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TABLE 15.5
Pricing Dilemma
Gibbons
Cooper Price Low. 100, 120 400, 0
Price High 0,480 300, 360

The prisoners’ dilemma is perhaps the oldest and most studied game in
economics, and reflects many business situations. For example, the pricing
dilemma in the introduction of this chapter and illustrated in Table 15.5 has
the same logical structure as the prisoners’ dilemma. Even though Gibbons’
profits are higher than Cooper’s due to its larger size, both Cooper and
Gibbons could make more money if both priced high, but both pricing high is
not a Nash equilibrium. Cooper does better by pricing low regardless of what
Gibbons does, and Gibbons does better by pricing low regardless of what
Cooper does. The only Nash equilibrium is for both to price low, in the upper-
left corner.

Price Discrimination Dilemma

You learned in Chapters 13 and 14 that you can often increase profit by price
discriminating, provided different consumers have different demand elastici-
ties and you can prevent arbitrage. But when you’re competing against other
firms, price discrimination may provoke your rivals to retaliate in a way that
could make you both worse off. If your rivals begin discriminating in reaction
to your decision to discriminate, then everyone’s profit can fall below what it
would have been had no one price discriminated. For example, firms often dis-
criminate by offering discounts to customers based on where they live. Super-
markets and pizza chains may target promotions to customers who live closer
to rival stores.» Companies often offer coupons at supermarket checkouts to
customers who have purchased competing brands.* In each of these attempts
to price discriminate, we would expect rivals to react by offering lower prices
to these targeted customers as well. The result is that equilibrium prices are
lower than they would be without targeted discounts.

In Table 15.6, we see an illustrative game involving two grocery stores.
These stores (Kroger and Safeway) are considering whether to offer discount
coupons to customers who live farther away—and closer to a competitor’s
store. These customers have more elastic demand than customers living closer
to the store.

If just one grocery store offers such coupons, then its profit increases.
However, if its competitor does the same thing, then all the stores wind up with
about the same overall sale volume, but at lower prices. In equilibrium, both
stores price discriminate, and both are worse off. Intuitively, with a uniform
price, the stores compete vigorously for customers only on the boundaries of
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TABLE 15.6
Oligopoly Price Discrimination Dilemma

Kroger
Price Discriminate  Uniform Prices

Safeway Price Discriminate 0,0 0=

Uniform Prices -2,4 2,2

their market areas. When they discriminate, they compete vigorously for all
customers, no matter where they live, and industry profit suffers. While nei-
ther Kroger nor Safeway is a prisoner, they are nevertheless playing a prison-
ers” dilemma.

Table 15.7 exhibits an advertising dilemma that again has the same
logical structure as the prisoners’ dilemma. Rival tobacco manufacturers
R.J. Reynolds and Phillip Morris both used to advertise quite heavily on
television. Cigarette advertising is predatory; it serves mainly to steal market
share from rivals without increasing market size. Thus, both companies could
make more money by not advertising, but the lower-right corner in Table 15.7
is not an equilibrium. If the rival doesn’t advertise, cach firm can do better by
advertising and stealing the rival’s customers. The only Nash equilibrium is for
both to advertise and carn lower profits.

TABLE 15.7
Advertising Dilemma

R.J. Reynolds Advertise

Don't Advertise

When the government banned over-the-air cigarette advertising in the
carly 1970s, the profitability of the cigarette industry increased by nearly
40%.5 The ban moved the industry from the upper-left corner to the lower-
right corner of the payoff matrix. Ordinarily, however, you can’t count on the
government to help you out of a prisoners’ dilemma.

Free-Riding Dilemma

The game in Table 15.8 illustrates the strategic interdependence typical of an
MBA study group. It's also typical of the kinds of payoffs you'd expect in any
group or team-based activity. Each player has the option of working hard or
shirking. The benefit of working hard is that you raise your grade, but the
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TABLE 15.8
Free-Riding Dilemma
Joe
Shirk ‘Work
Sally Shirk CetLeisure, Ct Leisure Bt Leisure, B
Work B, B+Leisure AA

downside s that you sacrifice leisure time. If both work, they will carn an A, if
only one works, they carn a B, and if both shirk, they carn a C.

