
CHAPTER 10

DETERMINING HOW COSTS BEHAVE

I.  LEARNING OBJECTIVES
1. Explain the two assumptions frequently used in cost-behavior estimation
2. Describe linear cost functions and three common ways in which they behave

3. Understand various methods of cost estimation
4. Outline six steps in estimating a cost function using quantitative analysis
5. Describe three criteria used to evaluate and choose cost drivers
6. Explain and give examples of nonlinear cost functions
7. Distinguish the cumulative average-time learning model from the incremental unit-time learning model
8. Be aware of data problems encountered in estimating cost functions
II. CHAPTER SYNOPSIS

Chapter 3 discussed cost-volume-profit analysis and the relationship among costs, profits, and activity levels. This chapter presents concepts and methods that can be utilized to analyze mixed costs and to break them into separate fixed and variable components. Managers use cost functions to gain a better understanding of cost behavior.  Cost functions are mathematical formulas that describe how costs behave relative to changes in activity levels.  Two key assumptions often made by managers using cost functions are:

· Changes in activity levels explain changes in total costs.

· Cost behavior in the relevant range can be estimated with a linear function.

The chapter also presents alternative cost functions that do not rely on these two assumptions.  Regression analysis is discussed in greater detail in the appendix.
III.  CHAPTER OUTLINE

Two key assumptions frequently used in cost-behavior estimation are that changes in activity levels explain changes in total costs, and that cost behavior in the relevant range can be estimated with a linear function.  Although the assumptions are not always totally true, in many instances the costs of obtaining a more accurate estimate exceeds the additional benefits of the more accurate estimate.


Cost functions are mathematical expressions of how costs change with changes in activity levels. Managers can often obtain reasonable estimates of cost behavior through the use of a linear cost function.   Linear functions are typically expressed in the format of  “y = a + bX.”   The letter “y” represents total costs, the letter “a” represents fixed costs, and the letter “b” represents the variable cost per unit (X) of activity.  Costs are typically classified into variable costs, fixed costs, or mixed (semivariable) costs.  Managers must consider such aspects as the choice of cost object, the time horizon, and the relevant range when classifying costs.

(Exhibit 10-1 displays examples of linear cost functions.)
(Exhibit 10-2 illustrates linearity within a relevant range.)

Do Chapter Quiz #1.

Assign Exercises 10-18 PHGA and 10-19.

Managers use cost estimation techniques to analyze past cost behavior as a means for predicting future costs and cost behavior. More accurate cost predictions improve the quality of managerial decisions, but accurate cost prediction requires that managers correctly identify the factors that affect costs.  

The most important criteria in estimating costs is that there is a cause-and-effect relationship between the cost being analyzed and the level of activity.  Four common cost estimation approaches are the industrial engineering method, the conference method, the account analysis method, and the quantitative analysis method.

Do Chapter Quiz #2.

Assign Exercises 10-20 PHGA and 10-21.


Quantitative analysis involves use of mathematical cost functions to determine past relationships between costs and activity levels as a means for predicting future costs and cost behavior.  Quantitative analysis can be done using simple Excel® spreadsheets or through the use of sophisticated statistical modeling software packages.  The six steps for estimating a simple cost function using quantitative analysis are as follows:

1. Choose the dependent variable (cost being estimated or predicted).

2. Identify the independent variable (cost driver).

3. Collect data on the dependent and independent variables.
4. Plot the data.
5. Estimate the cost function.
6. Evaluate the cost driver of the estimated cost function.
(Exhibits 10-3 and 10-4 display dependent and independent variable data sets and plots of the data.)
(Exhibits 10-5 and 10-6 illustrate the high-low and regression analysis methods.)
Do Chapter Quizzes #3,  #4, and #5.       Assign Exercises 10-16, 10-17 PHGA and 10-22 to 10-25; 




                 Problems 10-27 EXCEL and 10-30.

 

The choice of cost driver is critical to correctly estimating a cost function and predicting future costs and cost behavior.  Managers need to have a good understanding of operations and cost accounting principles in order to choose the correct cost drivers.  Three criteria used to evaluate and choose cost drivers are economic plausibility, goodness of fit, and significance of independent variable.  
(Exhibits 10-7 and 10-8 illustrate the use of alternative cost drivers for cost estimation purposes.)
Do Chapter Quiz #6.      
 Assign Problem 10-33 PHGA.


Costs are typically classified as fixed, variable, or mixed costs.  Linear cost functions assume that both fixed and variable costs do not change within the relevant range and time period.  In reality, cost functions are not always linear.  Economies or diseconomies of scale can result in variable cost per unit changing as activity levels change. An example of this would be when quantity discounts reduce the materials cost per unit as quantities increase. Similarly, fixed costs may increase as activity levels increase due to the need for additional resources to accommodate additional output. An example of this would be the need for increased warehouse or manufacturing space in order to store or produce the increased output.  As described in the next section, improvements in worker productivity also cause a nonlinear cost function.

(Exhibit 10-9 displays the effect of quantity discounts and nonlinear cost functions.)

Workers experience a learning curve as they are introduced to and become more efficient at a process.  This change in productivity (variable cost) also causes a nonlinear cost function.  Managers use learning-curve models such as the cumulative average-time learning model and the incremental unit-time learning model to predict how labor costs will increase as more units are produced.  The cumulative average-time learning model is based on a reduction in total or cumulative production time as quantity doubles; the incremental unit-time model is based on a reduction in per-unit or incremental production time as quantity doubles.

