CHAPTER 10

DETERMINING HOW COSTS BEHAVE
Note – I have put the solutions to Question 28. Although I did not give the question previously, I should have. I am therefore strongly recommending that you attempt this question. It will help you to distinguish between the two types of learning curve models i.e. Cumulative average and incremental average.
10-4
No.  High correlation merely indicates that the two variables move together in the data examined.  It is essential to also consider economic plausibility before making inferences about cause and effect.  Without any economic plausibility for a relationship, it is less likely that a high level of correlation observed in one set of data will be similarly found in other sets of data.

10-5
Four approaches to estimating a cost function are:

1.
Industrial engineering method.

2.
Conference method.

3.
Account analysis method.

4.
Quantitative analysis of current or past cost relationships.

10-9
Causality in a cost function runs from the cost driver to the dependent variable.  Thus, choosing the highest observation and the lowest observation of the cost driver is appropriate in the high-low method.

10-11
A learning curve is a function that measures how labor-hours per unit decline as units of production increase because workers are learning and becoming better at their jobs.  Two models used to capture different forms of learning are:

1.
Cumulative average-time learning model.  The cumulative average time per unit declines by a constant percentage each time the cumulative quantity of units produced doubles.

2.
Incremental unit-time learning model.  The incremental time needed to produce the last unit declines by a constant percentage each time the cumulative quantity of units produced  doubles.

10-17
(15 min.)    Identifying variable-, fixed-, and mixed-cost functions.
1.
See Solution Exhibit 10-17.

2.
Contract 1:  y = $50


Contract 2:  y = $30 + $0.20X

Contract 3:  y = $1X


where X is the number of miles traveled in the day.
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Solution Exhibit 10-17

Plots of Car Rental Contracts Offered by Pacific Corp.



10-18
(20 min.)    Various cost-behavior patterns.
1.
K

2.
B

3.
G

4.
J
Note that A is incorrect because, although the cost per pound eventually equals a constant at $9.20, the total dollars of cost increases linearly from that point onward.

5.
I
The total costs will be the same regardless of the volume level.

6.
L

7.
F
This is a classic step-cost function.

8.
K

9.
C

10-21   (30 min.)   Account analysis method.

1. 
Manufacturing cost classification for 2004:

	Account
	Total

Costs

(1)
	% of Total Costs That Is 

Variable

(2)
	Variable

Costs

(3) = (1) ( (2)
	Fixed

Costs

(4) = (1) – (3)
	Unit

Variable

Costs

(5)=(3) ÷ 75,000

	Direct materials

Direct manufacturing labor

Power

Supervision labor

Materials-handling labor

Maintenance labor

Depreciation

Rent, property taxes, admin 
	$300,000

225,000

37,500

56,250

60,000

75,000

95,000

  100,000
	100%

100

100

20

50

40

0

0
	$300,000

225,000

37,500

11,250

30,000

30,000

0

             0
	$          0

0

0

45,000

30,000

45,000

95,000

  100,000
	$4.00

3.00

0.50

0.15

0.40

0.40

0


  0
 

	Total
	$948,750
	
	$633,750
	$315,000
	$8.45


Total manufacturing cost for 2004 = $948,750

10-21 (Cont’d.)

Variable costs in 2005:

	Account
	Unit Variable Cost for 2004

(6)
	Percentage Increase

(7)
	Increase in Variable Costs 

per Unit

(8) = (6) ( (7)
	Unit Variable Cost for 2005

(9) = (6) + (8)
	Total Variable Costs for 2005

 (10) = (9) ( 80,000

	Direct materials

Direct manufacturing labor

Power

Supervision labor

Materials-handling labor

Maintenance labor

Depreciation

Rent, property taxes, admin.
	$4.00

3.00

0.50

0.15

0.40

0.40

0


  0

	5%

10

0

0

0

0

0

0
	$0.20

0.30

0

0

0

0

0


  0

	$4.20

3.30

0.50

0.15

0.40

0.40

0

 
  0

	$336,000

264,000

40,000

12,000

32,000

32,000

0

             0

	Total
	$8.45
	
 
	$0.50
	$8.95
	$716,000


Fixed and total costs in 2005:

	Account
	Fixed Costs

for 2004

(11)
	Percentage

Increase

(12)
	Dollar Increase in Fixed Costs

(13) =

(11) ( (12)
	Fixed Costs

for 2005

(14) =

(11) + (13)
	Variable Costs for 2005

(15)
	Total

Costs

(16) =

(14) + (15)

