover rate
is high. T ota l cost is necessa rily high
to produ ce a nd support 7 5% of sa les.
Tu rnover 5 -8 times yearly.
B. T he x %/ 7 5 -9 0 %. This grou p includes those a dditional produ cts, norma lly a bou t 15 -20% , which a ccou nt
for sa les volu me from 15% to 20%
of tota l sa les. Costs a r e m ode ra te to
produce and support this percentage
of sales. Turnover 3 -6 times yearly.
C. T he x %/90 -100 % . This grou p includes 50 -70% of the individual
products, but a ccounts for only abou t
10% of the sales volume. Total costs
are low t o pr odu ce a nd support this
percentage of sa les. Tu rnover is 1 -3
times yearly.

Physical Inventory Through
Shipping Activity
A primary objective is to secure controlled physical inventories for each individual product. The inventory frequency is equal to the inventory turnover rate through shipment activity. The
significant advantage is that continuous
physical inventory control is achieved
without the costs and confusion associated with taking special or periodic
physical inventories.
The concept and method of controlling physical inventories through
shipment activity is based on the common and useful technique of ABC inSHIPPI NG
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Color Coding for Control
The product inventory control tabulating cards are color coded to assist in
1st quarter

Blue

2nd quarter

Green

3rd quarter

Black

4th quarter

Red

physical control and rotation of product inventory. The yearly color codes
used are:

Blue stripe card, pallet and carton markings and label
printing ink.
Green stripe card, pallet and carton markings and label
printing ink.
White card. Black pallet and carton markings and black
label printing ink.
Red stripe card, pallet and carton markings and label
printing ink.

Requisitioning sequence for shipment
is based on color codes of the product
inventory control cards in the locator/
product file of Inventory Control. The
priority sequence for requisitioning for
shipment is:

1st priority

Third past quarter

2nd priority

Second past quarter

3rd priority

Immediate past quarter

Optional

Current quarter production

PRIORITY SEQUENCE FOR REQUISITIONING
First priority. This oldest product is
requisitioned by Inventory Control for
shipment before that of any other quarter. Inventory under this color code is
judged to be in a distressed condition.
This conditi on may occur for a few C
group items as a regular course where
turnover is low and the economic production run equals nearly a year's
volume.
Positive action must be taken during
this quarter since this color code will
re -cycle to become the current color
code for the new quarter. These actions
are taken:
The warehouse truckers are instructed
to pull all cartons and pallets of product marked with this color code
whenever found, whether requisitioned for shipment or not. Product
which has been located and pulled,
but is not scheduled for shipment, is
inventoried and moved to a `graveyard" storage location to provide
continuous withdrawal of inactive
product from active storage areas.
Inventory Control checks locator/
product file and schedules all product
to be pulled so it may be inventoried
and moved to "graveyard" location.
This is done even though the products are not ordered for shipment.
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A complete print -out of all product
inventory control cards for product
stored in the graveyard is prepared
each month and issued to the sales
offices; this facilitates securing disposition through sale or scrapping. The
detail of these print -outs is shown in
Exhibit 1. These cards are pulled
from regular locations in locator/
product file and filed as a group.
Second priority. This product is requisitioned by Inventory Control section
for shipment before that of the immediate past and current quarters. This
condition occurs for some B group
items, and is more frequent for C group
items.
Warehouse truckers are instructed to
pull any of this product located when
pulling for shipment if any of the requisitioned product comes from a more recent quarter. This assists in continuous
detection and correction of error or
oversight.
Third priority. This product is requisitioned by Inventory Control for shipment before that of the current quarter.
Product of the immediate past quarter is requisitioned similarly as current
production for the first month of the
new quarter by designating only storage
MANAGEMENTACCOUNTING

location. This allows maximum shipping
of this product with minimum control
during this transition period between
quarters. Specific requisitioning control
for pallets and cartons takes effect at the
end of the first month of a new quarter.
Warehouse truckers are instructed to
pull any of this past quarter product located when pulling for shipment if any
of the requisitioned product comes from
the current quarter. This assists in continuous detection and correction of error
and oversight.
Op tio n a l prio rity . This product is
requisitioned by Inventory Control for
shipment when there are no product inventory control cards of a previous
quarter color code in the locator /product file. All inventory available is of the
current quarter.
Minimum requisition control is imposed. Specific cartons and pallets are
not scheduled for shipment. Inventory
Control lists only storage locations for

