Seton Hall University

eRepository @ Seton Hall

Department of Computing and Decision Department of Computing and Decision
Sciences Faculty Publications Sciences
8-16-2023

Generating Variance Analysis Models Based on Responsibility
Centers

Craig M. Sorochuk

Follow this and additional works at: https://scholarship.shu.edu/comp-decision-sciences-faculty-pubs

b Part of the Accounting Commons, Business Analytics Commons, and the Management Sciences and

Quantitative Methods Commons


https://scholarship.shu.edu/
https://scholarship.shu.edu/comp-decision-sciences-faculty-pubs
https://scholarship.shu.edu/comp-decision-sciences-faculty-pubs
https://scholarship.shu.edu/comp-decision-sciences
https://scholarship.shu.edu/comp-decision-sciences
https://scholarship.shu.edu/comp-decision-sciences-faculty-pubs?utm_source=scholarship.shu.edu%2Fcomp-decision-sciences-faculty-pubs%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/625?utm_source=scholarship.shu.edu%2Fcomp-decision-sciences-faculty-pubs%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1398?utm_source=scholarship.shu.edu%2Fcomp-decision-sciences-faculty-pubs%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/637?utm_source=scholarship.shu.edu%2Fcomp-decision-sciences-faculty-pubs%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/637?utm_source=scholarship.shu.edu%2Fcomp-decision-sciences-faculty-pubs%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages

Generating Variance Analysis Models Based on
Responsibility Centers
by

Craig M. Sorochuk

1. INTRODUCTION

A ubiquitous Accounting tool for tracking various business performance metrics (cost, ef-
ficiency, productivity, profit, revenue, etc.), variance analysis is the study of the difference
between budgeted (also known as planned or standard) and actual numbers in a single period.
Its application can be commonly found in disciplines including Marketing! and Operations
Management?, and in various industries such as air travel®, construction?, health care’, and
hospitality®. This document presents an algorithm for generating variance analysis mod-
els based on responsibility centers (i.e., accountable decision makers or managers). Further

discussion of this approach can be found in publication.”

2. MODEL GENERATION

We build our models based on two generally-held premises of budget variance analysis. First,
“...it is important to designate the portion of the total variance that is attributable to each
manager.”® In other words, models should be a function of the number and combination of
responsibility centers. To account for the possibility that for an n-variable product there
may be any of 0, 1,2, ..., n responsibility centers, n+ 1 general-form models (i.e., one for zero
responsibility centers, one for one responsibility center, etc.) can be generated. More specif-

ically, 2" models can be generated accounting for all possible combinations of n variables,
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each of which is or is not attributed to a responsibility center. The zero- and n-responsibility
center models are the same. Therefore, for an n-variable product there are 2" — 1 unique,
final models. We are unaware of any existing models derived explicitly from this premise.
Second, a flexible budget is an estimate of what revenue and costs should have been, had the
manager(s) known the actual value of variables not assigned to their respective responsibil-
ity center(s) in advance. Robert Kaplan, a leading expert on the topic of variance analysis,

[13

states, . managers expect that many of their indirect and support expenses should be
managed or controlled based on actual activity levels during the period”® We refer to this
as “Kaplan’s premise.” Given this, our models are generated such that the variance of a
variable that is attributed to a responsibility center will be calculated using the actual value
of the variable(s) not attributed to a responsibility center. A corollary is that the variance of
a variable that is not attributed to a responsibility center will be calculated using the bud-
geted value of the variable(s) that is (are) attributed to a responsibility center. Note that
there may be cases where the latter premise is debatable, such as demand being a function
of price. It may not be reasonable to expect a sales department to meet its respective budget
of units sold if selling price increases. That said, we adopt Kaplan’s premise, acknowledge

circumstances under which it may not be appropriate and address the concern in separate

work.

In generating the most commonly-used revenue variance model, quantity variance is
calculated using the budgeted value of price. The quantity variable is then “flexed” from
its budgeted to actual value to calculate price variance. (Considering Kaplan’s premise, this
suggests that there is a responsibility center for setting unit price, but not one for sales.)
Thus, with a two-variable product, there is one flexing step. It is easy to show that for an
n-variable product there will be n — 1 flexing steps. In generating our models, we follow
the general procedure of calculating a variance, flexing the respective variable, calculating

another variance, flexing the respective variable, etc., until all variances have been calculated.

Note that for a two-variable product with one responsibility center there will be only
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one model that satisfies the above requirements. For all other cases of n > 2, there will
be multiple possible models resulting from the different orders in which the variances are
calculated and variables are flexed. In these cases the final model is calculated as the average
of all the possible applicable models. This addresses an outstanding issue related to the order
in which variables are flexed to generate a model.'® We assume no preference for the order
in which variables are flexed, other than all those not assigned to a responsibility center are

flexed before all those that are.