	Direct materials

Direct manufacturing labor

Power

Supervision labor

Materials-handling labor

Maintenance labor

Depreciation

Rent, property taxes, admin.
	$           0

0

0

45,000

30,000

45,000

95,000

  100,000
	0%

0

0

0

0

0

5

7
	$         0

0

0

0

0

0

4,750

    7,000
	$           0

0

0

45,000

30,000

45,000

99,750

  107,000
	$336,000

264,000

40,000

12,000

32,000

32,000

0

             0
	$  336,000

264,000

40,000

57,000

62,000

77,000

99,750

     107,000

	Total
	$315,000
	
	$11,750
	$326,750
	$716,000
	$1,042,750



Total manufacturing costs for 2005 = $1,042,750

2.
Total cost per unit, 2004
=  
[image: image1.wmf]75,000

$948,750


=  $12.65


Total cost per unit, 2005
=  
[image: image2.wmf]80,000

$1,042,750


=  $13.03

3.
Cost classification into variable and fixed costs is based on qualitative, rather than quantitative, analysis.  How good the classifications are depends on the knowledge of individual managers who classify the costs.  Gower may want to undertake quantitative analysis of costs, using regression analysis on time-series or cross-sectional data to better estimate the fixed and variable components of costs.  Better knowledge of fixed and variable costs will help Gower to better price his products, know when he is getting a positive contribution margin, and to better manage costs.

10-25
(25 min.)
Regression analysis, service company.

1.
Solution Exhibit 10-25 plots the relationship between labor-hours and overhead costs and shows the regression line.

y = $48,271 + $3.93 X

Economic plausibility.  Labor-hours appears to be an economically plausible driver of overhead costs for a catering company.  Overhead costs such as scheduling, hiring and training of workers, and managing the workforce are largely incurred to support labor.


Goodness of fit. The vertical differences between actual and predicted costs are extremely small, indicating a very good fit.  The good fit indicates a strong relationship between the labor-hour cost driver and overhead costs. 


Slope of regression line.  The regression line has a reasonably steep slope from left to right.  Given the small scatter of the observations around the line, the positive slope indicates that, on average, overhead costs increase as labor-hours increase.

2.
The regression analysis indicates that, within the relevant range of 2,500 to 7,500 labor-hours, the variable cost per person for a cocktail party equals:

Food and beverages
$15.00

Labor (0.5 hrs. ( $10 per hour)
5.00

Variable overhead (0.5 hrs ( $3.93 per labor-hour)
    1.97
Total variable cost per person
$21.97
3.
To earn a positive contribution margin, the minimum bid for a 200-person cocktail party would be any amount greater than $4,394.  This amount is calculated by multiplying the variable cost per person of $21.97 by the 200 people.  At a price above the variable costs of $4,394, Bob Jones will be earning a contribution margin toward coverage of his fixed costs.


Of course, Bob Jones will consider other factors in developing his bid including (a) an analysis of the competition––vigorous competition will limit Jones's ability to obtain a higher price (b) a determination of whether or not his bid will set a precedent for lower prices––overall, the prices Bob Jones charges should generate enough contribution to cover fixed costs and earn a reasonable profit, and (c)  a judgment of how representative past historical data (used in the regression analysis) is about future costs.

10-25 (Cont’d.)
Solution Exhibit 10-25
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10-25 Excel Application

	
	
	
	
	
	
	
	
	

	Determining How Costs Behave 

Bob Jones Catering Company
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Original Data
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Month
	Labor-Hours
	Overhead Costs
	
	
	
	
	
	

	January
	 2,500 
	 $55,000 
	
	
	
	
	
	

	February
	 2,700 
	 59,000 
	
	
	
	
	
	

	March
	 3,000 
	 60,000 
	
	
	
	
	
	

	April
	 4,200 
	 64,000 
	
	
	
	
	
	

	May
	 7,500 
	 77,000 
	
	
	
	
	
	

	June
	 5,500 
	 71,000 
	
	
	
	
	
	

	July
	 6,500 
	 74,000 
	
	
	
	
	
	

	August
	 4,500 
	 67,000 
	
	
	
	
	
	

	September
	 7,000 
	 75,000 
	
	
	
	
	
	

	October
	 4,500 
	 68,000 
	
	
	
	
	
	

	November
	 3,100 
	 62,000 
	
	
	
	
	
	

	December
	 6,500 
	 73,000 
	
	
	
	
	
	

	Total
	 57,500 
	 $805,000 
	
	
	
	
	
	


10-25 (Cont’d.)
	
	
	
	
	
	
	
	
	



	10-25 (Cont’d.)
	
