
Chapter 6

Cost-Volume-Profit Relationships

Solutions to Questions

6-1
The contribution margin (CM) ratio is the ratio of the total contribution margin to total sales revenue. It can be used in a variety of ways. For example, the change in total contribution margin from a given change in total sales revenue can be estimated by multiplying the change in total sales revenue by the CM ratio. If fixed costs do not change, then a dollar increase in contribution margin will result in a dollar increase in net operating income. The CM ratio can also be used in break-even analysis. Therefore, knowledge of a product’s CM ratio is extremely helpful in forecasting contribution margin and net operating income.

6-2
Incremental analysis focuses on the changes in revenues and costs that will result from a particular action.

6-3
All other things equal, Company B, with its higher fixed costs and lower variable costs, will have a higher contribution margin ratio than Company A. Therefore, it will tend to realize a larger increase in contribution margin and in profits when sales increase. 

6-4
Operating leverage measures the impact on net operating income of a given percentage change in sales. The degree of operating leverage at a given level of sales is computed by dividing the contribution margin at that level of sales by the net operating income at that level of sales.

6-5
The break-even point is the level of sales at which profits are zero. It can also be defined as the point where total revenue equals total cost or as the point where total contribution margin equals total fixed cost.

6-6
Three approaches to break-even analysis are (a) the graphical method, (b) the equation method, and (c) the contribution margin method. 


In the graphical method, total cost and total revenue data are plotted on a graph. The intersection of the total cost and the total revenue lines indicates the break-even point. The graph shows the break-even point in both units and dollars of sales.


The equation method uses some variation of the equation Sales = Variable expenses + Fixed expenses + Profits, where profits are zero at the break-even point. The equation is solved to determine the break-even point in units or dollar sales.


In the contribution margin method, total fixed cost is divided by the contribution margin per unit to obtain the break-even point in units. Alternatively, total fixed cost can be divided by the contribution margin ratio to obtain the break-even point in sales dollars.

6-7
(a) If the selling price decreased, then the total revenue line would rise less steeply, and the break-even point would occur at a higher unit volume. (b) If the fixed cost increased, then both the fixed cost line and the total cost line would shift upward and the break-even point would occur at a higher unit volume. (c) If the variable cost increased, then the total cost line would rise more steeply and the break-even point would occur at a higher unit volume.

6-8
The margin of safety is the excess of budgeted (or actual) sales over the break-even volume of sales. It states the amount by which sales can drop before losses begin to be incurred.

6-9
The sales mix is the relative proportions in which a company’s products are sold. The usual assumption in cost-volume-profit analysis is that the sales mix will not change.


6-10
A higher break-even point and a lower net operating income could result if the sales mix shifted from high contribution margin products to low contribution margin products. Such a shift would cause the average contribution margin ratio in the company to decline, resulting in less total contribution margin for a given amount of sales. Thus, net operating income would decline. With a lower contribution margin ratio, the break-even point would be higher because more sales would be required to cover the same amount of fixed costs.

Exercise 6-10 (30 minutes)

	
1.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	$40Q
	=
	$28Q + $150,000 + $0

	
	$12Q
	=
	$150,000

	
	Q
	=
	$150,000 ÷ $12 per unit

	
	Q
	=
	12,500 units, or at $40 per unit, $500,000




Alternatively:
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or, at $40 per unit, $500,000.


2.
The contribution margin at the break-even point is $150,000 since at that point it must equal the fixed expenses.

	3.
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	Total
	Unit

	Sales (14,000 units × $40 per unit)

	$560,000
	$40

	Variable expenses 
(14,000 units × $28 per unit)

	 392,000
	 28

	Contribution margin 
(14,000 units × $12 per unit)

	168,000
	$12

	Fixed expenses

	 150,000
	

	Net operating income

	$ 18,000
	


Exercise 6-10 (continued)


4.
Margin of safety in dollar terms:
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Margin of safety in percentage terms:
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5.
The CM ratio is 30%.