3. ALGORITHM FOR GENERATING MODELS

Here we provide our algorithm used to generate the budget variance analysis models for an
n-variable product. Generally, the algorithm begins with all variables set to their budgeted
values. It progressively alters each variable (those of non-responsibility centers first) to its
actual value once the respective variance has been calculated. Variables are indicated by
lower-case letters. Where applicable, a variable’s respective responsibility center is indicated
by the same upper-case letter. Each variable can take on two values, actual and budgeted
(denoted by subscripts a and b, respectively). The difference of any variable z is calculated
as Az = z,—z,. The average of any variable z is calculated as Z = (z,+23)/2. The algorithm
is illustrated by the bulleted items using a three-variable product v(w, z,y) = wxy, where w
is a variable attributed to Responsibility Center W, and = and y are variables that are not

attributed to a responsibility center.

1. Begin a new intermediate model with all variables taking on their respective budgeted

values.
o wy, xp and .

2. Select a variable that is not attributed to a responsibility center. If there are none,

select a remaining variable.

e Seclect z.
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. For the selected variable, calculate its variance as its difference multiplied by the prod-

uct of the budgeted values of the remaining n — 1 variables.
e Calculate = variance as (z, — xp)wpYp = ATWyYp-

. Update the value of the selected variable to its actual value, to be used in subsequent

calculations.
e 1, is updated to x,, w, and y, remain unchanged.

. Select a variable that is not attributed to a responsibility center whose variance has not
yet been calculated. If there are none, select a remaining variable for which a variance

has not yet been calculated.
e Select y.

. For this newly-selected variable, calculate its variance as its difference multiplied by

the product of the values of the remaining n — 1 variables.
e Calculate y variance as (y, — yp)WpTo = Aywpx,.

. Update the value of the newly-selected variable to its actual value, to be used in

subsequent calculations.
e 1y, is updated to y,, wp and x, remain unchanged.

. Repeat steps 5 through 7 until a variance has been calculated for each variable. This

set of variances comprises the given intermediate model.

Step 5 (second pass): select w.

Step 6 (second pass): w variance = Awz,y,

Step 7 (second pass): w, is updated to w,, x, and y, remain unchanged.

Intermediate Model A: x variance = Azwyy,, y variance = Aywyxr, and w

variance = Aw,Y,.
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9. Repeat steps 1 through 8 until all intermediate models have been generated.

e Step 1: wy, x, and y,.

e Step 2: Select y.

e Step 3: Calculate y variance as (y, — yp)wWpTy = Aywyp.
e Step 4: y, is updated to y,, w, and x;, remain unchanged.
e Step 5: Select .

e Step 6: x variance = Azwyy,

e Step 7: xp is updated to x,, wp and y, remain unchanged.
e Step &:

— Step 5 (second pass): Select w.
— Step 6 (second pass): w variance = Awz,y,
— Step 7 (second pass): wy is updated to w,, z, and y, remain unchanged.

— Intermediate Model B: = variance = Axwyyp, y variance = Aywyx, and w

variance = Awx,Y,.

10. For each variable, calculate its variance as the average of its respective variances from

the intermediate models. The set of the variances comprises the final model.

Intermediate Model
Variable
A B
w Awzay, Awr,y,
T Azwyys Arwyy,
Yy Aywypx, Aywyay
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Variable Model
A aYa A aYa 2 aJa
w Wal ;— Wal = Aw it = Awz,y,
A A a a
. TYpWp + ATY,Wp _ Awayb + — Azwyg
2 2
Ayz,wy, + Ayxyw, Ty + Tp ~
Y 5 = Aywy, 5 = AywyT

4. RESULTS

Here we provide the models for n = 2, 3 and 4 variables, generated using the algorithm
above. See Tables 1, 2 and 3.

TABLE 1
Variance Analysis Models for a Two-Variable Product

Responsibility Center(s)
Variable W W and X*
w Awzx, AwT
z Azwy Azw
v(w, x) WLy — WpTh

*Also applicable for the case of no responsibility centers.
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TABLE 2
Variance Analysis Models for a Three-Variable Product

Responsibility Center(s)

Variable W W and X W, X and Y*
w Awzeye | Awy, Aw (jg n Aﬂlfﬁy)
T Azwyg | Aziye | Ax (wy N A%Ay)
Yy Ayw,T Aywyz) Ay (u‘mﬁ n A@f?m)

'U(U), x, y) WalqlYa — WpTpYp

*Also applicable for the case of no responsibility centers.



TABLE 3

Variance Analysis Models for a Four-Variable Product

Responsibility Center(s)

Variable %% W and X W, X and Y W, X, Y and Z*
AzA AzA AzyA TAyA
w AWTYaZa Awxy,z, | Awz, | Ty + T2y Aw | zyz + TAYZ + ATYAL + TAYAZ
12 12
AyA AwA AwA AwyA AyA
T Azxwy | YZ + yoz Axwy,z, | Axz, | Wy + vy Az | wyz + WAYZ + AWYAZ + WAYAZ
12 12 12
_ AzAz B B AwAzx __ AwAzxzZ 4+ AwzAz + wAxAz
Y Aywy | TZ + Aywpryz | Ayz, | 0T + Ay | wzz +
12 12 12
AzxA AwA AwzA Az A
z Azwy (i:g + TQ y) Azwyryy Azwyzpyp Az (’U_}__ WALy + wlx yt+wor y)
v(w, x,y, 2) WaTqlYaZa — WHTpYp2b

