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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 Marketing1 and Operations

Management2, and in various industries such as air travel3, construction4, health care5, and

hospitality6. 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.7

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.”8 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, 2n 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 2n − 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,

states, “. . . managers expect that many of their indirect and support expenses should be

managed or controlled based on actual activity levels during the period”9 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.10 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 ∆z = za−zb. The average of any variable z is calculated as z̄ = (za+zb)/2. The algorithm

is illustrated by the bulleted items using a three-variable product v(w, x, y) = wxy, where w

is a variable attributed to Responsibility Center W, and x 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.

• wb, xb and yb.

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

select a remaining variable.

• Select x.
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3. 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.

• Calculate x variance as (xa − xb)wbyb = ∆xwbyb.

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

calculations.

• xb is updated to xa, wb and yb remain unchanged.

5. 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.

• Select y.

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

the product of the values of the remaining n− 1 variables.

• Calculate y variance as (ya − yb)wbxa = ∆ywbxa.

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

subsequent calculations.

• yb is updated to ya, wb and xa remain unchanged.

8. 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 = ∆wxaya

• Step 7 (second pass): wb is updated to wa, xa and ya remain unchanged.

• Intermediate Model A: x variance = ∆xwbyb, y variance = ∆ywbxa and w

variance = ∆wxaya.
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9. Repeat steps 1 through 8 until all intermediate models have been generated.

• Step 1: wb, xb and yb.

• Step 2: Select y.

• Step 3: Calculate y variance as (ya − yb)wbxb = ∆ywbxb.

• Step 4: yb is updated to ya, wb and xb remain unchanged.

• Step 5: Select x.

• Step 6: x variance = ∆xwbya

• Step 7: xb is updated to xa, wb and ya remain unchanged.

• Step 8:

– Step 5 (second pass): Select w.

– Step 6 (second pass): w variance = ∆wxaya

– Step 7 (second pass): wb is updated to wa, xa and ya remain unchanged.

– Intermediate Model B: x variance = ∆xwbyb, y variance = ∆ywbxa and w

variance = ∆wxaya.

Variable
Intermediate Model

A B

w ∆wxaya ∆wxaya

x ∆xwbyb ∆xwbya

y ∆ywbxa ∆ywbxb

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.
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Variable Model

w
∆wxaya +∆wxaya

2
= ∆w

2xaya
2

= ∆wxaya

x
∆xybwb +∆xyawb

2
= ∆xwb

yb + ya
2

= ∆xwbȳ

y
∆yxawb +∆yxbwb

2
= ∆ywb

xa + xb

2
= ∆ywbx̄

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

Variable

Responsibility Center(s)

W W and X*

w ∆wxa ∆wx̄

x ∆xwb ∆xw̄

v(w, x) waxa − wbxb

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

Variable

Responsibility Center(s)

W W and X W, X and Y*

w ∆wxaya ∆wx̄ya ∆w

(

x̄ȳ +
∆x∆y

12

)

x ∆xwbȳ ∆xw̄ya ∆x

(

w̄ȳ +
∆w∆y

12

)

y ∆ywbx̄ ∆ywbxb ∆y

(

w̄x̄+
∆w∆x

12

)

v(w, x, y) waxaya − wbxbyb

*Also applicable for the case of no responsibility centers.
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TABLE 3
Variance Analysis Models for a Four-Variable Product

Variable

Responsibility Center(s)

W W and X W, X and Y W, X, Y and Z*

w ∆wxayaza ∆wx̄yaza ∆wza

(

x̄ȳ +
∆x∆y

12

)

∆w

(

x̄ȳz̄ +
∆x∆yz̄ +∆xȳ∆z + x̄∆y∆z

12

)

x ∆xwb

(

ȳz̄ +
∆y∆z

12

)

∆xw̄yaza ∆xza

(

w̄ȳ +
∆w∆y

12

)

