Study Guide for Bernheim and Whinston


CHAPTER 3
INTRODUCTION

CHAPTER DISCUSSION

One of the themes of microeconomics is that virtually all decisions involve tradeoffs. That is, associated with any decision there are almost always benefits and costs. Making the optimal choice among all alternatives involves maximizing the difference between total benefits and total costs. 
Costs also involve forgone benefits. For example, if your car breaks down and must be repaired, you are missing out on the (explicit) benefit you could have enjoyed by spending the out-of-pocket costs on something else, or the (implicit) money you could have earned but didn’t because your car was in the shop and you couldn’t make it to work. The opportunity cost of taking a decision is the next best alternative foregone. The whole idea of optimizing means making the choice that gives us the highest net benefit, which is the difference between the total benefit and the total cost. And this means that we must take into account all the costs, including explicit out-of-pocket as well as implicit opportunity costs. Of course, we also must take into account all the benefits.
You will recall that the best decisions are usually made on the margin. Here is where the text explores the idea of marginal analysis: looking at the next unit influenced by an action. We’re really interested in the rate at which benefit increases and the rate at which costs increases as we increment the level of some activity by a very small amount
There is probably nothing more fundamental to understanding economics than a firm grasp of marginal analysis. In deciding what level of activity is optimal, we need to ask, “What change in benefit will result?” but we must also be concerned with the impact of a change in activity on the level of cost. So we are much less concerned with the level of cost than we are in how a very small change in activity will change that level of cost. 
Recalling that Greek Δ is defined as change in, and letting the level of the activity be denoted by X, we can define marginal cost as follows:
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Marginal benefit can be denoted by the following expression:
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Here is the other part of understanding these two expressions, MC and MC: we divide the change in cost or benefit by the change in the level of activity. This means that marginal cost and marginal benefit are both measured per unit of activity. Marginal analysis can assist in finding an optimum. The No Marginal Improvement Principle tells us that the best choice of activity level meets two conditions. (1) The marginal benefit of the last unit must be at least as large as the marginal cost. (2) The marginal benefit of the next unit must be no greater than the marginal cost.

Since net benefit is just the difference between total benefit and total cost, No Marginal Improvement Principle means that, if net benefit is truly at a maximum, the marginal benefit of the last unit must be at least as great as the marginal cost. Additionally, it means that the marginal benefit of the next unit must be no greater than the marginal cost. 

A concept very closely related to marginal analysis is the idea of sunk costs. Costs that have not yet been incurred or irreversibly committed to are still avoidable, and not yet sunk. Sunk costs are costs that cannot be escaped or changed, no matter what the decision maker does. 

The key point to remember about sunk costs is this: Sunk costs shouldn’t matter. By that, we mean that if there really is no way to change a cost, then the best choice of action can never be affected by such a cost. No optimal choice can ever be made better by considering sunk costs, but that does not mean you shouldn’t learn from them, because costs that are not yet sunk are still avoidable.
OUTLINE

· Balancing Benefits and Costs

· Maximizing Benefits Less Costs with Discrete Levels of Activity

· Benefits can be arranged in an array along with activity levels as in Text Table 3.1

· Costs, also can be arranged in an array.

· Opportunity costs are the (implicit) cost of forgoing another alternative.

· We draw a distinction between out-of-pocket costs and  implicit opportunity costs.

· Maximizing net benefit is maximizing the difference between benefit and cost.

· Graphically, maximum net benefit occurs where the total benefit curve is most above the total cost curve.

· Sometimes, Activity Levels Can Be Measured in  Finely Divisible Levels

· For example, time could be measured in ever-finer units from hours to minutes to seconds to very small fractions of seconds.

· In this case, total benefits and  total costs can be represented by smooth curves or by algebraic functions.

· By graphing the net benefit curve (or the difference between benefit and cost), we can select the highest value by inspection, as in Text Figure 3.3.

· Thinking At The Margin

· “Thinking like an economist” often involves looking at the marginal impact of a small change in activity level.

· Marginal means the next unit, not insignificant or inconsequential, as in popular usage.

· Marginal cost is the addition to total cost that results from a very small increase in activity level.

· MC = (C/(X, where “(” means “change in,” and X is the level of activity.

· 
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· Marginal Benefit is the addition to total benefit that results from a very small increase in activity.

· MB = (B/(X

· 
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· Best choice and marginal analysis

· The best choice means that a small change in activity level cannot increase net benefit.

· No Marginal Improvement Principle:

· Marginal benefit of the last unit must be at least as large as the marginal cost.

· Marginal benefit of the next unit must be no greater than the marginal cost.