current inventory, and the warehouse
truckers are free to pull the product in
the most convenient manner.
Requisitioning for Shipment
Inventory Control requisitions product for shipment using copies 2 and 3 of
the sales order set typed by the sales
offices. The first sheet of the set includes
a shipping address stencil which is prepared as a by- product during typing of
the set. The stencil is used to address
cartons, pallets and Bill of Lading
copies.
The sales order set is general purpose
systems paper which allows a variable
number of additional copies to he made
of each sheet as required. Original set
copies are used until final shipment of
all products is being made. There is no
duplicate typing or clerical effort.
The procedure for controlling physical inventory and rotation of products
through requisitioning for shipment is
described below:

REQUISITIONING CONTROL PROCEDURE
1. Inventory Control uses copies 2 and 3 of the sales order set for requisitioning
product for shipment. If only one sales class of product is ordered only copy 3
is used. A sequential shipment number is assigned and entered on these requisition copies.
2. The shipping & inventory report and filed product inventory control cards are
used to determine available inventory.
3. Product inventory control cards for each product are pulled in color code
priority of quarters. Cards for current quarter production are not pulled at
this time.
4. Requisitioning products:
a. Inventory o f previous quarters. Enter number of cartons or pallets and the
actual package quantities on the requisition copies. List product inventory
control card numbers under each item requisitioned on the requisition
copies in the same color code as the cards. Issue requisition copies and
cards to warehouse truckers.
b. Inv en to ry o f cu rren t qu arte r. Enter number of cartons or pallets and the
actual_ package quantities on the requisition copies. List storage location
under each item on the requisition copies in the color code of the quarter.
Issue requisition.
5. The requisition copies and cards are issued in plastic folders. Warehouse truckers mark the assigned shipping number on each pallet and unit of cartons sent
for shipment to allow prompt loading or staging.
6. The trucker marks on the requisition the pallet or carton number of current
quarter inventory. Product inventory control cards are not issued for current
production.
7. Trucker returns requisition and cards issued to Inventory Control when all
product has been pulled as scheduled.
MAY 1967
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8. Inventory Control pulls necessary product inventory control cards for inventory
pulled of the current quarter. Cards pulled by number as marked by trucker.
Requisition and cards are checked.
9. Requisition and cards are forwarded to the shipping office. This transfers all
the records with the product to be shipped. It is important to assure that withdrawal of product from inventory is matched with an equal withdrawal of
inventory records.
10. Shipping office stamps cards "Shipped" and dated when the product is shipped.
See card of Exhibit 1. This converts the card from a product inventory record
to a withdrawal and shipping record.
11. The cards with the Invoice copies of the sales order set are forwarded to
Accounting.
12. Cards are processed along with the invoice copies by Accounting. Withdrawal
from inventory and shipment is reported on the shipping & inventory report.
Completed shipments are identified with a code 1. Product inventory control
cards are stored temporarily.

cil.

The turnaround, multipurpose function of the product inventory control
card has thus been completed. It has
served as the single source document
from the time the product was packed,
providing for all reporting and record keeping purposes through shipment and
invoicing.
Copies 2 and 3 of the sales order set
are used as requisition sheets to schedule
product to be pulled for shipment. Only
variable information needs to be manually entered, which eliminates duplicating clerical efforts. The typed information of the sales order includes:
1. Customer and shipping address sten2.
3.
4.
5.
6.

Carrier if designated by customer.
Quantity and unit.
Sales class; this signifies product line.
Product description.
Sample number of product; this is
similar to part number.
7. Standard package quantity and shipping weight of each product.
Each product line item of the sales
order sets is listed in the shipping and
inventory report under the product's
sales class and sample number. The listing in the shipping and inventory report
indicates the shipment due date.
Inventory Control imposes control
during requisitioning by scheduling specific cartons or pallets only if there are
product inventory control cards for a
past quarter. Specific control of cartons
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and pallets is maintained until all cards
on file for a product are of the current
quarter. This requisitioning control enforces the taking of physical inventories
and product rotation through effective
utilization of shipping activity.
When all product inventory control
cards for a product are of the current
quarter, the warehousemen and truckers are given only storage location. This
allows them to pull the most easily accessible cartons and pallets for shipment.
The costs of specific control are eliminated for current quarter produced
products when it is not necessary to
maintain specific control and rotation
of cartons and pallets. The objectives of
the inventory control procedure are thus
being met.
A continuous effort is made to ship
partial cartons and pallets which come
to the warehouse at the end of production runs. Partial quantities are shipped
as allowable overshipments, a combined
quantity, or repacked for export. The
product cards are very useful here, since
the necessary information of partial
package quantities is not easily determined from an inventory total such as
reported on the shipping and inventory
report.
Special Controls
There are always some procedural
and operating problems which require
special attention and controls. The special controls include:
MANAGEMENTACCOUNTING

