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AN INVESTIGATION INTO THE
DEVELOPMENT OF A PREDICTIVE
MODEL OF OPERATING VARTAFION

by
Ted M. Upton
1

ABSTRACT

The subject considered in this thesis is the develcrment of a
predictive model Qf‘Operating Variation. A general discussion of
Operating:Variatianand its elements is giVenfalong with suggections
for exercising COﬁtTQl';n the elements.

Several models of Operating Variation are deveiored each with
a varying degrée of information required for its arpiiceation. The
employment of a model consists of & two-phase procecure consisting
of (a) predict the end-cf-month values of the ind erendert variables
from their weekly observetions and (b) from these erd-of-month

estimates prediet the menthly Operating Variation. Ir addition s

the most significant elements of Operating Variaticz are determined-
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The subject considered in this thesis is the development of a
predictive model of Operating Variation. A general discussion of
Qperafihg VariatiQn and its eléments_iS-giVén;alOnggwith suggestions
for éxerbising;contr@i on the elements.

:Sevéral_mpdelé'Of”Operating,Variation.arerdevelgyedgeaéhwith
a varying degreeaqfainf0£matianmrequirea.f@r its application. The
employment of a model consists of a two-phase procedure consisting
of (a) predict the end-of-month values of the independent variables
from their weekly observations and (b) from these end-of-month

estimates predict the monthly Operating Variation. Tn addition 5

the most significant eleménts of Operating Variation are determined.

T A A T £ KR ATk e ame e e




CHAPTER I

INTRODUCTION

The Sﬁandafd¢COstqsystemmof3atccuntingﬁi& one in which advance
estimates are made of the materials, labor, and expenses which will
be required to perform operations of manufacture on a given product.
A standard can be based on historieal data anhd adjusted for anti-
cipated changes which will mske the standard a realistic objective
for the’periedvthe cost will be used. This standard cost is used
as a reference cast~withfwhich the actual cost figures may be
compared for purposes of analysis to discover variations from the
standard. ﬁThese~variati0ﬁs, or differences between the prede-
termined standard and actual costs, form the basis of study to
ascertain the causes of such differences so that in efficiency and
waste may be eliminated as far as possible.

Variation can occur in each of the three elements of the
standard cost, namely Labor, Materials, and Expense. The total-cf'
these variations is sometimes referred to as Opersating Variation.

For any firm using the Standard Cost system of accounting the

amount of Operating Variation is reported to management at the end

of each accounting period. Accounting periods may vary between
cdmpanies,'butgior“the company studlied in this thesis the accounting
period was one month. However, management does not receive the
operating variation results from the preceding month until during

the first or second week of the following month because of the

“time required to collect and analyze the data. Management is




aware of the factors used in the calculation of operating vari-
ation but it is unknown to accounting and management to what degree
these factors actually influence the final value of operating
~variation.

It is the objective of this thesis to identify the variables
which influence operating variation significantly and to develop

& model which can be used to predict the monthly operating

variation.
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Kinsley™”, Hicks'l, and Walker®l. Luedtke’

CHAPTER IT

BACKGROUND AND GENERAL

The field of mathemat ical economlcs > commonly referred to as

econometrics, has a rich history of attempts to analyze econtmic

e 4 < o A
systems or components of an economic system. Allen's text.,

Mathematical Fconomics, summarizes past attempts to analyze econo-

mic systems by use of classical mathemstics. Models developed

| o | R 9 . . 10 1L
by economists such aSD@marA, Harroﬁ95 chks;.,~Kaleckllhs

Phillips™, and Semuelson" represent attempts to deseribe dymamic

econonie behavior using & limited number of variables.,
The-growthﬂ&f*the~cémputer~encouragea,ﬁhe use of computer

similation for the analysis of large-scale dynamic systems. Simu-

lation models at the level of the firm include those'af“Boﬁini2;

Cyert and Marchgg ForreSter6;HOggatﬁlgg-NordIYQ'PackerlB,

16

 has.devélqped a

simulation model of & real-world company. specializing in the

manufacture of electroniec equipment., to analyze the effects of

The general procedure to be used in formulating a model of

1. Tdentify wvariables

2. Correlation Analysis

a. Serial

b. Cross




. oo
LT I RO T

3. Principal Components Analysis

L. Stepwise Regression Analysis
a. Analysis of Residuals
(1) Scatter plot of residuals against independent
variables which might seem reasonable to enter
the model. These other variables could be new
variables or transformations of the old variables.
(2) Autocorrelation of Residuals.
(3) Transformations and/or addition of new variables.

(4) Repeat Step L.

5. Test model on new data.

There are at least two approaches which csan be followed to

reach the objectives of this thesis. They are (1) predict the

monthly Operating Variation directly from the weekly observations

of the independent variables or (2) a two-phase procedure consisting

ables from their weekly observations and (b) from these end-of—

month estimates predict the monthly Operation Variation.

The latter approach is being followed becaiise all the his—

‘torical data that could be obtained for use in developing a model

was end-of-month data. TherefOrE, to apply the models one mist
first predict the end=of-month values of the varisbles required
by the model and then enter these quantitieés into the model and

calculate the predicted valuegofVend—ofamonth»Operating Variation.

If 8 model could be developed whiech used variables on which weekly




results were known or could be collected, then as each week of

the month passed more information would be known about the vari-

ables rasﬁltiﬁgiin.afbetﬁar forecasted end-of-month value which

in turn when substituted into the model would give a better

predicted value of the month's Operating Variation.




CHAPTER III

DESCRIPTION OF OPERATING VARTATION

General

Operating Variation is incurred when the actual cost of

manufacturing a product differs from the standard cost of the

product. faezsﬁanaard-ccst:0f=a;produet is developed uéingapast

history as a foundation, and adjusting for anticipated changes

which will make the standard a realistie objective for the period

the cost will be used. That is, hours to make the product are
updated to reflect improvements in manufacturing methods; yields
are changed based on current and anticipated performance; mate-
rial costs are modified for pre&ictedxprice.trendsg expenses are
adjusted to reflect changes in their levels, etc. A

Operating Variation is divided into three main elements :
Labor, Expense, and Material and Other. The objective of this .
chapter is to define and discuss each of these main elements.

Labor Variation Defined

Fundamentally, any élement of variation is merely the dif-
ference between the actual cost incurred and the corresponding
standard cost recovered: If the Labor element of the Standard
Cost gives a Labor Recovery of $100 for a given operation, and

the actual cost of Labor incurred for that operation is $95, a

variation of $5 has been incurred. In this instance the varia-~

tion is a profit since more was recovered than spent. If,
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FIGURE 1

ANATYSTS OF DIRECT LABOR

Beg. Inventory - Base Hours
End. Inventory - Base Hours
Change In Inventory
Base Hours In Output
Base Hrs. In Production (IL3+Lk4)
Non-Base Hrs. Rec. (Own)( % X L5)
Total Bulletin Hrs. Ree. (L5+L6)
Hours Worked on K-Order
% Efficiency Unadj. (L7 L8)
Total Hours Chg. - Cost Reduction
Total Hours Chg. - Other
Total Adj. Bull. Hrs. Rec. (LT+L10+111)
% Efficiency - Adj. (Ll2  1.8)
Credit Hrs. Rec. (L7+ & Bull. Ine.)
Credit Hrs. Farned (L8+OR - % Earned)
Avg. Bull. Rate in Std. Cost (L19+L1k)

Avg. Act. Base Rate Earned (L20+L15)

Variation in Rates (L16 - LIT)

Dir. Labor Recovered (Sep Detail)

Dir. Labor Earned (Labor Run)

Variation Due To:

Chgs. - Cost Red. (L10+Bull.Inc.) XL16

Chgs. - Other (L11+Bull.Inc.) X L16

Hrly. Rates Diff. From Bull (I15 X L18)

Daywork & Non-Base Effc'y - Other
(L26 - 22 — 23 - 24)

Total Variation (20 - L19)

3319
3637
318
T579
89T
3641
11538
9555
120.8
60
209
11269
117.9
13180

11839
2.262

2.387

-125
29803
28261

156
540
1480

2326

1542
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however, the actual cost had been $105, there is still a varia-
tion of $5, but in this case it would be a loss.

the Calculation of Direct Labor Variation

The basiec tool used by the cost accountant in this=analysis
or calculation of Direct Labor Variation is a form similar to the
form headed "Analysis of Direct Labor" in Figure 1. An under-
;sﬁanﬂing.of“this form is necessary to the understanding of Direct
Labor Variation. |

The follQWingfpaﬁagra@hs providgzan analysis of the various

entries which are made on this form:

Line 1 - Beginning Inventory - Base Hours - The previous month's

inventory converted to Base Hours. The information is obtained

from the shop supervisor or from a tabulation run. Once this
number has been established it can be carried over to the next
month by checking the previous menth's accounting records.

inventory converted to Base Hours. The information is obtained

from shop supervisor or from a tgbulation run.

A

Line 3 = Change in Inventory - Difference "+" or "-" between

beginning inventory and ending inventory, stated in Base Hours.