· Marginal Benefit and Marginal Cost with Finely divisible Actions

· Marginal benefit of a very small increase in activity level is the slope of the tangent to the total benefit curve.

· If tangent line is steep, then benefit increases at a high rate as activity level increases.

· If tangent line is flat, then benefit increases at a low rate as activity level increases.

· Marginal cost of a very small increase in activity level is the slope of the tangent to the total cost curve.

· If tangent line is steep, then cost increases at a high rate as activity level increases.

· If tangent line is flat, then cost increases at a low rate as activity level increases.

· No Marginal Improvement Principle with Finely divisible Actions

· If it is possible both to increase and decrease the level of activity by a small amount, (there are no boundaries limiting activity level), then the no improvement principle means the optimum occurs where MB = MC.

· The slope of the total benefit curve is equal to the slope of total cost curve at that optimum level of activity.

· Optimum can be found in this case where the marginal cost curve crosses the marginal benefit curve.

· The best activity level will be where:

· Either MB=MC or

· At a boundary, where it is either impossible to increase or impossible to decrease the activity level.

· By looking only at all of these points, we can select the optimum by inspection.
· Sunk Costs and Decision Making

· Sunk costs are those cost either already irreversibly incurred or else committed to.

· Avoidable costs have not yet been sunk.

· Sunk costs can never affect the best choice.
· If costs can truly not be changed, then the decision maker should ignore them.

· Thinking at the margin means not allowing sunk cost to influence a decision

· When you sink a cost, you give up the option of avoiding it, so postponing the sinking of a cost is often valuable.

PRACTICE MULTIPLE CHOICE 
1. In balancing benefits and costs, which of the following most accurately describes what the decision maker should do?

a. She should maximize total benefit.

b. She should minimize total cost.

c. She should minimize marginal cost.

d. She should maximize marginal benefit.

e. She should maximize the difference between total benefits and total costs.

2. Which of the following best describes the concept of opportunity cost?
a. It is a cost that must be paid, no matter what.

b. It is the next best alternative foregone when employing a resource in one use instead of another.

c. Opportunity costs are fixed for any level of activity except zero.
d. Opportunity costs are only those direct, out-of-pocket costs.

e. Opportunities are not costs; they’re benefits.

3. According to the No Marginal Improvement Principle, which of the following best characterizes the best choice of activity level?

a.  The marginal benefit of the last unit must be at least as great as the marginal cost.

b. The marginal cost of the last unit must be at least as great as the marginal benefit.

c. The marginal cost of the next unit must be no less than the marginal cost.

d. The net benefit of the next unit must increase.

e. The marginal cost of the next unit must be less than the last unit.
4. The text differentiates between explicit and implicit costs.  This question explores that difference.  Accordingly, which of the following groups contains only implicit costs associated with a trip to Hawaii?

I. The price paid for airline tickets.

II. The rent paid for a condominium.

III. The income you could have earned if you had staid home.

IV. The enjoyment you could have had if you had gone to Pittsburg instead of Hawaii for your vacation.

a. I only

b. I and II only

c. III only

d. III and IV only.

e. I, II, III, and IV 

5. If C(X) is the cost of activity level X, which of the following identifies marginal cost?

a. MC = (C

b. MC= [C(X)-C(X-(X)]/(X

c. MC=C(X)-C(X+(X)

d. MC=C/(X

e. MC=([C/X]

For the next four questions, consider the following information:

A clothing manufacturer must hire workers in whole-day increments, not by the hour.  As he increases workers, he must not only pay them, but also incur ever-increasing costs of finding additional workers.  He finds that the following table describes how many garments his shop can produce with various levels of worker-days as well as the total cost of workers at each level of activity:

	Worker days 
	Number of garments
	Total Cost of Labor ($)
	
	
	
	

	0
	 0
	0
	
	
	
	

	1
	12
	80
	
	
	
	

	2
	23
	170
	
	
	
	

	3
	33
	270
	
	
	
	

	4
	42
	380
	
	
	
	

	5
	50
	500
	
	
	
	

	6
	57
	630
	
	
	
	

	7
	63
	770
	
	
	
	

	8
	68
	920
	
	
	
	


6. Suppose the firm can sell garments for $20 each.  What is the marginal benefit of the 4th worker day?

a. $120

b. $140

c. $180

d. $380

e. $840

7. What is the marginal cost of the 5th worker?

a. $500

b. $460

c. $140

d. $120

e. $110

8. If garments can be sold for $20, what is the optimum number of worker-days to employ?

a. 4

b. 5

c. 6

d. 7

e. 8

9. If garments can be sold for only $16 each, what is the optimum number of worker-days to employ?

a. 4

b. 5

c. 6

d. 7

e. 8

10. If B(X) is the benefit of activity level X, which of the following identifies marginal benefit?

a. MB= [B(X)-B(X-(X)]/(X

b. MB = (B

c. MB=B(X)-B(X+(X)

d. MB=B/(X

e. MB=([B/X]

Use the following information to answer the next two questions.  A firm’s total benefit as a function of level activity (X) can be described by the following function:  B(X) = 250X-10X2.  Its cost as a function of activity level can be described by the following function:  C(X) = 75X+5X2.   From calculus, we can find that the respective marginal benefit and marginal cost functions are given by                        MB = 250 – 20 X, and MC = 75 + 10 X.  