∆x

(

w̄ȳz̄ +
∆w∆yz̄ +∆wȳ∆z + w̄∆y∆z

12

)

y ∆ywb

(

x̄z̄ +
∆x∆z

12

)

∆ywbxbz̄ ∆yza

(

w̄x̄+
∆w∆x

12

)

∆y

(

w̄x̄z̄ +
∆w∆xz̄ +∆wx̄∆z + w̄∆x∆z

12

)

z ∆zwb

(

x̄ȳ +
∆x∆y

12

)

∆zwbxbȳ ∆zwbxbyb ∆z

(

w̄x̄ȳ +
∆w∆xȳ +∆wx̄∆y + w̄∆x∆y

12

)

v(w, x, y, z) waxayaza − wbxbybzb

*Also applicable for the case of no responsibility centers.



Variance Analysis for Responsibility Centers 9

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 c, labor rate l, unit price p, quantity sold q,

production time t, usage u and exchange rate x: π(c, l, p, q, t, u, x) = pq − (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 ∆pq̄

Unit Cost, c −∆c

(

q̄ū+
∆q∆u

12

)

Usage, u −∆u

(

c̄q̄ +
∆c∆q

12

)

Labor Rate, l −∆l

(

t̄q̄x̄+
∆t∆qx̄+∆tq̄∆x+ t̄∆q∆x

12

)

Production Time, t −∆t

(

l̄q̄x̄+
∆l∆qx̄+∆lq̄∆x+ l̄∆q∆x

12

)

Exchange Rate, x −∆x

(

l̄t̄q̄ +
∆l∆tq̄ +∆lt̄∆q + l̄∆t∆q

12

)

Quantity Sold, q ∆q

(

p̄−

(

c̄ū+
∆c∆u

12
+ l̄t̄x̄+

∆l∆tx̄+∆lt̄∆x+ l̄∆t∆x

12

))

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.
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TABLE 5
Variance Analysis Model for Two-Product Profit

Variable Variance

Unit Price 1, p1 ∆p1q̄1

Unit Cost 1, c1 −∆c1

(

q̄1ū1 +
∆q1∆u1

12

)

Usage 1, u1 −∆u1

(

c̄1q̄1 +
∆c1∆q1

12

)

Labor Rate 1, l1 −∆l1

(

t̄1q̄1x̄+
∆t1∆q1x̄+∆t1q̄1∆x+ t̄1∆q1∆x

12

)

Production Time 1, t1 −∆t1

(

l̄1q̄1x̄+
∆l1∆q1x̄+∆l1q̄1∆x+ l̄1∆q1∆x

12

)

Quantity Sold 1, q1 ∆q1

(

p̄1 −

(

c̄1ū1 +
∆c1∆u1

12
+ l̄1t̄1x̄+

∆l1∆t1x̄+∆l1t̄1∆x+ l̄1∆t1∆x

12

))

Unit Price 2, p2 ∆p2q̄2

Unit Cost 2, c2 −∆c2

(

q̄2ū2 +
∆q2∆u2

12

)

Usage 2, u2 −∆u2

(

c̄2q̄2 +
∆c2∆q2

12

)

Labor Rate 2, l2 −∆l2

(

t̄2q̄2x̄+
∆t2∆q2x̄+∆t2q̄2∆x+ t̄2∆q2∆x

12

)

Production Time 2, t2 −∆t2

(

l̄2q̄2x̄+
∆l2∆q2x̄+∆l2q̄2∆x+ l̄2∆q2∆x

12

)

Quantity Sold 2, q2 ∆q2

(

p̄2 −

(

c̄2ū2 +
∆c2∆u2

12
+ l̄2t̄2x̄+

∆l2∆t2x̄+∆l2t̄2∆x+ l̄2∆t2∆x

12

))