	Expected total contribution margin: $680,000 × 30%

	$204,000

	Present total contribution margin: $600,000 × 30%

	 180,000

	Increased contribution margin

	$ 24,000




Alternative solution:




$80,000 incremental sales × 30% CM ratio = $24,000



Since in this case the company’s fixed expenses will not change, monthly net operating income will increase by the amount of the increased contribution margin, $24,000.

 Exercise 6-12 (20 minutes)

	
	
	Total
	Per Unit

	
1.
	Sales (30,000 units × 1.15 = 34,500 units)

	$172,500
	$5.00

	
	Variable expenses

	 103,500
	 3.00

	
	Contribution margin

	69,000
	$2.00

	
	Fixed expenses

	   50,000
	

	
	Net operating income

	$ 19,000
	

	
	
	
	

	
2.
	Sales (30,000 units × 1.20 = 36,000 units)

	$162,000
	$4.50

	
	Variable expenses

	 108,000
	 3.00

	
	Contribution margin

	54,000
	$1.50

	
	Fixed expenses

	   50,000
	

	
	Net operating income

	$  4,000
	

	
	
	
	

	
3.
	Sales (30,000 units × 0.95 = 28,500 units)

	$156,750
	$5.50

	
	Variable expenses

	   85,500
	 3.00

	
	Contribution margin

	71,250
	$2.50

	
	Fixed expenses ($50,000 + $10,000)

	   60,000
	

	
	Net operating income

	$ 11,250
	

	
	
	
	

	
4.
	Sales (30,000 units × 0.90 = 27,000 units)

	$151,200
	$5.60

	
	Variable expenses

	   86,400
	 3.20

	
	Contribution margin

	64,800
	$2.40

	
	Fixed expenses

	   50,000
	

	
	Net operating income

	$ 14,800
	


Exercise 6-13 (20 minutes)

	
a.
	
	Case #1
	
	Case #2

	
	Number of units sold

	     9,000
	*
	
	
	   14,000
	
	
	

	
	Sales

	$270,000
	*
	$30
	
	$350,000
	*
	$25
	

	
	Variable expenses

	 162,000
	*
	 18
	
	 140,000
	
	 10
	 

	
	Contribution margin

	108,000
	
	$12
	
	210,000
	
	$15
	*

	
	Fixed expenses

	   90,000
	*
	
	
	 170,000
	*
	
	

	
	Net operating income

	$ 18,000
	
	
	
	$ 40,000
	*
	
	


	
	
	Case #3
	
	Case #4

	
	Number of units sold

	   20,000
	*
	
	
	     5,000
	*
	

	
	Sales

	$400,000
	
	$20
	
	$160,000
	*
	$32

	
	Variable expenses
  
	 280,000
	*
	 14
	
	   90,000
	
	 18

	
	Contribution margin

	120,000
	
	$ 6
	*
	70,000
	
	$14

	
	Fixed expenses

	   85,000
	
	
	
	   82,000
	*
	

	
	Net operating income

	$ 35,000
	*
	
	
	$(12,000)
	*
	


	
b.
	
	Case #1
	
	Case #2

	
	Sales

	$450,000
	*
	100
	%
	$200,000
	*
	100
	%

	
	Variable expenses

	 270,000
	
	 60
	
	 130,000
	*
	 65
	

	
	Contribution margin

	180,000
	
	 40
	%*
	70,000
	
	 35
	%

	
	Fixed expenses

	 115,000
	
	
	
	   60,000
	*
	
	

	
	Net operating income

	$ 65,000
	*
	
	
	$ 10,000
	
	
	


	
	
	Case #3
	
	Case #4

	
	Sales

	$700,000
	
	100
	%
	$300,000
	*
	100
	%

	
	Variable expenses

	 140,000
	
	 20
	
	   90,000
	*
	 30
	 

	
	Contribution margin

	560,000
	
	 80
	%*
	210,000
	
	 70
	%

	
	Fixed expenses

	 470,000
	*
	
	
	  225,000
	
	
	