Product card in file— Product can't be
located. Compare inventory balance reported by shipping and inventory report
to total of product cards. Reconcile
totals. Place card in "follow up" file for
one year.
Product in warehouse — Product card
can't be located. Check "follow up" file
for card. Compare inventory balance reported by shipping and inventory report
to total of product cards. Reconcile
totals. Issue product inventory control
card if necessary to reconcile totals and
ship product; issue "gain" card and place
in "follow up" file for one year.
Control and product rotation —Place at
strategic locations in the warehouse several bulletin boards which hold color
panels placed in the color coding priority sequence for the current quarter.
Ne w Production— Assign different storage locations than those containing inventory of previous production runs.
Experience shows that physical control
and rotation of product is made easier;
this also prevents handling and movement of newer product while requisitioning older inventory.
These practices and special controls
have proven useful for routinely controlling and correcting operating errors
which can build into problems and service failures, if not handled on a continuous basis as they arise.

Inventory Locator System
A flexible, permanent system for positive location identification was established through design and installation of
a grid system for all plant and yard
areas. See Exhibit 3. The advantages of
a grid locator system are:
1. Permanent and flexible system which
is not affected by changed use assignment for areas, bays and aisles.
2. Allows full utilization of areas including aisles, courts, and yard areas
and provides positive storage location
identification. This facilitates the
prompt, continuous forwarding and
processing of the product inventory
control cards. The specific storage
location is entered even though it
may be temporary.
MAY1967

3. Specific location reporting is easier
and more accurate, for security and
fire protection reporting.
4. Provides a positive location system
when requesting maintenance work.
A grid system is permanent and flexible once established. Re- numbering of
storage bays and rows is not necessary
as space availability expands or diminishes. Re- numbering may be necessary
under common sequence numbering systems as space allocations change; this
also requires correcting the warehouse
and product records.
Significant locations are designated in
the following manner:
1. Specific bay row for palletized product.
a. Building /Floor /Bay /Row (1 -6)
b.
17/
2 /8 -23/3
The location mark 17/2/8 -23/3 translates to the specific bay row location in
building 17 on the second floor in grid
bay 8 -23 and within row 3.
2. Specific rack location for cartons of
product.
a. Building /Floor /Bay /Row /Rack
b.
23/
1 /17- 46/2/239
The location mark 23 / l / 1 7 -46 / 2 / 2 3 9
translates to the specific rack location in
building 23 on the first floor in grid bay
17 -46 within row 2 and on skid rack
239.
The grid bay is the base figure. As
much location information concerning
building and floor level as desired can
be added as prefix numbers. As much
location information concerning bay
row, rack, and rack level as desired can
be added as suffix numbers. In this manner, locations can be pinpointed to the
degree desired and still permit the flexibility and diversity of the grid system to
be maintained. The requirement of not
having to make changes in the location
entries of the records is a good one.
Warehouse Organization
Warehouse space is organized into
areas allocated to the ABC inventory
groupings of each product line. Alloca59

Grid Locator System
A grid locator system is established by grid blocking all plant and
yard areas. It is easier if all the grid blocks can be the same size,
but this is not required. A grid block should be identifyable if they
are to be used for storage.
Numbering is done by numbering all grid blocks in a row the same and
numbering all blocks in a column the same.

1 - Ir

11{

139

1 -18

1 -20 I1 - I Q

3 -17

3"18

3-19

3 - 10

Bw 6

8

fi

5 18 1 5 1

7

6"40

8 -Y9

417

716

7 -19 7- 20

8- 14

- —
8 -18 18 -19

Y8.r4
8 -20

9 - }e 19. 19

9 -20

9�-� 8 9 -17
d

1 -23 1.1 26

442.