Line 4 - Base Hours in Output - Physical shop output for the

current month converted to Base Hours. Information comes from

a tabulation run of production.

e

o
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Line 5 - Base Hours in Produetion (L3 + LL) - Total goods the
particular shop produced and shipped during the month and goods
produced during the month that remained on the floor in the form

of inventory. This total is expressed in Base Hours of Production.

Line 6 - Non-Base Hours Recovered (Own) (% x L5) - The Non-Base %

which cost bulletin &allows to each labor center multiplied by
the "Base Hours in Production."

Line 7 - Total Bulletin Hours Recovered (L5 + L6) - The Base

Hours Recovered plus the Non-Base Hours Recovered which gives
the total Hours Recovered for the month.

Line 8 - Hours Worked on K Order - Information comes from a

"L&er[RepOr%ﬁéwhi@h.appliéSvﬂCwallsK:Orders. The tabulation

run is a summarization of the weekly "operatlng Labor Di strlbutl on"
which tells how many direct hours and dollars were charged to

each K Order for the.eurrent month .

Line 9 - % Efficiency Unadjusted (LT f L§);— The total Bulletin

Hours in Production divided by Hours worked on K Order. This is
unadjusted efficiency because the Standard Bulletin figures are
used rather than adjusted Current Bulletin figures.

Line 10 - TQtaimeurs Changed - Cost Reduction - These hours are

stated in Base Hours saved per 100 units produced. To find total
hours charged to Cost Reduction for the current month the number
of hours saved is multiplied by the number of units shipped

during the month. All Cost Reduction cases are analyzed and

kept by Accounting in a cost reduction case book.
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saved in meking a specific unit are shown in this cost reduction o
case book. The:output'of the particular unit is found in the
production report. The hourszsaved‘per 100 units made are then
multiplied by the monthly output of the unit 10 give the total
hours of Cost Reduction. The Non-Base factor is taken into ac—

count in the cost reduction case book. ﬁ

Line 11 - Total Hours Changed - Other - All other rate changes

which have resulted from some effort other than cost reduction.
Total changes in Rate for the current month come from a tabula-

tion run issued by Cost Bulletin. Total Rate Changes are issued

in Base Hours. The Total Base Hour changes in rates for the
month minus Cost Reduction Changes gives the "All Other" total.

;L;l)_ﬁ-mhe Adjusted Bulletin Hours Recovered here are based on
the current Bulletin Rates. All ¢hanges in Recoveries from the
Standard Bulletin Hours are taken ints aceount to arrive at | |

Adjusted Bulletin Hours Recovered. = |

|
Line 13 = % Efficiengy - Adjusted (ng.;fLB) - This represents

the current month adjusted to the Current Bulletin (adjusted for
the changes which have been made since the Standard Bulletin was

Line 1k - Credit Hours Recovered (LT + Bulletin Incentive) - In

order to get the Bulletin Incentive here g composite rate must

be found. This is because Daywork Hours are included in these
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total Bulletin Hours Recovered in Line 7; therefore, Daywork

Hours must be included in figuring the Bulletin Incentive rate
to be applied. The following method is used to determine the
composite Incentive Rate:

(1) Base Hours (Piecework) are multiplied by Incentive %3 i.e.
89,200 x 15.1% = 13,469 (Incentive Hours)

(2) Non-Base Hours (piecework) are multiplied by Incentive %;
i.e. 48,257 x 15.1% = 7,287 (Non-Base Daywork Hours are not
multiplied by the incentive since no incentive is given for
Daywork ).

(3) Total Hours (Base and Non-Base with Non-Base including Day-
work Hours) are calculated; i.e. 89,200 + 52,182 = 1Ll ;382.

(L) Total Ineentive Hours for Piecework are found; i.e.
13,469 + 7,287 = 20,756.

(5) Total Incentive Hours are divided by Total Base and Non-Base
Hours to give composite rate; i.,e. 20,756/141,382 = 1k4.68.

Line 15 - Credit Hours Earned (L8 + or - % Earned) - Piecework

dollars earned from the labor run are divided by Total Base
Dollars paid for the month. This procedure gives theé % Piece-
work earned. This percentage (100% + % Farned) is then multiplied
by line 8 to convert the % to Credit Base Hours Earned.

Before completing Lines 16, 1T, and 185 Lines 19 and 20 must be

calculated:

Iine 19 - Direct Labor Recovered (Separate Detail) - Information

for this line is obtained from a tabulation Tun. Base Hours in
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Output plus or minus change in inventory gives Base Hours in

production. These production hours multiplied by the Direct
Labor Costing Rate by K Order equals Direct Labor Recovered.

Line 20 - Direct Labor Earned - The Total Direct Labor Earned is

equal to total Direct Dollars Earned plus the Piecework Dollars

Line 16 - Average Bulletin Rates in Standard Cost (L19 < Llk) -

This is the average Recovery Rate of Direct Labor based on the
Standard Bulletin.

Line 17 - Average Actual Base Rate Earmed (L20 - L15) - Average

actual rate paid to the employees for the current month.

Line 18 - Variation in Rate (116 - 117) - Difference between

Bulletin Rate and actual rate paid to the employees for the

current month.

Line 22 - Changes - Cost Reduction - I10 (Total Credits for Cost

?Reduction changes includingDaywork hours)_fBulletin Incentive

x Line 16 - The Bulletin Rate here is actually the Composite

Incentive Rate. Line 10 plus the composite rate equals credit
hours for cost reduction changes. 'Thianumberitimestthe average
actual Bulletin Rate gives total variation due to cost reduction
changes made.

Line 23 - Changes - Othgr (L;},%'Bulleﬂin_IhcentiVe).x L16 - Rate

changes "other" plus the Composite Incentive Rate equals credit

hours for other reduction or ineresdses.




"Line.gﬁ_ngpgrff'Rates Differgnt erm“Bulletin (115 x L18) -

Difference between Average Hourly Rate recovered in Bulletin and
Actual Average hourly rate paid to the employees for the current
month.

Line 25 - Day Work and Non-Base Efficiency - Other (126 - 122 -

L23 - L24) - All variation other than Cost Reduction Variation

(i.e. Due to a change in methods or a group's inefficiency, actual
Non-Base charges for a month may be more than allowed for inm the

Line 26 - Total Variation (L20 - L19) — Total of what was paid

the group versus what the group recovered during the month.
Analysis of the calculations that were just made indicates
that Direct Labor Variation is concerned with fundamental dif-
ferences between current conditions and the conditions anticipated
in the bulletin = new layouts and new Methods of Manufacture
resulting in changes in base hours, differences in the ise of
Non-Base and Daywork, and perhaps the most fundamental of all,
the difference between the rates of pay of the direct employees.
The first two items, Manufacturing Changes and the use of Non-

Base and Daywork, are controllsable by the shop supervision. The

third category is covered by union contract and Upper management

policy.

Indirect Labor Var lation

For the elements of Indirect Labor, of which the organization

or department has control, the Indirect Labor incurred and
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recovered for the current month is obtained from a tabulation run.
The actual amount of Indirect Labor paid each month is divided
into the various categories to which payments were made for the

This tabulation run also lists the amount of Indirect Labor
recovered according to category based upon the Labor Increment
in the Standard Bulletin. Fach of the categories make up a
certain part of the Labor Increment; based on its specific per-—
centage of the Increment, a certain amount of the Indirect Labor
Recovered is allocated to each category (for example, if the
Labor Increment rate for an operation is 35.5% and Overtime
Allowance accounts for 1.53% in this rate, then 1,53413 h.319%
will be allocated to Overtime Allowance).

The variation is the difference between Incurred and Re-

covered for the cu

total and by categories, of the actual Indirect Labor paid and

the actual Indirect Labor recovered based on the Bulletin Labor

Increment.

Expense Variation

Of the three main Gost‘Elenents,,EX@Eﬂée is probably the
most diverse of-theSe~Cost*Elementsw Expense has many forms and
is ever present; for that reason, Expense is the most difficult

Cost Element to control. Historically, Expense has been sub-

divided into the following main categories:
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(1) Salaries and Wages

(2)’ Changes and Repairs

(3) Supplies

(ﬂﬁ Product Conformance Cost

(5) Other Direct Expense

(6) Depreciation, Taxes and Insurance

(7) Services Rendered and Receiwved

So that these terms are elearly understood, g brief description

of each is given in the following paragraphs:

hours worked by expense employees including supervision.
This includes absences, vacation, and holiday salary expénse
fOEfthése~empleees,-and also wages of hourly rated employ -~
ees charging time to "A" Orders.

Changes and Repairs - Changes cover aHY‘deificatiOn tQ

building, building service facilities, machinery, small

tools and furniture and fixtures to improve performance or
quality, reduce costs or éliminate an accident hazard. The
everyday word for "Répairsﬁ'is Maintenance. Charges to this
account include expenditures for work performed by the Plant
Maintenance Organization or by other Works Service Employees
against "C" Orders classified to departmental expense.