(Exhibit 10-10 illustrates the cumulative average-time learning model.)
(Exhibit 10-11 illustrates the incremental average-time learning model.)
(Exhibits 10-12 and 10-13 plot costs using learning curves at Rayburn Corporation.)
Do Chapter Quizzes #7, #8, and #9.
Assign Exercises 10-28 PHGA, EXCEL and  


            10-29 PHGA, EXCEL; Problems 10-35 EXCEL and 10-36 EXCEL.

Managers need to be careful about a number of issues that can affect the reliability and validity of cost function estimates.  First, the database relied upon for cost estimation purposes should have several reliable data points.  Estimates based on limited data are not as reliable as estimates that involve more cost and activity measurements.  Second, the data relied upon for cost estimation purposes should span as wide a range of activity as possible.  Using a small subset of data for cost estimation purposes may result in assumptions that are invalid outside of the range covered by the data subset. Additionally, care needs to be taken that the time period used for measuring costs represents the time period used for measuring cost-driver activity.  A number of other data integrity and reliability issues can also affect the quality of both the underlying data and the resulting cost estimates.

Do Chapter Quiz #10.

IV.
CHAPTER 10 QUIZ
1. A mixed cost function has a constant component of $20,000.  If the total cost is $60,000 and the independent variable has the value 200, what is the value of the slope coefficient?

a.  $200


b.  $400


c.  $600



d.  $40,000

2. [CMA Adapted]  Of the following methods, the one that would not be appropriate for analyzing how a specific cost behaves is

a. the scattergraph method.

b. the industrial engineering approach.

c. linear programming.

d. statistical regression analysis.

3. When the high-low method is used to estimate a cost function, the variable cost per unit is found by

a. performing regression analysis on the associated cost and cost driver database.

b. subtracting the fixed cost per unit from the total cost per unit based on either the highest or lowest observation of the cost driver.

c. dividing the difference between the highest and lowest observations of the cost driver by the difference between costs associated with the highest and lowest observations of the cost driver.

d. dividing the difference between costs associated with the highest and lowest observations of the cost driver by the difference between the highest and lowest observations of the cost driver.

The following data apply to questions 4 and 5.
Tory Company derived the following cost relationship from a regression analysis of its monthly manufacturing overhead cost.


y = $80,000 + $12X

where:
y = monthly manufacturing overhead cost







X = machine-hours


The standard error of estimate of the regression is $6,000.

The standard time required to manufacture one six-unit case of Tory’s single product is four machine-hours.  Tory applies manufacturing overhead to production on the basis of machine-hours, and its normal annual production is 50,000 cases.

4. [CMA Adapted]  Tory’s estimated variable manufacturing overhead cost for a month in which scheduled production is 10,000 cases would be

a.  $80,000.


b.  $480,000.

c.  $160,000.


d.  $320,000.

5. [CMA Adapted]  Tory’s predetermined fixed manufacturing overhead rate would be

       a.  $4.80/MH.

b.  $4.00/MH.

c.  $3.20/MH.


d.  $1.60/MH.

6. Three criteria to use in identifying cost drivers from the potentially large set of independent variables that can be included in a regression model are

a. goodness of fit, size of the intercept term, and specification analysis.  

b. independence between independent variables, economic plausibility, and specification analysis.

c. economic plausibility, goodness of fit, and significance of independent variable.

d. spurious correlation, expense of gathering data, and multicollinearity.

7. Companies that take advantage of quantity discounts in purchasing their materials have

a. decreasing cost functions.

b. linear cost functions.

c. nonlinear cost functions.

d. stationary cost functions.

The following data apply to questions 8 and 9.
Stone Isle Manufacturing recently completed and sold an order of 50 units having the following costs:



Direct materials




$  1,500



Direct labor (1,000 hours @ $8.50)

    8,500



Variable overhead (1,000 hours @ $4.00)¹
    4,000



Fixed overhead²




    1,400








$15,400
¹Allocated on the basis of direct labor-hours.

²Allocated at the rate of 10% of variable cost.

The company has now been requested to prepare a bid for 150 units of the same product.

8. [CMA Adapted]  If an 80% learning curve is applicable, Stone Isle’s total cost on this order would be estimated at

a.  $26,400.


b.  $31,790.


c.  $37,950.

d.  $38,500.

9. [CMA Adapted]  If Stone Isle had experienced a 70% learning curve, the bid for the 150 units would

a. show a 30%  reduction in the total direct labor-hours required with no learning curve.

b. include 6.40 direct labor-hours per unit at $8.50 per hour.

c. include 1,404 total direct labor-hours at $8.50 per hour.

d. be 10% lower than the total bid at an 80% learning curve.

10. Which of the following is not a common problem encountered in collecting data for cost estimation?

a. Lack of observing extreme values

b. Missing data

c. Changes in technology

d. Distortions resulting from inflation

CHAPTER 10 QUIZ SOLUTIONS:
1. A   2. C   3. D  4. B   5. D    

6. C   7. C   8. A  9. B    10. A
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Explain the two assumptions frequently used in cost-behavior estimation.





























LEARNING OBJECTIVE #2:





Describe linear cost functions and three common ways in which they behave.
































LEARNING OBJECTIVE #3:





Understand various approaches to cost estimation.
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LEARNING OBJECTIVE #4:





Outline six steps in estimating a cost function using quantitative analysis.























LEARNING OBJECTIVE #5:





Describe three criteria used to evaluate and choose cost drivers.























LEARNING OBJECTIVE #6:





Explain and give examples of nonlinear cost functions.


























LEARNING OBJECTIVE #7:





Distinguish the cumulative average-time learning model from the 


incremental unit-time learning model.























LEARNING OBJECTIVE #8:





Be aware of data problems encountered in estimating cost functions.
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