4 -23

4-24

6 -20

6- 21

1 -28

4128

1+ 2

3."-.

4127 14 -5. 27

t

8- -- 5 - 2 9 -

6-$3

6-$4

6-15

6+46--- 5-27

5 -28G-n

7 -21 17 -22 7 -23

7-24

7 -25

7-21& 7. 97

4 -18

7*49 :

B22

6 -24

B -25

8 -28

6 -27

13-128-

R9- :

9+,$5

9� $6

9 -29

9::28- 9.� 4

-� 1
9 -21

6 -E2

4, 2Z

5-,25 � 6- 26
-

3 5 2 4

i

1 -25 1 -27

- - - - -3127
—� j' 31
�-- M
3 -92 13 -E2 3- 2..3-- 3 ---" - 3. -$5 T31E6,

41 4 6. - 4 , 17 . 4 1 8 14 4 9 14..10 1 4 - n
7

1 4 4 11122

8-.� 3

9- 22 - 9 -23

Area

9

-2s1

W A

20±26 10 +17 I0-I6 I0 = 19 10- 20 10»21 10+ 22 20. 23
i T 20t 25 10? 26 1 047 1 0. 28 10+26
_
s
1146 11+17 11+ 18111 -19 11-20 11+21 11- 22 11- 23 11 a 11 . 25 11.26 11 »27 11 »28 D 29
AT�♦�

241 r

Y8 -I 6' 12 +I7 I 2 - I 8 ',12 +I9 I 2 t 2 0 22-22 , 22- 22 I2 -23 I 2 -PA It -25 12 -26 12,27112- 28 I2+".
13+16 13»14 13,18 13 -19 13-20 13 . 2 11!23.22 13 -23 18+24 13 -25 13 +26 13+27 13 +28 13 +29
- --

i
I4 =18 14 +19 14-20 '14-21 114- 23 14- 23 14- 24 I4- 225 14- 26 14- 27 14- 28 14-,39
l3d! iY6 Z5f37
— 25p *18 15 *19 35+20 15+21125 +28135 29 75+24 15:26 15 +26 15 +27 15+28 15+2991
24+1614 -1

�

Yard

r�a�

EXHIBIT 3

60

MANAGEMENTACCOUNTING

tion is made to achieve high utilization
of warehouse space and material handling facilities at low cost. Space allocations are made in this sequence.
1. The areas for the A groups for each
product line are allocated first, These
areas are located to take best advantage of space, aisles, short trucking
distances, and material handling facilities.
2. The areas for the B groups of the
product lines are allocated next. The
same utilization factors are used.
3. The last allocation is to the C groups.
This allocation considers the utilization factors and makes best use of
remaining space.
These are area allocations. Product
storage locations are not designated.

Space Planning and Storage Location
Important supervisory functions are
space planning and assignment of storage locations. Operating experience has
shown that new production coming into
the warehouse should not be assigned a
storage location which contains inventory from previous production of the
product.
Assigned storage locations for c6rrent product are posted on bulletin
boards at the freight elevators along
with a grid floor plan for easy trucker
reference.
The steps for space planning and
assignment of storage location by Inventory Control are described below.
Products sold to a major customer are
habitually grouped in adjacent grid bay
locations within a group area.

SPACE PLANNING - ASSIGNMENT STORAGE LOCATION

Step 1. Inventory Control determines current inventory group for each product
going into production. This is done by checking the schedule review point
listed by the shipping and inventory report. There is a cut -off quantity
for the ABC groups for each product line so that the current inventory
group is easily determined.
Step 2. The total space requirements can be determined by referring to the daily
forming, finishing and packing report for the quantity of the scheduled
production run and the quantity of the daily schedule.
Step 3. A visual inspection of the inventory group area for the product line is
made to determine the exact storage location assigned. This location will
not contain inventory of the product.
Step 4. The assigned storage location is posted on the bulletin boards at the
material handling facilities for trucker reference.
Summary
Physical control and inventory counts
of finished product inventory can be
achieved through controlled requisitioning and shipping activity. The physical
inventorying of product on a continuous
basis is part of the operating procedure,
and the frequency equals the inventory
turnover rate for each product. Color
coded inventory records and markings
on product containers assist in controlling product rotation and physical control of inventory. The practice of conducting special or periodic physical
inventory counts with its attendant delays and costs is eliminated.
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The control procedure uses the color
coded product inventory control card
as the turnaround, multipurpose document, and as the single source record
for reporting and record - keeping requirements. Procedural controls specifying
requisitioning and withdrawal for specific pallets and cartons are designed to
be imposed only when needed. The inventory control objectives are achieved
with minimum possible interference with
work methods and routines of warehousemen and truckers.
A grid square locator system of all
building and yard areas creates a permanent, flexible system. Finer location de61