These charges are obtained by suimarizing for each plant

and expense order the labor, labor increment and loading
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value of charges from assignment cards, plus the value of

material drawn from storerooms and the wvalue of nor-stock
material purchased from Outside Suppliers or Other Works.

Supplies - This category covers (1);staticneﬁ;g (2)'blue—

prints, (3) fuel, (4) water, gas and power purchased, (5)
packing materials, (6) expense tools and SHRET CEDRIES 5D
plies. Charges to this account include expenditures for
material used in the shop drawn from storeroom on expense

- tickets or payments for non-stock material purchased from
supplier not included as part of the material cost of the

- product.

Product Conformance Cost - This category is comprised of

expense incurred in junking, converting, repairing, re—
blacing or other disposition of merchandise (and a portion
of the material used in plant and expense effort) which is
defe ctlve » Obsolete or which becomes unusable. In Elect ¥on
DéVicemanufaﬁture,.Prqéuct:Canﬁﬁmance Cost are treated as
a separate element of cost.

In the manufacture of products which have near perfect
yields, adequate 1nformat1 on is available from the three
basic cost factors of Labor, Expense,:and”Materialp How—
ever, in the manufacture of Electron Devices, where dimen-
sions are critical and the components are fragile > Yields

are not at a ver

f high level. This is inherent in designs
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where minaturization and exact electrical parameters are
required,and.aﬁy:flaws:due tquUality~©f materials Or errors
in assembly will cause the product to fail the various
process checks during assembly or at the final test stage.
By the very mature of assembly, repair of Electron Devices
is the exception rather than the riile s and the cost of de-
fective work becomes a si gnificant item that must be re-
Tore imperative that defective work be measured against

the yield capabilities established by the Engineers and
built into the Standard Cost. This is accomplished by
including the cost of expected defective production as a
separate Expense item instead of allowing additional Labor,
Expense and Material in the total cost. Following is a
simplified one-operation example of an item costed both

Ways:

3 Element Basis/100

Base Labor  Load Value Total
Hours  Value Reg. Shrink Mat'l. Cost
Good Cost 5.7T8 $25.02 35.98 XX 50.15  $111.15

L4 Element Cost/100

Good Cost 5.25 $22.69 32.67 13.32 L2.h7  $111.15
Shrinkage Allow. .53 2.33 3.31 XX T.68 13.32
Total Gross Prod. 5.78 25.02 35.98 13.32 50.15  124.%L7
Less Shrink Prod. .53 2.33 3.31 XX T7.68 13.32

Good Prod. 5.25 $22.69 32.67 13.32 L2.L7  $111.15




Under the three element cost system the allowances fdrdéfééa
tives have been included in the three basic elements. Any
significant change inryieldsfwill‘bewreflected'in,Efficieﬁcyf
and therefore Labor Variation, as well as Toadin g and Mate=
rial Variation, because the total . gross allowance will be
recovered for every 100 good items produced. Under the Uk
element system, for every 100 good items produced, the
dllowances for Good Cost only will be recovered fbrrh@ursq
and each basic element of cost, plus $13,322f®f:aliéwed
defectives. The actﬁal.defectives-Prcduced are also eval-
uated in terms of base Hours, Labor Load & Material. If

the actual defectives matched the Bulletin allowance the
evaluated cost would be $13.32 and Product Conformance

Cost would be stated as $1.00 of Expense per Dollar of

Recovery.

Any variation from Bulletin allowance of actual
defeective production would result in & Product Conformarnce
raﬁe.@f:GFzﬂjbd‘$1“@G}fbu$ would rnot distort Efficiency,
ﬁor7Labor;:cheT'EXPeﬁSei-aﬂduMater1311Variatian because
the recoveries for defective work are based on the actual
junking or product.

Services Rendered and Received - Services Rendered are

cred:LtS to Expense which includes the cost of seérvices

furnished to resident organizations. Examples of Services

Rendered are rent for floor space, house services, and
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personnel loanéd. Services Received sare debits to Expense.
Services Received includes such items as Cornet charges

billed to a plant for its' portion of Cornet usage.

Other Direct Expense - As the name indicates, this is the
"catch all" for the balance of the operating expenses. Some
of the principal items included here are (1) security

aecruals on expense employee's salary expense (2) rental
on equipment, (3) telephone and telegraph service, (L)
travel and llVlng, ( 5) local moving expense, and ( 6) shop
work Qn-coét reduction and other development cases.
Expense varidgtion is determined by comparing the total expense
dollars charged to the five major categories of expense (i.e.,
Saiaries and Wages, Repairs, Supplies Expense, Product Conform-
ance Cost, and Other Direct) to the loadings recovered for those
expenses.. ThE BUll€tin%leVel.QfTCOsts:has“beeﬁ computed in
terms of dollars per base labor hour of work produced in the
load center involved. Acsordingly3'total;production is used
as the base to which these Bulletin cost factors are applied to
get the total Bulletin level of costs recovered. This is
commonly called the Loading Recoveries. This is the standard
value to which actual charges incurred are compared to identify
the difference or variation.
[LOadingﬁ are a means of assessing Manufacturing Expense

into the cost of the product. This is accomplished in this
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company by the establishmentwaf"a.loadingﬁrate whiech can be
applied_tofBase Hours representing product shipped or in inven-
tory on the floor. To determine the total loadings recovered in
production by*a;pa?ticular department or load center, each Base

Hour that is’réd@vgred.in;Peruction;is extended by the@tﬁtai

dollar value of the loadirig rate. This total must then be sl
located to the proper class of eXpense. This is done by apply-
ing to the various breakdown of expense alperdehtage'aPplicable
to that particular class after transfer to Headquarters their
portion of the Loadings. :in the discussion of wvariation in

expense and also in labor, it was found that the only means of

offsetting the costs incurred in the operation of the Works is

by the recovery obtained through the a@piicatign_gf?theJstaﬁaard
costs to the productive efforts. The company provides paid
holidays and vacations up to fiVetweeksifof"eligiblewemployEQs,
depending on length of service. It is also obvious that when
Direct Employees are on vacation, or the plant is shut down for
a holiday, there is no productive effort to offset the expenses
that are continually being incurred. Whether at work or on
vacation, the employees will still be paid; and whether the plant
s in operation or shut down, tax liabilities and other elements
cf‘fixé&,charges are stillfbeingiincurmed, If steps were not
taken to provide recovery for vacation and holiday costs, those

months in whieh they geonr would reflect significant changes in

l

"
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variation from other months of the year, merely because costs
'Weré°5eing;ineurred for Whichﬁthereﬂwasinafpgssibility of pro=
| ductive effort to offset thenmn. Therefore, a system for equali-
zation of these vacstion and holiday costs by withholding in
reserve a-eertain,portign of'labOT:reCOVary andjldadingffe¢overy
dbtained'frem-ndrmal,pr@duction.hasfbeén established. This re-
covery is used to offset costs in those periads'in:whichvthere
is no production. The basis for the equalization calculation

is the reiationshipwaf‘theelab@ryreeoveredaxas applied *to the
total annual cost of vacations and holidays.

The causes of variations from standard in expense, whether
profit or loss, are many and varied. TIn Salaries and Wages,
there are changes in basic rates of pay, just as in Direct Labor,
Oor more or less overtime than had been anticiapted. Product
conformance c¢ost can fluctuate due to the efficiency or ineffi-

scrap. ZE¥&ﬂgeS in dESigninecessit@ting:disp@&al of parts in
process could adversely affect this item. Aecquisitions or
disposal of machinery can affect Depreciation charges; also the
company, as is any property owner, is subject to changes in the
tax rate structure.

Acquisitions, Oor conversely, lack of acguisitions., of

machinery can affect changes and repairs expense; new machinery

ordinarily willgnot.require as much repairﬁas.Qlderwequipment.
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There are as many reasons for changes in Other Direct Expense
as. there areisubclasseswithin the category. These are only a
few of the many causes of variation in experise.

Some of these expense categories are within each supervisor's
area of action. IListed Below are some of the key items which,
by elose observation, can bring better operating results.

zsalariesvande@ggg —_Assumihg“ﬁhat:each supervisor is

observing the Expense DirectjRatio%fGr'employees,‘the second

xpense lies in the supervisor's

control of the overtime worked by his expense people. It
is, of course, recognized ﬁhatovertiﬁehas‘beeﬁ the safety
valve which enables some flexibility arourid the E/D ratio
control. But overtime, too, has budgetary limits which
have to be observed.

supplies - The supervisor's authori ty to draw expense

supplies from the storeroom places him squarely in the
position to see that only the proper quantities of supplies
are | requisitioned; and sSecondly, that these supplies are
properly and fully consumed before additional supplies are
drawn. '

Product Conformance Cost — Shop supervisors can minimize

this expense by keeping a closer watch on maintenance
procedures and minimize the use of tools, fixtures or
mmachinery~Which=are‘out‘cf'a&justment or are too:-worn for

acceptable production standards.
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Other Direct Expense - Because of the wide variety of the

expenses included in this category, no pattern can be offered

for minimiZing-this,expenselby'superVisoryfaction:except‘to
suggest that’WhereVer*thé.superViSQr can exercise control,
he should meke a consistent effort to use restraint in such

expenditures.