11. If the activity level is finely divisible, what activity level maximizes net benefit?

a. 4.5

b. 5

c. 5.67

d. 5.83

e. 6

12. How much net benefit would the firm receive if the level of activity were equal to 5?

a. 300

b. 400

c. 500

d. 550

e. 600

MULTIPLE CHOICE ANSWERS

1. e
2. b
3. a
4. d
5. b
6. c
7. d
8. c
9. b
10. a

11. d

12. c

WORD PROBLEMS

A small company uses unskilled labor to manufacture a product in a machine shop.  It can hire any whole number of worker hours it desires, but the machine shop cannot be expanded because of capacity constraints.  The total benefit (TB) from worker activity levels (X) is given by TB=11X.  There is a fixed cost equal to 10, regardless of the level of activity, and it is unavoidable. The resulting total cost (TC) of activity levels is given by TC=10 + 1.3 X2.  

a. Use these total benefit and total cost functions to fill in the columns in the table below. 

	X
	Total Benefit
	Total Cost
	Marginal Benefit
	>,=,<

?
	Marginal Cost
	Net Benefit

	0
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	


b. Explain the two methods that you could use in the table above to find the best activity level.

c. What role does fixed cost play in finding the best level of activity?

d. Would it matter whether the fixed cost of 10 were avoidable or not?  Explain.

e. Suppose the fixed cost were equal to 25 instead of 10, but still unavoidable.  Would that change affect your selection of the best level of activity?  Explain.

f. What if the fixed cost of 25 were an avoidable fixed cost.  How would that change the choice of best activity level?

13. Assume that  the company described in Problem 1 above is now able to employ finely divisible levels of activity (X). Total benefit and total cost functions are unchanged.  Calculus would give us a marginal benefit function: MB = 11, and marginal cost function: MC = 2.6 X.  

a. Use the MB and MC function to find the best activity level.  

b. Calculate the Total Benefit the company could enjoy from using the best activity level.

c. Now assume that because of a clause in the company’s contract with the laborers, it must employ at least activity level X = 6.  Explain how this constraint would affect its choice of best level of activity.

14. The company is problems number 1 and 2 above has a sister company with the following total benefit function and total cost function: TB(X) =20X-0.6X2 and     TC(X) = 10 + 2X2. 

a.  Use the total benefit and total cost functions to fill in columns in the table below.

	X
	Total Benefit
	Total Cost
	Marginal Benefit
	>,=,<

?
	Marginal Cost
	Net Benefit

	0
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	


b. Explain the two methods that you could use in the table above to find the best activity level.

c. What role does fixed cost play in finding the best level of activity?

d. Would it matter whether the fixed cost of 10 were avoidable or not?  Explain.

e. Suppose the fixed cost were equal to 40 instead of 10, but still unavoidable.  Would that change affect your selection of the best level of activity?  Explain.

f. What if the fixed cost of 40 were an avoidable fixed cost.  How would that change the choice of best activity level?

15. Assume that for the company described in Problem 3 above is now able to employ finely divisible levels of activity (X). Total benefit and total cost functions are unchanged.  Calculus would give us a marginal benefit function: MB = 20-1.2 X, and marginal cost function: MC = 4X.  

a. Use the MB and MC function to find the best activity level.  

b. Calculate the Total Benefit the company could enjoy from using the best activity level.

c. Now assume that because of a clause in the company’s contract with the laborers, if it uses any positive activity level, it must employ at least activity level X = 8.  Explain how this constraint would affect its choice of best level of activity.  Does it matter now whether the fixed costs are avoidable or not?  Explain.

CHALLENGE YOUR MIND

1. A commercial airliner is about to take off with two empty seats on a flight for which it charged $400 per passenger.  Just before the door closes, a potential passenger offers $200 to join the flight.  Discuss the airline’s decision to accept this passenger in the context of opportunity cost.

2. Gregory is trying to lose weight and is on a diet restricting his daily intake to 1500 calories.  Marjorie invites Gregory for a free banana split to celebrate his birthday.  Is it really free?  Discuss.