To determine the Nash equilibrium of the game, you need to know how
study group members rank various outcomes. Assume that students value lei-
sure time more than a one-letter grade improvement, but less than a two-letter
grade improvement. Thus, B+ Leisure is better than an A which is better than
a C+Leisure which is better than a B.

Then, Sally’s best response to Joe shirking is to also shirk (C+Leisure is
preferable o a B), and Sally’s best response to Joe working is again to shirk
(B+Leisure is preferable to an A). Because Joe has the same preferences, the
Nash equilibrium is (Shirk, Shirk], where each player receives a C plus leisure
time. This outcome is inefficient because students in the group would jointly
prefer the A that comes from hard work. However, this outcome is not an
equilibrium because once the other group members are working hard, the best
response is to shirk.

Asin the other prisoners’ dilemma games, there is a tension between con-
flict and cooperation. Successful study groups figure out how to manage this
tension, and get out of the low-grade equilibrium.

Getting Out of a Prisoners’ Dilemma

The Nash equilibrium of a prisoners’ dilemma represents an unconsummated
wealth-creating transaction between players. In the pricing dilemma, both
players would like to price high. In the advertising dilemma, both would like
to advertise less. In the free-riding game, both would like to work harder.
However, none of these outcomes is a Nash equilibrium.

The point of studying the prisoners’ dilemma is to learn to avoid these
bad outcomes or, alternatively, to learn how to consummate these unconsum-
mated wealth-creating transactions among players.

The implication of the prisoners’ dilemma for a long-run strategy is clear:
try to avoid games with the logical structure of a prisoners” dilemma. Instead,
work on developing long-run strategies that change the structure of the game
to make your own payoffs less dependent on your rivals actions. If possible,
try to differentiate your product or figure out a way to lower your costs.

If you have no other option, try to reduce the intensity of competition with-
out running afoul of the antitrust laws. For example, if Cooper and Gibbons
can find a way to coordinate their pricing, they can get out of this dilemma.
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However, explicit price coordination is a violation of the antitrust laws, as
summed up in the following advice from a former antitrust prosecutor:

Do not discuss prices with your competitors. That is one of those black-
and-white areas. The enforcement authorities can be counted on to bring
a criminal prosecution if they learn that you have met with your com-
petitors to fix prices or any other terms of sale. Jail time is increasingly
common.s

Instead, Cooper and Gibbons department stores introduced price match-
ing, reducing the strategic benefits of lowering prices. Effectively, this means
that if either store charges low prices, both stores in effect do. The only way to
improve payoffs is to have both stores charge higher prices.

When Prisoners’ mmas Are Repeated

As a general matter, it is easier to get out of a prisoners’ dilemma when the
game is repeated. For example, suppose our MBA group members were not
just playing the free-riding game in Table 15.8 once, but, as is more likely, they
were playing it over and over. With repeated games, you can condition your
future behavior on your opponent’s past behavior with a trigger strategy. For
example, both could agree to cooperate by working in each period, but adopt
the following strategy: if my classmate worked last time, I will work too, but if
my classmate shirked, it will trigger me to shirk from now on.

Is this agreement a Nash equilibrium? By working, each player receives
an A in each period, but without leisure time (the second best outcome of the
four). If one of the players shirks, that player receives a higher payoff in that
period. But the player knows that his colleague will shirk forever after, leading
to a worse outcome. Thus, cooperating leads to the second-best outcome in
cach period. Cheating leads to a one-time gain followed by worse payoffs in
all future periods. The comparison between these depends on the discount rate
and on the expected length of the future relationship between MBA students.
Low discount rates (where future payoffs are more valuable) and long rela-
tionships both make cooperation more likely.

Similarly, the hold-up problem between a supplier and a customer from
Chapter 5 can be described as a prisoners’ dilemma in which both parties ben-
efit from the transaction but one party cannot help himself from holding up
the counter-party once relationship-specific costs are sunk. In a repeated-game
context, the likelihood of hold-up is decreased because such an action sac-
rifices the future value of the relationship. When cooperation is important,
devise ways to make the interaction more like a repeated game to avoid
“cheating.”