	
	Net operating income

	$ 90,000
	*
	
	
	$ (15,000)
	*
	
	

	
	
	
	
	
	
	
	
	
	

	
	*Given
	
	
	
	
	
	
	
	


 Exercise 6-15 (15 minutes)

	
1.
	Sales (30,000 doors)

	$1,800,000
	$60

	
	Variable expenses

	 1,260,000
	 42

	
	Contribution margin

	540,000
	$18

	
	Fixed expenses

	    450,000
	

	
	Net operating income

	$    90,000
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2.
a.
Sales of 37,500 doors represents an increase of 7,500 doors, or 25%, over present sales of 30,000 doors. Since the degree of operating leverage is 6, net operating income should increase by 6 times as much, or by 150% (6 × 25%).



b.
Expected total dollar net operating income for the next year is:

	Present net operating income

	$ 90,000

	Expected increase in net operating income next year (150% × $90,000)

	 135,000

	Total expected net operating income

	$225,000


Exercise 6-16 (30 minutes)

	
1.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	$90Q
	=
	$63Q + $135,000 + $0

	
	$27Q
	=
	$135,000

	
	Q
	=
	$135,000 ÷ $27 per lantern

	
	Q
	=
	5,000 lanterns, or at $90 per lantern, $450,000 in sales




Alternative solution:
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or at $90 per lantern, $450,000 in sales


2.
An increase in the variable expenses as a percentage of the selling price would result in a higher break-even point. The reason is that if variable expenses increase as a percentage of sales, then the contribution margin will decrease as a percentage of sales. A lower CM ratio would mean that more lanterns would have to be sold to generate enough contribution margin to cover the fixed costs.

Exercise 6-16 (continued)

	
3.
	
	Present: 
8,000 Lanterns 
	
	Proposed: 
10,000 Lanterns*

	
	
	Total
	Per Unit
	
	Total
	Per Unit

	
	Sales

	$720,000
	$90
	
	$810,000
	$81
	**

	
	Variable expenses

	 504,000
	 63
	
	 630,000
	 63
	

	
	Contribution margin

	216,000
	$27
	
	180,000
	$18
	 

	
	Fixed expenses

	 135,000
	
	
	 135,000
	
	

	
	Net operating income

	$ 81,000
	
	
	$ 45,000
	
	


	*
	8,000 lanterns × 1.25 = 10,000 lanterns

	**
	$90 per lantern × 0.9 = $81 per lantern




As shown above, a 25% increase in volume is not enough to offset a 10% reduction in the selling price; thus, net operating income decreases.
	
4.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	$81Q
	=
	$63Q + $135,000 + $72,000

	
	$18Q
	=
	$207,000

	
	Q
	=
	$207,000 ÷ $18 per lantern

	
	Q
	=
	11,500 lanterns




Alternative solution:
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 Problem 6-18 (60 minutes)


1.
The CM ratio is 60%:
	Selling price

	$15
	100%

	Variable expenses

	  6
	 40%

	Contribution margin

	$ 9
	 60%


	2.
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3.
$45,000 increased sales × 60% CM ratio = $27,000 increased contribution margin. Since fixed costs will not change, net operating income should also increase by $27,000.

	4.
	a.
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b.
6 × 15% = 90% increase in net operating income. In dollars, this increase would be 90% × $36,000 = $32,400.
Problem 6-18 (continued)

	
5.
	
	Last Year: 
28,000 units
	
	Proposed: 
42,000 units*

	
	
	Total
	Per Unit
	
	Total
	Per Unit

	
	Sales

	$420,000
	$15.00
	
	$567,000
	$13.50
	**

	
	Variable expenses

	 168,000
	   6.00
	
	 252,000
	   6.00
	

	
	Contribution margin

	252,000
	$ 9.00
	
	315,000
	$ 7.50
	

	
	Fixed expenses

	 180,000
	
	
	 250,000
	
	

	
	Net operating income

	$ 72,000
	
	
	$ 65,000
	
	


	*
	28,000 units × 1.5 = 42,000 units

	**
	$15 per unit × 0.90 = $13.50 per unit




No, the changes should not be made.