	
	
	
	
	
	
	

	Regression Output
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	
	

	Multiple R
	0.980995276
	
	
	
	
	
	
	

	R Square
	0.962351731
	
	
	
	
	
	
	

	Adjusted R Square
	0.958586904
	
	
	
	
	
	
	

	Standard Error
	1447.996847
	
	
	
	
	
	
	

	Observations
	12
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	535949718
	53594971
	255.616459
	1.89126E-08
	
	
	

	Residual
	10
	20966948.69
	2096694.8
	
	
	
	
	

	Total
	11
	556916666.7
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	48270.61812
	1248.716188
	38.65619
	3.20356E-12
	45488.30459
	51052.93166
	45488.30459
	51052.93166

	X Variable 1
	3.92613187
	0.245567266
	15.98800
	1.89126E-08
	3.378973809
	4.473289931
	3.378973809
	4.473289931


10-27 
(20 min.)   Learning curve, cumulative average-time learning model.


The direct manufacturing labor-hours (DMLH) required to produce the first 2, 4, and 8 units given the assumption of a cumulative average-time learning curve of 90%, is as follows:

	Cumulative

Number of Units

(1)
	Cumulative

Average-Time

per Unit

(2)
	
Cumulative


Total Time 


(3) = (1) ( (2) 

	1

2

4

8
	3,000

2,700 (3,000 ( 0.90)

2,430 (2,700 ( 0.90)

2,187 (2,430 ( 0.90)
	3,000

5,400

9,720

17,496


Alternatively, to compute the values in column (2) we could use the formula

10-27 (Cont’d.)

y = aXb
where a = 3,000, X = 2, 4, or 8, and b = – 0.1520, which gives

when X = 2,  y = 3,000 ( 2– 0.1520 = 2,700

when X = 4,  y = 3,000 ( 4– 0.1520 = 2,430

when X = 8,  y = 3,000 ( 8– 0.1520 = 2,187

	
	Variable Costs of Producing

	
	2 Units
	4 Units
	8 Units

	Direct materials $80,000 ( 2; 4; 8

Direct manufacturing labor

   $25 ( 5,400; 9,720; 17,496

Variable manufacturing overhead

   $15 ( 5,400; 9,720; 17,496

Total variable costs
	$160,000

135,000

    81,000
$376,000
	$320,000

243,000

  145,800
$708,800
	$    640,000

437,400

     262,440
$1,339,840


10-28
(20 min.)  Learning curve, incremental unit-time learning model.
1.
The direct manufacturing labor-hours (DMLH) required to produce the first 2, 3, and 4 units, given the assumption of an incremental unit-time learning curve of 90%, is as follows:

	Cumulative

Number 

of Units

(1)
	Individual

 Unit Time

for Xth Unit

(2)
	Cumulative

Total Time

(3) 

	1

2

3

4
	3,000

2,700 (3,000 ( 0.90)

2,539

2,430 (2,700 ( 0.90)
	3,000

5,700

8,239

10,669



Values in column 2 are calculated using the formula y = aXb
where a = 3,000, X = 2, 3, or 4, and b = – 0.1520, which gives

when X = 2,  y = 3,000 ( 2– 0.1520 = 2,700

when X = 3,  y = 3,000 ( 3– 0.1520 = 2,539

when X = 4,  y = 3,000 ( 4– 0.1520 = 2,430

	
	Variable Costs of Producing

	
	2 Units
	3 Units
	4 Units

	Direct materials $80,000 ( 2; 3; 4

Direct manufacturing labor

   $25 ( 5,700; 8,239; 10,669

Variable manufacturing overhead

   $15 ( 5,700; 8,239; 10,669

Total variable costs
	$160,000

142,500

    85,500
$388,000
	$240,000

205,975

  123,585
$569,560
	$ 320,000

266,725

   160,035
$746,760


	2.
	Variable Costs of Producing

	
	2 Units
	4 Units

	Incremental unit-time learning model

    (from requirement 1)

Cumulative average-time learning model

    (from Exercise 10-27)

Difference
	$388,000

  376,000

$  12,000
	$746,760

  708,800

$  37,960



Total variable costs for manufacturing 2 and 4 units are lower under the cumulative average-time learning curve relative to the incremental unit-time learning curve.  Direct manufacturing labor-hours required to make additional units decline more slowly in the incremental unit-time learning curve relative to the cumulative average-time learning curve when the same 90% factor is used for both curves.  The reason is that, in the incremental unit-time learning curve, as the number of units double, only the last unit produced has a cost of 90% of the initial cost.  In the cumulative average-time learning model, doubling the number of units causes the average cost of all the additional units produced (not just the last unit) to be 90% of the initial cost.
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