The broad heading of ”Material an& Other Variation" covers
all of those operating variations which are incurred in the
manufacture of the product which do not properly fall in either
the Labor or Expense categories. The s ubject of Material Vari-
ation is an important one because it concerns profit and loss to
the Company. To the extent that ‘the company is able to convert
raw materlials into finished goods at an actual cost that is less
than the Standard Cost allowed in the Bulletin, they earn profits.
1f; on the other hand, the actudl cost to manufacture exceeds the
Bulletin Standard, then losses are incurred against the Standard.
Material Variation should not be confused with Material Price
Variation since the latter is in no way the responsibility of
the Shops. Material Price Variation is the: profit or loss which
results when materials are bought from outside suppliers at
prices which differ from the standard costs. This Variation is
charged or credited to Non-Operating Variation; and because the

profit or loss is usually the result of changing Market Prices s

and therefore out of Shop control, it does not get published in




the Monthly Operating Variation Report.
Material Variéti@n,.as'has been stated, occurs when the value
of material used in production differs from the value of material
provided for in the standard cost of the product. The material
shown on the Cost Form "Cost Bulletin Input Details" » 1s the
material that was listed on the latest issue of Engineer of
Menufacture stock list at the time the Bulletin was revised.
The~COStS“per~hundred:figures are the standard costs for the
Various compdnent-parts The product of the quantltles called

for on the E of M stock list and the standard cost per hundred

is calculated to obtain "the materials cost per hundred”. The
total of these Values,'thE'matérial»ggstgper‘hhndred? appears

at the bottom of the Bulletin Cost Record. When this total is

agdded to the total labor value and the total load walue, the

result is the Standard Bulletin Cost per hundred of the unit

produced.

'he key thing to note in this brief explanation of how a
Bulletin Cost is made up is this: The Standard Cost of the unit
or of any code, once it has been es%éblished, becomes fixed and
will not OrdiﬂariIYZChange;fbr the duration of the Bulletin.
Every time 100 units of a particular product are shipped to
Merchandise, Mercharndise is billed the amount shown on the Input
Form (Or'the“MD-cost-ifthe»product‘is-multi—sourced, see

Material Variation) for that product. If all and only the

components shown on the Bulletin Cost Record are used, and in
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the exéct quaﬁﬁiﬁies'shQWn,'then;wheanérchanaise:is'billed, the
value of the material actually shipped is recovered. If, on the
other hand, the value (at Standard'CQSt)-df'the~material-agtually
used differs from the value shown on the "Cost Bulletin Input
Details," then Material Variation is incurred.

The "Material and Other" section of the Variation Report is

divided into six separate categories:

(1 ) Material - Cost Reduction

(2) Material - Other

(3) Local Versus Manufacturing Division Cost

(k) Inveritory Difference-

(5) Development Expense

(6) Other 2
In the following paragraphs, definitions and methods for calcu-

lating each category will be given. However, since there may be

_exceptions to any method that is presented, no uniform work sheet

is used in determining these different variations.

Material - Cost Reductions - Represent the difference

between the value of material included in the Bulletin
Standard Cost and that included in subsequently issued
Manufacturing Layouts, provided that the change is a result

of an actual cost reduction case initiated by the Engineer

of Manufacture. This line, in general, is the result of the




Variation-areated»by parts substitution or deletion as a
result of closed cost reduction .cases. To determine
variation, the monthly output of the unit is multiplied by
the cost reduction savings per hundred units produced: The
cost reduction savings come from the "Closed Clerical Cost
Reduction Case bdok.anduthezQutpﬁt~quantity'ﬁrom;the output
'tdbﬁlation run-

Material - Other - Represents other parts changes current

| versus bulletin stock list. These aré:changes-qthsr than
cost reduction cases which have resulted in variation.
These changes may come sbout as a result of employee's.

suggestions or errors, omissions and corrections in the

Standard Bulletina(i.e.;fczeamount of a unit needed to
produce ﬁﬁeAproduct:might'haVéVbeen overstated in the
Bulletin.) The variation for this line can be found by
ﬁsubtracting-“MatgrialuvariatiOn — Cost Reduetion" from
"Total Material Varistion." Total Material Variation" is

stated on the output tsbulation run.

Local Versus Manufacturing Division Cost - Represents the

differencé between this Plant's. or Works' local and M. D.

cost used for billing purposes. Very often the same 1tems
that are manufactured at this Works' are manufactured at

more than one Works' location within thﬁgCompaan Each

Works' will, of course, establish its own local cost on
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these items. The Company, however, will want only one cost

to be used in billing to Merchandise. Therefore, one Works'
local cost will be designated as the Manufacturing Division
Cost, commonly referred to as M. D., in most instances this
Will be the lowest of several costs; however, if the Works

fhaﬁingsthe*lﬁwest-eogt is only a relatively minor producer

of the item, Headquarters may designate a Works which is

& major manufacturer of the item as M. D. even though its
cost is higher than that of the other Works

Inventory Difference - Represents the difference in book

'Value;of‘Inventory and,EValuated%physical:cqunﬁu The actual
phy;ical count of Inventory is taken at the end of September
eaéﬁ yeari U@“ﬁ@ that time, Inventory Difference is esti-
mated for the year ending; then, each month (until Septem-
ber when actual inventory is taken) this figure is prorated
éothat the effect is equalized over the entire year in
which it accumulated.

Development Expense — Represents éxpenses authorized by

%Héadquarters for major development cases dnd is billed to
their books. This positive variation in Material and Other
Variation is offset as a negative variation in Expense
Variation, with no effect on local Works' Variation.

,Qtngr Variation - Represents a miscellaneous catch-all.

This category takes into account any other Material
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Variation which would not be explained under any of the above

major categories. For example, a cduse céould be the Te-

issuing of the & of M layout for a part that was formerly

purchased from an outside supplier or drawn from another

Works'. 1In these cases s the local standard cost is based

on the purchase cost or on the standard cost of the Works

from which the part was drawn. If the new E of M layout

calls for manufacture of the part in ones' own Shops, a

QSpegial;reaovery:costtis-worked.upxoﬁ a Bulletin Cost

Record Form detailing the local cost of manufacture.

Differences between the standard cost and the special

recovery costs are categorized as variation due to differ—

ences between billing and recovery.

These dre sourcées of the "Material and Other Variation"
figures which appear each month on the Variation Réport. Great
care is exercised in accounting for this variation since it
reflects the profits and losses of the Company in a manner that
makes them traceable to theﬁdrganizations:;nvoived.

The question may be raised at fhis point: Since in a very
large measure some of these elements are beyond individual Shop
control, why are the Shops held responsible for them? The answer
is that the Shqpsf@rejheld_responsible-fOr them only to the extent

that they are gable to exercise control over them.

It may well be that a particular Shop can exercise very
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little control over some forms of variation, but it should be
remembered that departmental variation becomes a part of the
divisional variation and finally of the Works total variation.

be unable to

The controls, therefore, which Lower Management may
provide are often available at higher leve]_s . To take action,
closer to the job, as to the nature or type of variation that
is occurring and its cause.

In discussing the COHtFQl'Qf MatérialaVariatiOnb o
primarily interested in those controls with which Line Super-=
vision is directly concerned. Some of these controls are as
follows:

(1) Adhering to Layout Allowsnces - The Material Value of

the Standard Cost of any unit is based solely on the
layout allowance for that unit. Any deviation from

t, is a source of

the layout, no matter how s ligth
‘Material Variation. TIf for any reason a layout

allowance is not being followed, the responsible Cost
Unit should be notified so that the resulting varia-

tion may be properly accounted for.

(2) Proper Accounting for Scrap Material - There are two

classes of scrap material; namely, Process and Residue

scrap. Process is that material which is normally

-

used as component material in a unit, but which for

Yarious reasons has become unusable and must be




scrapped. This material must be acéounted for when
Junked in order to relieve the Shop investment. Residue
scrap '.ifs material which is provided for as allowance

in the Standard Shop Cost of the product. The Line
Supervision should guard against any possibility of

process material being juml

ked as residue. Process

and residue scrap should be segregated physically to
eliminate any possibility of mixing the two types.

(3) Adnherence to Cost Reduction Cases - All cost reduction

cases should be strictly followed as to“b@th’thew
reduction itself and the effective date.
There are g number of types of wvariation which do not appear
in the Operating Variation Report because they are beyond Shop

control. These are referred to as Non-Operating Variations.

They include such items as interim cost changes, purchased
material-price variation and variation due to subeont racting
work normally performed by the Shop. They are mentioned here
because these are closely related to Material Variation, but )

-they are not actually a part of it.
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CHAPTER 1V

MODEL DEVELOPMENT

In this chapter several models for predi cting Total Operating
Varistion will be developed. The difference between the models is
the amount of data needed by each model. The amount of data re-
quired influences the accuracy of the model. Therefore, which
model to be used is an economic decision balancing the cost of

collecting data and the degree of accuracy needed.