Exchange Rate, x −∆x

(

l̄1t̄1q̄1 +
∆l1∆t1q̄1 +∆l1t̄1∆q1 + l̄1∆t1∆q1

12
+ l̄2t̄2q̄2 +

∆l2∆t2q̄2 +∆l2t̄2∆q2 + l̄2∆t2∆q2

12

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

Variable Budgeted Actual Variance

Unit Price 1, p1 50.00 55.00 $562.50

Unit Cost 1, c1 1.00 1.10 ($21.92)

Usage 1, u1 2.00 1.90 $11.83

Labor Rate 1, l1 1.00 1.20 ($134.53)

Production Time 1, t1 2.00 1.80 $78.48

Quantity Sold 1, q1 100 125 $1096.91

Unit Price 2, p2 75.00 70.00 ($950.00)

Unit Cost 2, c2 2.00 1.90 $58.93

Usage 2, u2 3.00 3.20 ($74.07)

Labor Rate 2, l2 4.00 3.70 $935.64

Production Time 2, t2 5.00 5.40 ($921.26)

Quantity Sold 2, q2 180 200 $68.51

Exchange Rate, x 3.00 3.30 ($1211.09)

Notes

1Mitchell, T. & Olsen, H. (2003). Marketing control: Exogenous aspects of price variance. Journal

of Business & Economics Research, 1 (12), 23–32. Mitchell, T. & Thomas, M. (2005). Can variance

analysis make media marketing managers more accountable? Management Accounting Quarterly, 7 (1),

51–61. Thomas, M. & Mitchell, T. (2009). The need for a new Accounting variance model to evaluate sales

performance. International Handbook of Academic Research and Teaching, 5, 2–11.

2Dopuch, N. (1993). A perspective on cost drivers. The Accounting Review, 68 (3), 615–620. Roehm, H.,

Weinstein, A. L. & Castellano, J. F. (2000). Management control systems: How SPC enhances budgeting

and standard costing. Management Accounting Quarterly, 2 (1), 34–40. Wilke, T. J. (2005). The project

cost variance analysis model: A project management tool. The Journal of Cost Analysis & Management, 7

(1), 13–23. Thomas, M. F. & Mackey, J. (2006). Supply chain management: Monitoring strategic partnering

contracts with activity-based measures. Management Accounting Quarterly, 8 (1), 1-10. Bukovinsky, D. &
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Accounting Quarterly, 15 (1), 11–20. Grasso, L. P. & Tyson, T. (2021). Management accounting systems

and performance measurement at lean companies. Management Accounting Quarterly, 22 (4), 1–14.

3Mudde, P. A. & Sopariwala, P. E. (2008). Examining southwest airlines’ strategic execution: A strategic

variance analysis. Management Accounting Quarterly, 9 (4), 20–32.

4Gorecki, J. & Diaz-Madronero, M. (2020). Who risks and wins?—Simulated cost variance in sustainable

construction projects. Sustainability, 12 (8), 1-31.

5Bai, Ge. (2016). Applying variance analysis to understand California hospitals’ expense recovery status

by patient groups. Accounting Horizons, 30 (2), 211–223.

6Milani, K. & Perri, A. (2013). Managing meal costs: Variance generation, analysis, and interpretation.

Management Accounting Quarterly, 14 (4), 1–11.

7Sorochuk, C. M., Vinroot, C. R. & Leemis, L. M. (2023). Budget Variance Analysis of n-Variable
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Sorochuk, C. M., Wilck, J. H & Leemis, L. M. (2023). Budget Variance Analysis for Various Numbers and

Combinations of Responsibility Centers. Management Accounting Quarterly, TBD (TBD), TBD–TBD.

8Young, D. W. (2013). Note on flexible budgeting and variance analysis, HBSP product number TCG318.

Harvard Business School Publishing.

9Kaplan, R. S. (2004). Variance analysis and flexible budgeting, HBS no. 9-101-039. Harvard Business

School Publishing.

10Tang, C. Y. & Davis, H. (2000). Analyzing activity cost variances. Advances in Management Accounting,

9, 171–188.
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