	
6.
	Expected total contribution margin: 
28,000 units × 200% × $7 per unit*

	$392,000

	
	Present total contribution margin: 
28,000 units × $9 per unit

	 252,000

	
	Incremental contribution margin, and the amount by which advertising can be increased with net operating income remaining unchanged

	$140,000




*$15 – ($6 + $2) = $7
Problem 6-19 (60 minutes)


1.
The CM ratio is 30%.
	
	Total
	Per Unit
	Percentage

	Sales (13,500 units)

	$270,000
	$20
	100%

	Variable expenses

	 189,000
	 14
	 70%

	Contribution margin

	$ 81,000
	$ 6
	 30%




The break-even point is:

	Sales
	=
	Variable expenses + Fixed expenses + Profits

	$20Q
	=
	$14Q + $90,000 + $0

	$ 6Q
	=
	$90,000

	Q
	=
	$90,000 ÷ $6 per unit

	Q
	=
	15,000 units





15,000 units × $20 per unit = $300,000 in sales



Alternative solution:
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2.
	Incremental contribution margin:
	

	
	$70,000 increased sales × 30% CM ratio

	$21,000

	
	Less increased fixed costs:
	

	
	Increased advertising cost

	   8,000

	
	Increase in monthly net operating income

	$13,000




Since the company presently has a loss of $9,000 per month, if the changes are adopted, the loss will turn into a profit of $4,000 per month.

Problem 6-19 (continued)

	
3.
	Sales (27,000 units × $18 per unit*)

	$486,000

	
	Variable expenses 
(27,000 units × $14 per unit)

	 378,000

	
	Contribution margin

	108,000

	
	Fixed expenses ($90,000 + $35,000)

	 125,000

	
	Net operating loss

	$(17,000)




*$20 – ($20 × 0.10) = $18

	
4.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	$  20Q
	=
	$14.60Q* + $90,000 + $4,500

	
	$5.40Q
	=
	$94,500

	
	Q
	=
	$94,500 ÷ $5.40 per unit

	
	Q
	=
	17,500 units




*$14.00 + $0.60 = $14.60.



Alternative solution:
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**$6.00 – $0.60 = $5.40.


5.
a.
The new CM ratio would be:

	
	Per Unit
	Percentage

	Sales

	$20
	100%

	Variable expenses

	   7
	 35%

	Contribution margin

	$13
	 65%


Problem 6-19 (continued)




The new break-even point would be:
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b.
Comparative income statements follow:
	
	Not Automated
	
	Automated

	
	Total
	Per Unit
	%
	
	Total
	Per Unit
	%

	Sales (20,000 units)

	$400,000
	$20
	100
	
	$400,000
	$20
	100

	Variable expenses

	 280,000
	 14
	 70
	
	 140,000
	   7
	 35

	Contribution margin

	120,000
	$ 6
	 30
	
	260,000
	$13
	 65

	Fixed expenses

	   90,000
	
	
	
	 208,000
	
	

	Net operating income

	$ 30,000
	
	
	
	$ 52,000
	
	


Problem 6-19 (continued)



c.
Whether or not one would recommend that the company automate its operations depends on how much risk he or she is willing to take, and depends heavily on prospects for future sales. The proposed changes would increase the company’s fixed costs and its break-even point. However, the changes would also increase the company’s CM ratio (from 30% to 65%). The higher CM ratio means that once the break-even point is reached, profits will increase more rapidly than at present. If 20,000 units are sold next month, for example, the higher CM ratio will generate $22,000 more in profits than if no changes are made.




The greatest risk of automating is that future sales may drop back down to present levels (only 13,500 units per month), and as a result, losses will be even larger than at present due to the company’s greater fixed costs. (Note the problem states that sales are erratic from month to month.) In sum, the proposed changes will help the company if sales continue to trend upward in future months; the changes will hurt the company if sales drop back down to or near present levels.