tail is easily indicated by use of prefix
and suffix numbers to the base grid
square number. The grid square system
is not altered or affected when area or
space use or assignment changes. The
grid locator system can be used when requesting maintenance work, for security
and fire protection, as well as product
location purposes.
The ABC technique for inventory
partitioning is effectively used for allocating warehouse storage areas to make

best utilization of available space and
material handling equipment with minimum handling and movement distance.
Space planning and assignment of storage locations to products are important
phases of inventory control.
Operating experience over a five -year
period proves that the requisitioning and
checking activities done when a product
is shipped can be expanded beyond this
single purpose to provide a means for
effective inventory control.

Recent Publications
VALUATION: CONCEPTS AND PRACTICES
Erich Helf ert
Wadsworth Publishing Co., Belmont,
Calif., 1966, paperbound, 119 pp.,
$2.35.
An overview of various concepts and

their uses in valuation of recorded assets
and liabilities, cash flows, enterprises
and securities, the book also discusses
the shortcomings and merits of valuation practices.

PRICING FOR HIGHER PROFIT
Spencer A. Tucker
McGraw -Hill Book Co., 330 West 42nd
St., New York, N. Y. 10036, 1966, 294
pp. $12.50.
Subtitled: "Criteria, Methods, Applications," this book exposes the pitfalls of

traditional cost and pricing methods,
and then presents and illustrates pricing
methods from the profit - planning point
of view. The methods, procedures and
applications are given in how- to -do -it
form.

STANDARDS IN STRATEGIC PLANNING AND CONTROL . . .
A CONCEPTUAL STUDY
Thomas N. Humble
Bureau of Business Research, The University of Texas, Austin, Tex., 1966,
paperbound, 176 pp., $2.50.
The book examines and defines the basic
62

concepts, presents a conceptual model,
investigates and tests the model in an
industrial setting. The model formalizes
the elements underlying the formulation
and implementation of standards.
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BUSINESS FORECASTING METHODS
Harry Deane Wolfe
Holt, Reinhart & Winston, Inc., 383
Madison Ave, New York, N.Y. 10017,
1966, 225 pp., $7.95.
Both the gross method (totals) and the
build -up of components method are

covered. Special attention is given to
long -range and cyclical, market potential, and company sales forecasting. The
importance of bench -mark data is
stressed. No background in advanced
statistical methods is required.

PRACTICAL TECHNIQUES OF SALES FORECASTING
Robert S. Reichard
McGraw -Hill Book Co., Inc., 330 W.
42nd St., New York, N. Y., 10036,
1966, 272 pp., $8.50.
Basically aimed at the management peo-

pie who make use of forecasting, the
book provides an overview of manage ment practices and policies, including
most of the currently used statistical and
mathematical techniques.

RELATIONSHIPS AMONG CPAs, BANKS AND SERVICE BUREAUS
American Institute of Certified Public
Accountants, 666 Fifth Ave., New
York, N. Y . 10019, 1966, paperbound,
15 pp., $1.00.
Issued as the fourth in the series Com-

puter Research Studies prepared by the
System Development Corporation, this
booklet presents the information on
"packaged" services and the observations dealing with the relationships between the various agencies involved and
CPAs.

C.P.A. LAW REVIEW
Joseph L. Frascona
Richard D. Irwin, Inc., 1818 Ridge Rd.,
Homewood, Ill., third edition, 1966,
1282 pp., $16.00.

To assist the CPA candidate in taking
the commercial law part of the exami-

nation, the pertinent legal material is
brought together (the Uniform Commercial Code and selected statutes) and
the questions asked in the past seven
years are reproduced and grouped by
field of law along with the author's
model answers.