3.  Joe Green bought very expensive season tickets to the opera and is contemplating attending the third performance of the season tonight when he’s invited to watch a baseball game with friends.  Your job is to structure Joe’s decision for him, pointing out relevant costs and benefits of his decision to go to the game or the opera.

SUMMARY OF CHAPTER 3 APPENDIX

The appendix to this chapter extends the analysis.  It discusses how to use marginal analysis in finding an optimum when activity level is finely divisible, and concentrates more on the boundary issues that were mentioned only briefly in the body of the chapter. 

Boundary conditions occur when there are external limits on the choice of activity level available to the decision maker.  These boundaries are imposed from outside the optimization problem, as when the mechanic was simply not available for more than six hours of time.  And of course there can be natural boundaries, such as not being able to employ the mechanic for less than zero hours.  These boundaries limit our selection of activity levels.  Often, boundaries do not impose limits that ultimately affect our choice of best activity level, but there could be circumstances where they do impose binding constraints, so we need to know how to deal with them.

You might think of a boundary as a sort of one-sided constraint.  If it occurs at some activity level X, the boundary might not allow an activity level to be below X.  So the decision maker is able to choose a level equal to or greater than X.  Alternatively, it might restrict the activity level to be no greater than X, so a decision maker could choose a level at or below X, but not above.  In either of these cases, we refer to X as a boundary action or a boundary choice. 

Starting at other values of X, the decision maker is not bounded, so she could slightly increase or decrease her choice of X.  We refer to such a level of X as an interior action or an interior choice. 

We have already considered the case of an interior action being an optimum, or maximum net benefit selection.  That is where the total benefit and the total cost curves have the same slope.  In terms of marginal benefit and cost, the condition is that if some level of activity is to be considered as a possible best choice, then the marginal benefit and marginal cost curves should cross at that point.

However, a boundary choice could turn out to be the best. So in addition to identifying the interior points that satisfy the No Marginal Improvement Principle, we need also to identify the boundary points. Then, we must select the one from among them that has the highest net benefit.  

There are a couple of short-cuts to the selection process that make use of marginal benefit and marginal cost curves to eliminate boundary choices that could not possibly be optimum levels of activity. Recall that there are two types of boundaries, one in which only increases in X are allowed, and the other in which only decreases in X are allowed.  Let’s take them in order.  Suppose a boundary limits X from below, so only that level of X or a level slightly higher is available. In this case, for X to be an optimum, it must be true at that level that marginal cost be greater than marginal benefit.  This can be seen in Figure A3.1.  Here, X is a boundary that limits choices of activity levels to be equal to or greater than X.  In order for X to be a possible optimum, then it must be true that at that level marginal benefit must be no greater than marginal cost.  Clearly, that is the case in the figure because marginal cost is strictly greater than marginal benefit.  (Notice that an interior solution would be at the intersection of MB and MC, but that option is unattainable because of the boundary.


[image: image5]
Alternatively, if a boundary limits activity levels from above, then only activity levels at or below that level are available.  In this case, for X to be an optimum it must be true that at that level of activity marginal benefit must be no less than marginal cost. Figure A3.2 shows this other case, the one in which the boundary limits activity levels from above.
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(Again, the interior solution would be at the intersection of MB and MC, but that optimum is unattainable because of the boundary.)

Suppose a boundary condition limits activity levels from below, but at that level of activity MB>MC.  Then we know this cannot be an optimum.  Or, suppose that a boundary condition limits activity levels from above, but at that level of activity MB<MC.  Again, we know this cannot be an optimum.  These short-cuts allow us to eliminate some of the possible choices because they do not meet the No Marginal Improvement Principle for Boundary Choices.

One other point can be made here.  If the marginal net benefit (MB-MC) grows smaller as the activity level grows larger, then any choice that satisfies the No Marginal Improvement Principle is the best choice.
We need to make a distinction between avoidable fixed costs and unavoidable fixed costs.  Some costs we must incur whether there is any level of activity or not.  Those costs are sunk, because there is absolutely no way we can get out of them.  As an example, a pharmaceutical company that has already spent the research and development money to discover a new drug can never not incur those costs.  But other fixed costs are independent of the level of activity as long as it is positive, but can be avoided if there is no activity at all.  An example of that is the electricity to light a classroom.  As long as even one student is in the room, it must be lighted, and the light bill is independent of how many students attend class.  But if there are no students, the lights can be turned off, and no cost is incurred.  Those costs are called avoidable fixed costs.  

Although sunk fixed costs can never affect the choice of best activity level, avoidable fixed costs can.  Among all positive activity levels, the choice of the best one is unaffected by fixed costs.  But if fixed costs are avoidable, they might be so high that the best level of activity is zero.    
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