Note to the Instructor: Although it is not asked for in the problem, if time permits you may want to compute the point of indifference between the two alternatives in terms of units sold; i.e., the point where profits will be the same under either alternative. At this point, total revenue will be the same; hence, we include only costs in our equation:

	Let Q
	=
	Point of indifference in units sold

	$14Q + $90,000
	=
	$7Q + $208,000

	$7Q
	=
	$118,000

	Q
	=
	$118,000 ÷ $7 per unit

	Q
	=
	16,857 units (rounded)





If more than 16,857 units are sold, the proposed plan will yield the greatest profit; if less than 16,857 units are sold, the present plan will yield the greatest profit (or the least loss).
Problem 6-27 (75 minutes)

	
1.
	a.
	Selling price

	$37.50
	100%

	
	
	Variable expenses

	 22.50
	 60%

	
	
	Contribution margin

	$15.00
	 40%


	Sales
	=
	Variable expenses + Fixed expenses + Profits

	$37.50Q
	=
	$22.50Q + $480,000 + $0

	$15.00Q
	=
	$480,000

	Q
	=
	$480,000 ÷ $15.00 per skateboard

	Q
	=
	32,000 skateboards





Alternative solution:
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b.
The degree of operating leverage would be:
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2.
The new CM ratio will be:
	Selling price

	$37.50
	100%

	Variable expenses

	 25.50
	 68%

	Contribution margin

	$12.00
	 32%


Problem 6-27 (continued)



The new break-even point will be:
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	$37.50Q
	=
	$25.50Q + $480,000 + $0

	$12.00Q
	=
	$480,000

	Q
	=
	$480,000 ÷ $12.00 per skateboard

	Q
	=
	40,000 skateboards




Alternative solution:
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3.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	$37.50Q
	=
	$25.50Q + $480,000 + $120,000

	
	$12.00Q
	=
	$600,000

	
	Q
	=
	$600,000 ÷ $12.00 per skateboard

	
	Q
	=
	50,000 skateboards




Alternative solution:
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Problem 6-27 (continued)



Thus, sales will have to increase by 10,000 skateboards (50,000 skateboards, less 40,000 skateboards currently being sold) to earn the same amount of net operating income as earned last year. The computations above and in part (2) show quite clearly the dramatic effect that increases in variable costs can have on an organization. These effects from a $3 per unit increase in labor costs for Tyrene Company are summarized below:

	
	Present
	Expected

	Break-even point (in skateboards)

	32,000
	40,000

	Sales (in skateboards) needed to earn net operating income of $120,000

	40,000
	50,000




Note particularly that if variable costs do increase next year, then the company will just break even if it sells the same number of skateboards (40,000) as it did last year.


4.
The contribution margin ratio last year was 40%. If we let P equal the new selling price, then:
	P
	=
	$25.50 + 0.40P

	0.60P
	=
	$25.50

	P
	=
	$25.50 ÷ 0.60

	P
	=
	$42.50


	To verify:
	Selling price

	$42.50
	100%

	
	Variable expenses

	 25.50
	 60%

	
	Contribution margin

	$17.00
	 40%




Therefore, to maintain a 40% CM ratio, a $3 increase in variable costs would require a $5 increase in the selling price.

Problem 6-27 (continued)

5.
The new CM ratio would be:

	Selling price

	$37.50
	
	100%

	Variable expenses

	 13.50
	*
	 36%

	Contribution margin

	$24.00
	
	 64%





*$22.50 – ($22.50 × 40%) = $13.50



The new break-even point would be:

	Sales
	=
	Variable expenses + Fixed expenses + Profits

	$37.50Q
	=
	$13.50Q + $912,000* + $0

	$24.00Q
	=
	$912,000

	Q
	=
	$912,000 ÷ $24.00 per skateboard

	Q
	=
	38,000 skateboards





*$480,000 × 1.9 = $912,000



Alternative solution:
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Although this break-even figure is greater than the company’s present break-even figure of 32,000 skateboards [see part (1) above], it is less than the break-even point will be if the company does not automate and variable labor costs rise next year [see part (2) above].
Problem 6-27 (continued)