Model of Operating Variation Using Major Variations
Since Operating Variation is divided into Labor, Expense and

Material and Other Variations , an obvious model is:
0.V. = Labor Var. + Expense Var. + Material and Other Var.

Although this model will predict Operating Variation and is easy to
apply, a large amount of data is required before the model can be
applied. The amount of data may be reduced by using either of two

abbreviated forms of the model, namely,

0.V. = 303.90 + .919 (Expense Variation) (h=2)

or

0.V. = 9.09 + 1.19- (Expense Variation)

+ 1.18 (Material and Other Var.) (4-2)
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TABLE 1

Correlation Coefficients of Operating Variation And Its Elements

Total Labor Var. 1.00
Expense Var. 1o 1.00

Material and Other 076 ~.L0é 1.00

Operating Variation  .709 .803 .159  1.00

. R s Bee e mow s et —
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The model given by (L-1) has a multiple correlation coefficient
(M.c.c.) of 0.803 and a F-ratio of 58.01 while the other model given
by (heéﬁ:has.a_mﬁfﬂipleacorrelatidn coefficient of .962 and a F-ratio

of 194.40.

Labor Variation the next most significant respectively. Therefore,
for purposes of predicting éﬁasGOntrollihngperaiingfVariaﬂign the
priority should be Expense, Material and Other, and Labor Variation
respectively. However, this may only be true of the'plant'béing

d not be applied to other plants employing the

stﬁ&ied and ‘shoul
fSﬁaHdard-COSthYStem”WithOut further'investigatiﬁn,

Under the assumptions of linearity, Expense Variation has the
highest degree of association with Operating*Vériaﬁion, Labor
Variation is Slightly less than Expense Variation in its correlation
with Operating Variation and Mat erial and Other Variation.

'A:further“rédﬁeti@n in the-am@unt.o£5datarequiredcould be
recognized if the principal components of each of the variations
were Kknown.

Model of Expense Variation

As was discussed in the previous chaptéerxpense'Vériation is
subdivided into the followi hg categories of variations.

(1) Salaries and Wages

(2) Changes and Repairs

(3) Expense Supplies
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(&) Product Conformance

(5) Total Other Direct Expense

(6) Depreciation of Plant

(7) Depreciation of Small Tools

(8) Depreciation of Furniture and Fixtures

(9) Taxes and Insurance
Applying principal component analysis the sbove variations pointed
out a high intercorrelation between the varisbles Salaries and
Wages, Depreciation of Plant,and Taxes and Insurance. There also
existed a high correlation between Changes and Repairs and Depreci-

ation of Small Tools. This eould beriﬁtexprete&,asmeaning that

as plant assets increase,; the amount of taxes and insurance paid
are also lncreased. In addition, an inereasse in Salaries and wages

occurs indicating an increase in e:

pense people.
Stepwise regression was used to obtain the following model of

expense varistion.

Expense Variation = 5.22 + 1.45 X(1) + 1.32 x(2)

where

- X(1) = Salaries and Wages Variation

X(2) = Expense Supplies Variation

l"

Product Conformance Varisgtion

X(3)
X( L)

Total Other Direct Expense




i L-'.-~.>w;,¢!¥,m? T

Variable

1

Exp.Var.

O.V.

-

1.00

.087

- 463

.309
.63l

.209

;hﬁl

. 721

;7IQ

Cerelation;Cbefficients_ijExpeﬁSéfVariatiQn

2

1.00
24T
.130
061
-.315
LTL40
.288
-.115
401

, Shk
Variable‘Nb::

3 L 5 6 T 8

.00

-.298 -.128 1.00

021 .101 -.166 -.256  1.00

s 006 45 .796 007 .h33
-.019 458 .10k 436 .48Y .608

Quantity
Salaries and Wages
Changes and Repairs
Expense Supplies
Product Conformance
Total Other Direct Expense
Depreciation of Plant
Depreciation of Small Tools
Depreciation of Furniture and Fixtures
Taxes and Insurance |

1.00
.500

+«393

1.00

9

BT -
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This model has a multiple correlation coefficient of 0.963 and &
F-ratio of 93.2.

With the additi@ﬁw@f'a“ﬁerm.involvingTGhanges and Repairs
“Variatfbﬁ the multiple correlation coefficient was increased to

’0.983fand'thefFéfatio to 162.5. This model was of the form:

Expense Variation = -8.30 + l .33 X(1) + 1.03 x(2)
+ 1.18 X(3) + .98 X(L) + .88 x(5) (L)
where

X(5) = Changes and Repairs Variation and X(1) through X(L4)

are the same as in the previous model.
Correlation coefficients between the varisbles comprising

Expense Variation are given in Table 2.

Labor Variation is composed of Direct and.Iﬁ&ireet Labor
Variation. As can be seen from Table 5, Direct Labor Variation
correlates more closely with Total Labor Variation than Indirect

Labor although each are of approxi mately the same ma gnltude . Thus,

1f one would observe the magnitude and trend of Direct Labor

Variation he would have approximately the same information

about the Total Labor Varistion. The model relating Direct Labor

Variation and Total Labor Variation has the following form.




1. Hourly Rate Paid Different from Standard

Changes in Rates - C.R.
3. Changes in Rates - Other

4. Other Direct Labor Variation

TABLE L

COMPONENTS OF INDIRECT LABOR VARIATION

1. Overtime Allowance

3. Wage Incentive Allowance
L. Vacation and Holldays

5. Security Accrual

6. Personal, Sickness, and Disability Absences

T. Other Indirect Labor Varistion




Hourly Rate P4.
Diff. From St4d.

Changes in Rates-

Other

Other Direct
Labor Var.

Overtime Allow-
ance

Night Bonus

Wage Incentive
AlJowance

Vacation and
Holidays

security Accrual

Personal ,Sickness ,&

Dis. absences

Other Indirect
Labor Var.

Direct Labor Var.

Indirect Labor Var.

Total Labor Var.

1

1.00
=373
.088

.106
..072

- 125
@128.

.03k

.0L6

f',:'t'f:. .00

.392

+019

.250
.020

072

1.0Q0
-.066

=33k

. 001

.03k
.088

43k 1.0

"@2h6 —.

TABLE 5
Correlation Coefficients of Tot

3

00

632 .

101 -

015

..315 1.00

..508
!650

250
.3k0
.hhg

186 1.

211 -,
.056 -

al E&b@f-%ériatioﬁ

00

198f1?00

.29 -,304 1.00

321

J297

&3

.05} -.035 100
217 -.057 007 1.00
.103 -.079 1.00

.555 1.00
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More insight into Labor Variation may be gained by investigating
the compoénents of Direct and Indirect Liabor Vari at 1on . The compo-
nents of Direct and Indirect Labor are given in Table 3 and k
respectively.

The correlations coefficients between Direct Labor Variatigﬂ,
Indirect'Labor’VariatiOn, and their components cdn be observed from
Table 5. Changes in Rates due to Changes Other than Cost Reduction
eorrelated the highest witthirect;Labpr*Variation'While Security
Aeccrual Variation correlated the highest with Indirect Labor
Variation.

Using the components of Indirect and Direct Labor Variations,

‘the follcwingjmbﬂéls of Total Labor Variation were obtained.

Total Labor Var. = .716 + 2.05 X(1) + 1.2k x(2)

Total Labor Var.

8.19 + 1.9k x(1) + 1.17 x(2)
+ 1.17 X(5) (L=7)

I

= Sécurity Accrual Var.
x(2) = Personal, Sickness, and Dis. Absernces Var.

) = Changes in Rates Other Var.

N
Il




X(4) = Other Dir. Labor Var.

= Hourly Rate Paid Diff. from Std.

I

The model given by (L-6) has a M.C.C. of .95 and a F-ratio equal
to 67.43. The model given by ( 4=T7) has a M.C. C: of .96 and a
F-ratio of T72.97. By the fact that three of the five variables in
(4=T) are components of Direct Labor Variation, the depéndéncefcf“'
of Total Labor Variation on Direct Labor Variation is further pointed
out.

Material and Other Variation is subdivided into the followiﬁg
categories of variations:

1. Material

2. Tocal vs. M.D.

3. Billing vs. Recovered Cost

L. Inventory Difference

5. Development Expense
It can be seen from Table 6 that Material and. Other Varigtion is
composed almost entirely of Development Expense. The correlation
is so high that the two quantities could be interchanged. This is .
reasonable since the plant investigatea,is,main1y~a_piio¢=sitef@r
the introduction of semiconductor and thin-film devices. :Mate;ial.

Variation is the next most closely related varisble with Material

and Other-Variation.




- Material 1,00

Cost -.2hh -.097  1.00

Inventory Difference .03k -.101 -.116 1.00

Development Expense 112 ATk .060  —.LoLk  1.00

Material & Other Variation .h2k  ,190 -.020 ~-.351 Ol 1.00
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Mat'l and Other Variation = 2L.03 + 1.0 5 (Dev. Exp. Var.)