CREDIT MANUAL OF C' DMMERCIAL LAWS, 1967
National Association of Credit Management, 44 E. 23 rd S t., New Y ork, N.Y.
10010, 1966, 748 pp., $15.00.
This publication provides a concise
roundup of Federal and State legislative
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enactments that impinge directly or indirectly upon the decisions made by financial executives. New features in this
edition include the laws and amendments
enacted in 1966 as well as useful background information.
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INCREASING THE PRODUCTIVITY OF
COLLEGIATE SCHOOLS OF BUSINESS
The American Association of Collegiate
Schools of Business, 101 N. Skinker
Blvd., St. Louis, Mo. 63130, 1966,
paperhound, 111 pp., $1.75.

This volume contains the proceedings
of the AACSB 1966 Annual Meeting.
Included are nine papers on various
aspects of the main theme.

DIGITAL COMPUTATION AND NUMERICAL METHODS
R. W. Southworth and S. L. De Leeuw
McGraw -Hill Book Co., Inc., 330 West
42nd St., New York, N. Y. 10036, 1965,
508 pp., $11.75.
Focused on numerical methods as applied to engineering problems the book

also helps the reader to develop sufficient facility ira programming to allow
him to solve problems on a digital computer. Two main sections are programming ( FORTRAN IV) and numerical
methods. An ample supply of problems
is included.

SOLVING BUSINESS PROBLEMS WITH CALCULATORS
Richard R. McCready
Wadsworth Publishing Co., Belmont,
Calif., 1966, second edition, spiral hound, 318 pp., $6.00 ($4.50 text price).
This textbook presents specific operating
instructions for each major type calcu-

lator: Friden, Marchant and Monroe.
Special sections deal with printing calculators, full keyboard adding machines,
key- driven calculators, ten -key adding
machines and business forms. The final
sections cover typical business problem
applications.

Readers React
► Joint Products?

Notes on Joint - Product Costing," by

To the Editor:

Kenn eth I. S olomon t hat appe ared in

I have read with considerable in-

the November 19 66 issue. I have

terest the ar ticle, "Some Explanatory

conclu de d th at P rofe ss or S ol omon i s
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not truly discussing the problem of
"joint- product costing." The following inconsistencies substantiate my
conclusion:
Material usage and the input- output
ratio. A joint cost situation exists
where the processing of a single or
basic raw material results in a variety
of products which cannot be produced
independently of one another. Furthermore, generally in the short run, the
relative proportions of the products
obtainable are fixed.
The author states that "3 units of
Material X will produce 6 units of
Product A, 4'/2 units of Product B,
or 9 units of Product C." This apparently is not the same as 9 units of
Material X will produce 6 units of
Product A, 4 1/ 2 units of Product B
and 9 units of Product C" as would
be true for the usual joint - product
process.
It is clear that these two statements
are not the same, since the "total production during 1965 was 80,000 units
of A, 70,000 units of B, and 50,000
units of C." One must, therefore, conclude that the output of the various
products is controllable as the suggested input- output ratio indicates a
4: 3: 6 ratio of the respective end products.
One of the primary concerns of the
author is that "materials should not
be given more weight than is equitable." A simple calculation using
the author's figures shows that a finished unit of Product B bears a material cost of $1.414 and a single
finished unit of Product C bears a

material cost of $.968. How, then, is
this "equitable" when the statement
of the problem indicated that Product
B required twice as much material X
as Product C?
Labor Costs. As further evidence
that these are not really joint products
is the statement that "Product A takes
60 minutes to pass through the full
production process, Product B, 70
minutes, and Product C, 70 minutes."
It appears, therefore, that each of the
products enjoys some degree of autonomy if the labor time is separately
determinable.
It would seem appropriate to make
one further comment of clarification
that appears to have been overlooked.
It is a generally well -known fact that
the use of joint cost allocations for
product pricing or line -of- product income determination is impractical if
not downright misleading. There is
little utility to an allocation of joint
costs as an aid to solving product pricing problems. Joint costs represent
a price "paid for a package of products
— manufactured or purchased" and a
profit or a loss takes place only when
the total revenue from each of the
individual products sold is compared
with the total cost of the "package."
The pricing policy cannot be accomplished or evaluated merely by balancing independently the sales price
of one product against that product's
allocated costs.
Dr. Kemper W. Merriam
Professor of Accounting
University of Arizona
Tucson, Ariz.
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