	
6.
	a.
	Sales
	=
	Variable expenses + Fixed expenses + Profits

	
	
	$37.50Q
	=
	$13.50Q + $912,000* + $120,000

	
	
	$24.00Q
	=
	$1,032,000

	
	
	Q
	=
	$1,032,000 ÷ $24.00 per skateboard

	
	
	Q
	=
	43,000 skateboards



*480,000 × 1.9 = $912,000


Alternative solution:
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Thus, the company will have to sell 3,000 more skateboards (43,000 – 40,000 = 3,000) than now being sold to earn a profit of $120,000 each year. However, this is still far less than the 50,000 skateboards that would have to be sold to earn a $120,000 profit if the plant is not automated and variable labor costs rise next year [see part (3) above].
Problem 6-27 (continued)



b.
The contribution income statement would be:

	Sales 
(40,000 skateboards × $37.50 per skateboard)

	$1,500,000

	Variable expenses 
(40,000 skateboards × $13.50 per skateboard)

	    540,000

	Contribution margin

	960,000

	Fixed expenses

	    912,000

	Net operating income

	$    48,000
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c.

This problem shows the difficulty faced by many firms today. Variable costs for labor are rising, yet because of competitive pressures it is often difficult to pass these cost increases along in the form of a higher price for products. Thus, firms are forced to automate (to some degree) resulting in higher operating leverage, often a higher break-even point, and greater risk for the company.




There is no clear answer as to whether one should have been in favor of constructing the new plant. However, this question provides an opportunity to bring out points such as in the preceding paragraph and it forces students to think about the issues.

 Problem 6-29 (30 minutes)


1.
The contribution margin per unit on the first 30,000 units is:
	
	Per Unit

	Selling price

	$2.50

	Variable expenses

	 1.60

	Contribution margin

	$0.90




The contribution margin per unit on anything over 30,000 units is:

	
	Per Unit

	Selling price

	$2.50

	Variable expenses

	 1.75

	Contribution margin

	$0.75




Thus, for the first 30,000 units sold, the total amount of contribution margin generated would be:





30,000 units × $0.90 per unit = $27,000.



Since the fixed costs on the first 30,000 units total $40,000, the $27,000 contribution margin above is not enough to permit the company to break even. Therefore, in order to break even, more than 30,000 units will have to be sold. The fixed costs that will have to be covered by the additional sales are:

	Fixed costs on the first 30,000 units

	$40,000

	Less contribution margin from the first 30,000 units

	 27,000

	Remaining unrecovered fixed costs

	13,000

	Add monthly rental cost of the additional space needed to produce more than 30,000 units

	   2,000

	Total fixed costs to be covered by remaining sales

	$15,000


Problem 6-29 (continued)



The additional sales of units required to cover these fixed costs would be:
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Therefore, a total of 50,000 units (30,000 + 20,000) must be sold for the company to break even. This number of units would equal total sales of:




50,000 units × $2.50 per unit = $125,000 in total sales.

	2.
	
[image: image21.wmf]Target profit$9,000

==12,000 units

Unit contribution margin$0.75 per unit






Thus, the company must sell 12,000 units above the break-even point to earn a profit of $9,000 each month. These units, added to the 50,000 units required to break even, would equal total sales of 62,000 units each month to reach the target profit figure.


3.
If a bonus of $0.15 per unit is paid for each unit sold in excess of the break-even point, then the contribution margin on these units would drop from $0.75 to only $0.60 per unit.



The desired monthly profit would be:




25% × ($40,000 + $2,000) = $10,500



Thus,



[image: image22.wmf]Target profit$10,500

==17,500 units

Unit contribution margin$0.60 per unit




Therefore, the company must sell 17,500 units above the break-even point to earn a profit of $10,500 each month. These units, added to the 50,000 units required to break even, would equal total sales of 67,500 units each month.
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