The model given by (L4-8) has a M.C.C. of . 94t and a F-ratio of
s Material Variation to the above model produced
" Tt e simst completely explained Material and Other Vari=

ation. This model is given in (L4-9).

Mat'l and Other Var. = -2. + 1.01 (Dev. Exp. Var.)

+ .919 (Mat'l Var.) (k-9)

This model has a M.C.C. of .997 and a F-ratio of 2300.63.

Model of ©

In the previous models, the most significant variables of
each of the three kinds of variation were determined. Apply ing
regression analysis to these varigbles » the following models were

obtained.

0. Vo = =75.71 + .25 X(1) + 3.55 X(2) + 3.95 x(3)

+ 3.53 (k) (4-10)

0. V. = 28.82 + .41 x(1) + 3.58 %(2) + 3.81 x(3)

+ 3.49 x(4) + .56 x(5) (b-11)

Where

X(1) = Salaries and Wages Variation

X(2) = Hourly Rate pald different from Standard Variation
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X(3) = Changes in Rates - Cost Reduct ion Variation

" Changes in Rates - Other Variation

Expense Supplies Variation

X(5)

The model of Operating Variation given by equation (4-10) has a

M.C.C. of 0.93Lk and a FP-ratio of L9.97. The model given by equation

(4-11) has a M.C.C. of 0.946 and a F-ratio of U7.kL. The variables
contained in these models are all components of either Expense
Variation or Labor Variation. These Variations were the two most
highly correlated with Operating Variation.

These two models also give models of Op eratlng Variation which
require less data to be collected. Instead of being required to
know the value of each of the main variations or even the values of
their components, now datsa pert aining to only five variables are
needed.

Other models of Oper ating Variation were obtained by adding
more Vari ables. Further insight into the prediction of Operating
Variation is gained by noting the order in which the Stepwise
Regressionzprace&ureiadded‘variabIES‘to~tﬁejmbdel given by (L4-11).
The Qrdéiwgf*addition,'fhe M.C.C. of the model and the model's
F-ratio is given in Table 7.

From Table T, oné can see that with the addition of more

Variables,'ﬁhe=modelgis improved. It also aids in assigning priori-

ties for further data collection, if one wishes to improve the
model. 1t is also interesting to note that of the twenty-five

categories of variations included under the main variations, it is




TABLE 7

Order Qf¢Addiﬁién.cf'Variables to (h—9diﬁﬁdJTheir Contribution

Sum of
Order of Addition Squares

P. C. Conformance Var. 9193.260

Personal ,Sickness,Dis. ,Absence Var. 86 83.166

Total Other Dir. Exp. Var.

9602.08L
Development Exp. 17692.841
Changes=&n&jRepairs Var. | 156ﬁ91Q@9
Material Var. | 3&1?,379

Other Direct Labor Var, " 3926 . 769

Security Accrual Var. 3202.11k

¥ The model includes “the variables of (L-9)

Mean Square Variable

F-Ratio

of

9193.260
8683.166
9602.084
17692.8k1
3417:379
1586.481

3202.11L

15.50
k.6l
16.19

29.83

5. 40

R of*¥
Model

F-Ratio¥
of Model

.952
s957
.96

Plus all the wvariables down to

and includ-ng the variable for which the ratio is given.

43.549

81.36
8h4.55

97.49

107.68




possible tbvpradictvOpéfating“Vhriation extremely well with data
relating to only eleven of these.

Uhtiirthisvpeints OPefating;Variation'hasbeenxmadeled-usingz
other variations. A nicdel of this form i§ best fme;%hEHVieprinﬁ

of interpretation, for it is easier to relate varistions to var—

ations as Qpposed'tG:PETCentagegDirect Overtime versus Standard Hours

better to be ﬁsing a model whose varisbles are not Variations.

Model of Operating Variation in Terms of Non-Variation Variables 1
100G : e 2 el DO ook, |

Again as in previous sections the approach will be to develop |
'modéisWithvvaryiﬁg'dEgreeS of data requirements. Table 8 contains |
the variables which dre now preSéntly5beinggrégQrtéd-Qn-a'Weeklyf " ]
basis. They are available from elther the Operating Labor Distri-
bution Report, Value of Product Stocked Report, Hourly Overtime ‘
Report, or the Program Forecast.

Applying Stepwise Regression analysis to these variables the

following model was obtained.

0. V. = -2h7.82 + 8.09 X(1) -1.93 X(3) + 65.86 x(7) (b-12)

X(1), %(3), and X(7) are so numbered in Table 8. )

ThiSZmanllhﬁs a M.C.C. of 0.857 and a F-ratio of 27.72. Examination

of the residuals plotted against the variables of Table 8 indicated
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TABLE 8

VARTABIES AVATLABLE ON A WEEKLY BASTS

Aectual Direct Labor;chrs - Mdse

Actual Direct Labor Hours - Plant and Expense
Actual Direct Labor Charges ($)

Recovered Load - Plant and Expense

Total Direct Standard Hours

Direct Overtime Hours

Percentage Direct Overtime versus Standard Hours

Program Forecast

TABLE 9

LAGGED VARTABLES

Operating Varigtion

46 and 48 Account

Develpment Expense Variation

Changes and Repairs Expense

Local Moves and Rearrangements

Cost Reduction and Other DeveiopﬁentExpensez

(Other Direct Expense)
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the model could not be improved by adding either a quadratic“term

of a variable or making & transformation of Operating;Variation;_
However; a plot of the residuals versus Operating Variation indi-=
cated that the values of Operating;Vériation_ax‘eagh.éxtreme»Wéxe
underpredicted. This would mean that the model needs some additional
terms added.

In looking for wvariables which might be added to the model,
there were not any more presently available on a weekly basis. It
’W&S:&@Cid@dwtbfloﬁk-fqrflagginggvgriables'Whiéhimight‘be-logiaally
assocliated. The guthor arrived on the Variables;listed:infTable 9.

Correlation analysis was applied to the ¥ariables of Table 9.
progressively lagging the varisbles one month later each time. The .
variables were lagged by one to four months . This analysis pointed
out that Operating Variation exhibited serial correlation. The
correlation between Operating Variation and 46 and 48 account
(lagged by 3 ‘months) was also significant at the;95~percentjlevél,
There was no-other significant correlation between the other wvari-
ables of Table 9 and Operating Variation.

A scatter plot of the residuals of that model against the
aforenamed lagging variables indicated that the addition of any of

them to the model would not improve it significantly. Having

exhausted the:variablesfpresentlyﬁavailable on a weekly basis and
lagged variables which might have a logical association, variables

which other than weekly data could be collected on were examined.

tThQse_additiQnai'Variablés'Which“theqauthar-théught data could be
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VARIABLES ON WHICH ADDITIONAL INFORMATION IS KNOWN WEEKLY '3

1. Number of Directs

3+ E/D

Employer/Supervisor

5. Total Direct Hours Worked
6. ’Un&djusted.Effipieﬂcy

T. Direct Labor Variation

8. Total Production

9. Actual Direct.Labqr~Changes
10. Recovered Direct Labor
ll;.iProﬂuct Conformance Cost Variation
12. Actual Product Conformance Costs

13. Recovered Product Conformance Costs | . |
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.collectedimbst-eaSilyWafe'c@ﬁt&inédxin‘TableiIO;

Principal Components Analysis was -applied to the variables con-
tained in Table 10. As a result of this the list of varisbles from
Table 10 were reduced to seven (7). The principal varlables were:

1. DNumber of Expense

2. E/D

3. Total Direct Hours Worked

L. Direct Labor Variation

>. Total Merchandise Production
Ea'.Product.COﬂfotmance‘COst Variation
T. Actual Product Gonformance Costs

A.scatter;plot of the above variables agairst the residuals of
the model given by equation (L-12) indicated that the varisbles
"Number of Expense" and "Direct Labor Variation" might improve the
model. Using regression analysis these variables were added and due
to intercorrelations some: of the previous wvarisbles of equation

(k-12) naq to be eliminated. The resulting model is given by (4-13).

0« V. = 687.91 - 1.11 x(1) + 3.30 x(2) + 1.70 x(3) (L=13)

Direct Labor Variation

.AétualfDirecthabor_HQurs-—[Mdse;e@rdersz(Value

X(3)
doubled for month of July)

The model given by (L-13) hag a M.C.C. of 0.937 and a F-ratio of
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A model using the variable, "Number of Directs" was developed
- since the "Number of Directs" should have more variability than the
"Number of Expense". The best model using the "Number of Directs"

was.

O+ V. = 1598.35 - .Lh22 x(1) - 29.52 x(2) + 3.49 x(3)
+ 1.77 X(h) (4-1k)
Where
X(1) = Number of Directs, In Total

= E/D ratio

2=
N
I

X(3) = Direct Labor Variation

- = Actual Direct Labor Hours - Mdse

>

—
b
a3
I

This model has a M.C.C. of 0.939 and an F-ratio of 5L.L0.

The
addition of a term also gives the model more flexibility than the
model given by (L-13).