*Also applicable for the case of no responsibility centers.

ynyooLog “py broay)
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5. EXAMPLE

Here we provide a numerical example using two products. For each product, profit is cal-
culated as total revenue (two-variable) minus total spending (three-variable direct materials
plus four-variable direct labor), with unit cost ¢, labor rate [, unit price p, quantity sold ¢,
production time ¢, usage u and exchange rate z: 7(c,l,p,q,t,u,z) = pqg — (cuq + ltqx). We
use the same exchange rate for the two products. Each variable is assigned to a responsibil-
ity center and therefore we use the right-most column in each of Tables 1, 2 and 3 for each

variable’s respective variance. We begin with the model for a single product. See Table 4.

TABLE 4
Variance Analysis Model for Single-Product Profit

Variable Variance

Unit Price, p Apg

AgA
Unit Cost, ¢ _ A (cjﬂ n q u)

AcA
Usage, u “Au (cq—|— c q)

12
Labor Rate, [ —Al (tcﬁ* + AtAqr + AthQAx + tAqAx)
Production Time, ¢ At (_(j_ + AlAgz + Alfﬁﬁ + ZAC]AI)
— AIAtG + AltAq + IAtA
Exchange Rate, x —Azx <ltq+ q+ = q+ Q>
AcA — AIAtT + AltAz + IAtA

Note that as quantity sold appears in three terms in the profit function, its variance in-
corporates all the other variables in those three terms. For variables that appear in the profit

function following a negative sign (unit cost, usage, etc.), the respective variance calculation
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is given a negative sign as well. This corresponds to the variance being unfavorable if the
variable’s actual value is greater than its budgeted value.

Next, we incorporate the second product. Subscripts 1 and 2 denote the respective
product. See Table 5.

Note that since exchange rate is common to the direct labor spending of both products,
its variance incorporates labor rate, production time and quantity sold of both products.

To complete the numerical example, see Table 6. Shown are the values of the parameters

and the resulting variances found using the model in Table 5.



TABLE 5

Variance Analysis Mode

1 for Two-Product Profit

Variable Variance
Unit Price 1, p; Apid
Agi A
Unit Cost 1, ¢; —Acy ((flﬂl 4 qizul)
Aci A
Usage 1, uq ~Auy (leh n 012 Q1)

Labor Rate 1, Iy

Production Time 1, ¢y

Quantity Sold 1, ¢1

Unit Price 2, ps

Unit Cost 2, co

Usage 2, us

Labor Rate 2, I,

Production Time 2, to

Quantity Sold 2, g2

Exchange Rate, x

—Aly (L‘1Q1$

— Aty <l1(]1$ +

AtlAqlf + Atlclex + flAqlAll?
+ 12

AllAqlﬂ_L' + AllqlAI + llAqlA.I?)
12

AciAuy - ALABHT + Al Az + AL Az
Agq (pl - (C1u1 + 7112 ! Ltiz+ 1= 11; 1= ))
Apada
__ AgAuy
—Acy (Q2U2 + 12)
Acy A
—Aug (CQQQ + i2 q2)

_ AtaAgeT + Atogo Az + T2 Aga A
Al (Fagoz + 22 2T + At2@2 AT + oA AT
12
. AlaAgoT + Alago A oA A
Al (Lgpr + 22 2T + Alo@a AT + la A AT
12
Acs A _ AlyAtoZ 4+ Algto Az + loAts A
Aqa <]52—(52ﬂ2+0212w lotaZ + 202t 21; T 20h ac))
_— AL AtLG + AL A LAt A . AloAtags + Alato A Is Aty A
—Ax(lltltjl+ 181141 + 1112 q1 + (1A% Q1+l2t2(jg—|— 2Q%2q2 + 2122 q2 + L2 Aty (]2>

suaquay) fignqisuodsay] 4of s1sipuy 20unIIDA

1T
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TABLE 6
Variance Analysis Parameters and Results for Two-Product Profit

Variable Budgeted Actual Variance
Unit Price 1, py 50.00 55.00 $562.50
Unit Cost 1, ¢ 1.00 1.10 ($21.92)
Usage 1, uy 2.00 1.90 $11.83
Labor Rate 1, [; 1.00 1.20 ($134.53)
Production Time 1, t; 2.00 1.80 $78.48
Quantity Sold 1, ¢ 100 125 $1096.91
Unit Price 2, ps 75.00 70.00 ($950.00)
Unit Cost 2, ¢y 2.00 1.90 $58.93
Usage 2, us 3.00 3.20 ($74.07)
Labor Rate 2, [y 4.00 3.70 $935.64
Production Time 2, t5 5.00 5.40 ($921.26)
Quantity Sold 2, ¢o 180 200 $68.51
Exchange Rate, 3.00 3.30 ($1211.09)
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