Examination of the reSiduals.of‘the-mhdels‘giVEn by‘(h—l2)an&
(h113)‘indicated‘that'ﬁheilargestfresidﬁais occurred during the
mofiths of September through December. The explanatianvfor this is
that a physical inventory is conducted by the company auditors
during the month of Septémber. This usually results in an adjusément
Of the September results and may carry over into the following months.
Operating Variation for “the month inbeéemberﬁis usually abnormal
due to the closing of the yearly books. 'Being;the~ena'of the year

the December books are kept open longer than is the case during the

rest of the year so all transactions for that year can be recorded in
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the year. This suggested a model for the months January through

August and a different model for the months September through

December .
0. V. = 959.79 - 1.19 X(1) + 2.80 x(2) + .10 X(3) (4-15)
0. V. = 2329.68 + 3.43 x(2) - .10 x(3) - 56.41 x( k) (4-16)

Xﬁl):=iNumbeerﬂExpeHSe, In Total

| = Direct Labor Variation

.
N
I

”v”wTQtal.MdSe@.Produgtien

H

X(4) = E/D ratio

The model given by (L-15) applies to the months of January
thrgugh August Whereas,fthé'mﬁﬁél,given;by (h—16).applies to the
months of September through December. The model given by (L-15)
has a M.C.C. of 0.946 anda an'F;ratio‘Of“SOs59~f'Ehe~corrESPOndin€
values for the m@ del given by (L -16) are 0.989 and 106.76 res-

pectively.

The next approach to modeling Operating Variation was to apply
Time Series Analysis Techniques. A“timesefies hasfbeenﬁdefinedx
as a ser ies of mesdsurements of statisti cal data arran ged in chrono-=
logical order. The recording of QperatinngariatiQn Over the past .
several years certainly fulfills this definition. A time series

plot of the Allentown Plant's Operating Variation is presented in

Figure - 2. From a visusil inspection of this plot there appears
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(OPERATING VARIATION (THOUSANDS OF DOLLARS)

- TIME SERIES PLOT OF OPERATING VARIATION

+200
+ SOT
10} l
o5t
-100
|
-550
L
- — o e O S
JAN ‘66 JAN. ‘67 JAN, 'G8 JAN, ‘69 DEC. ‘69

TIME (MONTHS)
FIGURE 2




Sk

to be a-cyglicgpatterhwith.ayperiod.@f'tWOwyears."iTests for
serial correlation was signifieant at g 0.01 level.

Since the Standard Costs are revised every two years, the zero
for the Operating Variation time series may be Shlf‘ted up or dOWn
For this reason it does not seem logical to smooth a time series
across the boundary of a bulletin periocd. Therefore, an exponential
smoothing model with and without trend was constructed using only
the data of one bulletin period (24 m@nths), Thewaﬁaethihg‘eﬁnstant
(%) was éelected-using the criteria of minimum mean square error |
between the actual and the predicted values. As &g result, the

following model was developed. | | &

T T-1.

where

g value off = 1.0 was selected as the best soothlng congtant on
the criterion stated sbove. Thus, the model given by (4-1T7) reduces
down to simply, the expected value of next month's Opel“ ating
Variation is the value of this month's Operating Variation.

Production Functions

nction assumes the form:

The Production F

[x,(t) 1% ————[x () 1P
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where B

U(t) = output at time t

constant

c

the level of the i factor at time t.

Xi(t)

If the exponents A, are constant (whibh.they'are;aSSumedgtgfbe) then

by takiﬁg-the'defivatiVESfWiﬁh regpegt“tg;the fagtgrs Xi.it Qan'bé

dul(t) /ax; . x
u(t) i

This Qan;be:iﬁterpreted-as ﬁhe perbeht_Qhange-ih QutPut aue to 8
th

seen that

percent change in the 1™ factor of input. The constant A, is

b factor in Economic theory.

termed, "Elasticity" of the i
To utilize this model for prediective purposes it is necessary

to estimate the parameters C and A, A

110K (8) + A 20X () + ———eo 1nE

where E is a random varisble.
The Produgtioh_Function’hasxobtained widé acceptance in the field

econometrics forqreiatingﬂguﬁput;and the factors Qflﬁradﬁétion,

The elasticity of a factor is useful to know from the control point

of view. -Eréﬁﬁentlyg aﬁplant~will:experience;a;change:ingrequired

production volume. This affects the Operatiﬁg:Véria%ion since the

amount of Recoveries is directly affected. One of the first questions
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’I
asked by management is, how will the change in volume affect {
Operating Variation$ %Thi5~questiah.can‘be.answeredfby determining

the elasticity of production volume. A change in volume will not

only affect Operating Variation, but may affect efficiency ‘and the

number of direct pecple required. In addition, any change in the

number' of direct people reguired will affect the E/D ratio:

The parameters of a Production

unction type model were deter-

mined in an attempt to answer some of the above questions. The

| S—

o.v;:=-6.39[XK1)]’lO'gh[Xﬁzb311‘76£X03)]*2“h2 (4-18) .. | w

where i | ”

X(1)

X(2) = Unadjusted Efficiency

X(3) = Total Mdse. Production

N6 statistical test can be made to verify

the "goodness" of the ' w
model, but the logical interpretation of the factors indicates the l
| |

rodel s unreasonsble. Ehe'ﬂégaﬁive»exPénént of X(3) means thsat
é as a percentage increase @CcursiinyTQtal_Mdge@ Production there *

will occur approximately twice a.Percenfagerdecrease i1n Operating

T T T A T

Variation.
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value with the actual value of Operating Variation. The values

CHAPTER V

EVALUATION OF MODELS

The purpose of this chapter is to test and compare the models

developed. This will be»done'by'Sﬂbstitubingﬁthe actual values Qf'

the variables during 1970 and comparing the resultant predicted

predicted and the actual values are plotted in Figures 3 and Uu.
A summary of the models is contained in Table 11,

the differences equals zerd. The t-values obtained are contained
in Table 4.  From Table 1k it can be seen that the average
differences between the predicted and the actusl values of
Operating Variation did not differ significantly from zero, at

the noted confidence levels, in Models I, IT,
t-value for Model IIT was not calculated in considering the magni-
tude of its differences. Therefore, one can conelude that

Models I, II, VI, and VIT can be used with the noted confidence

fﬁr“PTEdicting;Opefatinngariati@n; :Hawever,'Mbdals¢III, IV, and

V gave biased predictions of Operating Variation.

Models III, IV, and V were further examined to determine what

the reasons were for the significant differences. In examining
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che¢vafiables of Model III it was found that the variable "Percentage
Direct Overtime versus Standard Hours" had trended upward over the
years 1967-1969 but reversed directions and began a downward trend
in 1970. Since this.hadsnd%been.experienéed'bytheqmbﬁel‘bef@re,
it biased its results. |

In examination of the differences of Modéls IV and V it was
seen that the models predicted ressonably well until the month of
September. It was found that a decrease in production, a substamtial
increase in efficiency and yield occurred in September. All of
these factors caused a decrease in the number of Direct emﬁioyees€
needed. This decrease stopped an upward trend over the past three
years in the numb er of Direct employees. The increase in effici ency
resulted in the value of Direct Labor Variation doubling the
maximum’PQSitive“quantity‘itlhad,experiencea in the last three
years. In addition, the increase in efficiency coupled with the
decrease in production resulted in a dOWﬁwaTdﬂr@nd;in~the~Actual
Direct Hours Worked-Mdse. This downward trend contradicted the
upward trend experienced by the model over the latter three years.

The reversing of the trends in the number of Direct employees and

Actual Direct Hours Worked-Mdse ang substantial increases in ef-
ficiency and yield resulted in significant differences between the

actual Operating Variation and those predicted by the models.

uding the results of 1970 and

reevaluating the parameters of the models. This was d@ne using:
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Model IV and differences between the predicted and actusl values
1s contained in Table 13. One can see that by updating the model,
both the mean and the variance of its @ifferences were reduced.
The average differences of the updated model was tested and found
not significantly different from zero with & confidence level of
0-0l. Thus, by updating the model monthly as more dats became
avallable the model adapted to the trend of the variables.

The required data was not available on a weekly basis such

Operating Variation given the results of the first week, SeCGﬁﬁn,

week, and third weék as the month progressed.

This would be a good application of the model if the data for

the variables could be obtained weekly. This would give mansgement

a predicted value of month-end Operating Variation based on the
results of the first week's operation. Then successive predictions

could be obtained based on the results of the first two wWeeks'

operation and tliree weeks of operation.

O

H:
\

|



TABLE 11

Summary of Models:
| - Equation
Model Form Number _

I 0.V.=9.09+1.19X(1)+1.18%X(2) h-2

I 0.V.=28.82+.41X(3)+3.58X(4)+3.81X(5)+3.49X(6)+.56X(7) h-11

III 'O.V.=—247,82+8;ogx(8)-1.93x(9)+65;86X(1@) L4-12
LIV 0.V.=687.91-1.11X(11)+3.30X(12)+1.70X(13) 4-13
v ‘5.Va=1598.35—.hsz(lu)—29sSZX(l5)+3ﬁh9X(12)+l977X(l3) b1
¥l Q*Vf=959.79-1s19X(11)+2}8QX(L2)+,1@x116) - =15
Q-V?=2329#68*3wh3X(l2)wgl@X(16)+56,ﬁlxi15)== L-16

VII 0.V.=Last Month's Operating Variation h-17

where X(1) =

Expense Variation

X(2) = Material and Other Variation

X(3)
i@h)

~Salaries and Wages Variation

Hourly Rate Paid Différent from Standard Variation
X(5) = Changes in Rates-Cost Reduction Variation

X(6) = Changes in Rates-Other Variation

QX(?) Expense Supplies Variation
X(8) = Actual Direct Labor Hours-Mdse.
X(9) = Actual Direct Labor Charges

X(l@):iPercéntageJDirectmOvertime versus Standard Hours

. T TR T, T g i g ae e

;X(ll)=fNumber.offrW ense, In Total

X(12)= Direct Labor Variation
:X(13?=tActual.DireatuLéer:HburseMdse.(value fbr~Ju1yrngble&)
ﬁX(lh)=§Number>Qf'Dirécts, In Total

X(15)= E/D Ratio

X(16)= Total Own Good Mdse. Production

=g S T e Y

!

'f:;
'.
I
-
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Months

January
February

March

April

June
July
August
September
October

November

December

Predicted Values of Operating Variation

518
57h

31

386

k11
557
788
663

II

305

549
610

T22

294
577
649
539
555
621

IIT
215
179

-118

-193

=111
_038
-386
~5T6

~6l2

TABLE 12

MODELS

1V
170
541
560
499
600
L3k
LT
244
361
246
270

212

v

157
535

251

VI
167
523
543

h85

432

85

2ks

Iy

VII Updated_Actual

310

ﬁ52~

607

Lo

30

31
Loe

795

170
582

558

509

627
490.
145

Lo

332

39k
367

310

L52

60T
578
689
6lip

4

k31




Months
January
February
Marech
April
Mey
 June
August
September
October
November
December

Ave, error

Variance

TABLE 13

Differences Between Predicted and Actual Results of 1970

MODETLS

11

=33
-31

240

13
23kk.8  1548k.9

11T

- 95

ng

753

268

81T -
1072
1221

1326

1V

135

37

525

I

32k22.L ' 26573.4

173
86
308

383

16@&5

- magan, S

-
143
-T1

6k
93
113
210

- =55
185
276
033
137
703
2hk.2

L e

VII

1o

155

97

Qﬂgi%i

-161

t"251331
7h®d9-l,- 66288.1

Updated

140

-130

L9

70

9
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TABLE 14

Model b-value

T 2.56%%
IT =1.24%
VI | 3, I1¥%%
IV Updated S 1.91%x
* Rejected Hy at 0.10 level
** Rejected Ho at 0.05 level e i

**% Rejected Ho at 0.01 level




T o T et R YT TR g . <o e T

66

CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY
q

Conclusions

The objective of this thesis was to develop a model to be used
for predicting Operation Variatior. Several models were developed
based on the amount of information available. A gomparison of
these models and a statistical test of theirnsignificanceuis
contained in the preceding chapter. These models were developed by
applying Stepwise Regression to data collected over the years
1967-1969. The monthly data was transformed %0 an equivalent four-
week month such that all the data was relativelnyQual.inutime
The following baragraphs contain the conclusions drawn fron
the investigation done in developing these models.

Operating Variation proved to be cyclicaS W&§7bTOﬂ€hﬁ 0ﬂ£
by a time series plot and a test of serial corrélati@ﬁ~ The length
of cycle was approximately two years. The eycle length is also the
length of time that a si ngle S tandard Cost is in effect. Operating
Varigtion generally has a-pOSitiverate of inqreaSe during the first
year of a Standard Cost period and a negative rate of increase during
the second year.

One explanation of the cyclic,pattern4oerpératingzvariatién
lies in its influence by management. If Operating Variation has

decreased over the iast;six months, management will probably apply

pressure OQ'Engineering'for-improve& pr@QeSSeS-and/Qr'methods in

order to reverse the trend. This pressure will be applied until




Operating Variation has started upward and has reached a satis-
factory level. The pressure is then lessened or removed since an
extremely high positive Operatingcvariation:is,nct;deSir6d~iqu-95
an extreme negative Operating Variation is undesirable. With the
pressure removed from Engineering and Operating Variation reaches
a peak and then starts a downwarad trend. The length of the trends
can be VieWEd as & result of the response time of the system.
Expense Variation is the most significant element of Operating

Variation with Material and Other Variation and Labor Variation
the next most significant respectively. Since Expense Variation
comprises such an important part of Operating Variation, a method
of controlling Operating Variation is to econtrol the €lements of
Expense Variation. The most significant elements of Expense
Variation are Salaries and Wages Variationq'Expeﬂse§3upplies
Variation, Produce Conformance Variation, and Total Other Direct
Expense Varaiation. Little control can be exerted on Salaries and
Wages Variation by local management other than limiting @vertime-by
expense personnel. To the average employee, the amount of paper,
pens, paper clips and the number of copies of a certain blueprint
used by him have no effect on the operation of the company:. When
added to the other items included 1n Expense Supplies the aggregate

Operating Variation can be improved by

meking the average employee aware of these fdets and ask that he

use all the supplies that are needed but not to be wasteful of these

items. In the manufacture of Electron Devices, the yield of a
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process plays an important role in the Product Conformance Variation
since repair of these devices is the exception rather than the rule.

Product Conformeance Variation might be reduced by the use of process

modeling to better understsand the causes of changes in the yield of
& Pprocess. ;fheludediin Other Direct Expense Variation is a eol-
lection of Variations which either do not fit under any of the other
categories or is so small in valuée that itfis not deemed;imp0£tant
enough to be made & separate category. 'waever,-due to the in-
;fluence'this-aggregate-categdry exerts upon Operating Variation
it&@@y”be*worthWhile for Other Direct Expense Variation to be
further broken down such that the elements contributing to Vari-
ation can be identified and controlled.

The most significant element of Labor Variation is Direct
Labor Variation. 'ireaking~it down further, the most important

element of Direct Labor Variation is Variation due to "Changes in

Raties-Other than Cost Reduction". This is made up of the difference

between the present rates of pay of the direct employees and the

rates of pay used in establishing the Standard Cost. This difference
1s 'dictated by union contract and upper management poliey.

Material and Other Variation is composed almost entirely of
Development Expense. The correlation is so high, the quantities
studied engaged iﬁ_pi1©t~operatiqns where the: methods and processes

of manufacture were &eveloped_and,then.thefproduct.was transferred to

another'lccatipn-fer pé?manentmanufacturew
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The model developed using variables on which formal weekly

Treports are mov made performed badly in predicting Operating Vari-

~ation. Thus, for the purposes of predict ing and controlling the

monthly Operating Variation the variables on which formal weekly
reports afeiﬁpw‘made are inadequate; Consideration should be given
to-c@llecting“weékly data pertaining to the aforementioned elements
of Expense Variation and Development Expense.

Weekly data might be easier attained about the variables,
Number of Expense Personnel, In Total; Direct Labor Variation; and
Actual Direct Labor Hours-Mdse. Ordérs; When these variables are
combined into a model (E-iS) and the parameters of the model updated
to include the results of the previous month, the model was able to
predict Operating Variation at a 0.20 significance level.

The final conclusion is that it is possible to develop a
predictive model of Operating Variation using a significantly

smaller number of variables than used in the actual calculation of

that qua.ntl ty . uld allow management to
shorten its response time in controll ing Operation Variation. Using

a model of this type; management would have an idea what the month's

Operating Variation was going to be after the first week of the

month. This would allow the proper controls to be applied immedi-
ately to correct the situgtion iffmanagem@nt so desired. Presently,

the plant may operate a full month in ah;undesiﬁdblegmaﬁner%befqre

management receives the month's Operating Variation which will

bring it to their attention.




The sbove conclusions are based on the analysis of a manu-

fagturingfplant engaged in the manufacture of Electron Devices. The

&

plant was engaged in pilot operations where the methods and pro-

cesses of manufacture were developed and théen the product was

transferred to another location for permanent manufacture. These
conclusions may not apply to plants engaged in manufacturing other

Recommendations For Further Stud

Further investigation into modeling Operating Variation should
include the collection of data on other variables which migh't
correlate with Opersting Variation. A model to predict Operating
Variation at a lower level than the total plant would be helpful.
In addition, a control model of Operating Variation rather than &
predictive model will be benefl cial. Operating Variation being
cyclic lends itself to the application of spectral analysis.
Further investigation in any of the above areas would be helpful
to management. In addition, the dévelopment of a predictive model
of the Operating Variation of a plant engaged in manufscturin g

model developed for the plant in this thesis would provide ad-

N e T N TR W Bl e o

ditional insight into Operating Variation.
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