To determine the best way to play a repeated prisoners’ dilemma, profes-
sor of political science Robert Axelrod had a novel idea—he ran a tournament
with a cash prize. He asked professors of political science, mathematics, psy-
chology, computer science, and economics to submit strategies as programma-
ble functions, and he then ran simulated tournaments among the programs.
Axelrod was able to characterize the features of the strategies that earned the
highest profit:
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Be nice: Start by cooperating, and don’t strike first.

Be easily provoked: Respond immediately to rivals.

*  Be forgiving: Don’t try to punish other players too much if they defect
from the cooperative outcome.

Don't be envious: Focus on your own slice of the profit pie, not on your
competitor’s.

 Be clear: Make sure your competitors can easily interpret your actions.

The tit-for-tat strategy—cooperating the first period and then doing
what your opponent did last period—won the tournament. It exhibits all of
the characteristics of a successful strategy. Tit-for-tat never strikes first and
responds immediately to defection, but limits punishment to only a single
period. It is focused on maximizing your own profit, and not on limiting your
competitor’s profits. And finally, it i casily understood by rivals.

Other Games

Game of Chicken
In the classic game of chicken, two teenage boys—say, James and Dean—drive
their cars straight toward each other. If both go straight, they crash and die.
If one goes straight while the other swerves, the one who goes straight wins
the praise of peers, whereas the one who swerves suffers the humiliation of
“chickening out.” If both swerve, each suffers humiliation.”

Intuitively, you should realize that there are two equilibria to this game.
If James goes straight and Dean swerves, then each player is doing the best he
can, given what the other player is doing. James cannot improve his payoff
by swerving and Dean cannot improve his by going straight (assuming death
is worse than humiliation). In Table 15.9, we have attached numerical values
to each of the outcomes, and you should verify for yourself that the game of
chicken has two equilibria in the off-diagonal entries of the matrix.

TABLE 15.9
Game of Chicken

James

Go Straight Swerve

Go Straight -10,-10 3,0
Swerve 0 3 0,0

Now that we have analyzed the game and the likely outcomes, the next
step is to figure out how to change the game to your advantage. Note that
cach party prefers one of the equilibria. This implics an obvious strategy: com-
mit to a position, and make sure your rival understands your commitment.
Coordination is important here so that the players don’t end up killing cach
other.
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James

-10,-10 30 03 0.0

FIGURE 16.4  First-Mover Advantage in a Game of Chicken

Commitment changes what is essentially a simultancous-move game into
a sequential-move game. We illustrate this in Figure 15.4. The equilibrium is
casy to compute. Dean does better by doing the opposite of whatever James
does before him. So if James goes straight, Dean swerves, and vice versa. Once
James knows what Dean is going to do, he sees that Straight, Swerve] gives
him a higher payoff than [Swerve, Straight]. The difficult part is convincing
the other player that you are committed. One way to do this is to lock the
steering wheel in place using an antitheft device, like the Club, and throw
away the key. Make sure that the other player sces you do this. Otherwise, he
may also commit to going straight, and you could both end up dead.

The game of chicken has business applications as well. Table 15.10 rep-
resents the choices faced by competing biotechnology companies who were
developing hybrid (discase-resistant) grapes. Each company could afford to
tailor the grape varicty to only one country, either Italy or South Africa.
Both prefer to be the sole entrant in a market, and both prefer Italy—a
larger market—to South Africa. This game has the same logical structure
as the game of chicken, with two equilibria: (South Africa, Italy} and (Italy,
South Africa).

TABLE 15.10
Market Entry Game of Chicken

Tl

South Africa 350,100 =50, =50
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Firm A

50,100 -50,-50 0,0 100,50

FIGURE 16.5 Sequential Market Entry

If Firm A can move first or commit to going into Italy, it will force Firm B
into South Africa. By moving first, Firm A turns the simultancous-move game
into a sequential-move game in which it “chooses” the favorable equilibrium.
We graph this outcome in Figure 15.5.

Dating Game

The dating game shares the tension between group interest (cooperation)
and self-interest (conflict) inherent in a prisoners’ dilemma. The game in
Table 15.11 is about a couple with different interests—Sally likes ballet and
Joe likes wrestling. But each likes the other’s company and would prefer
attending events together. The two would be best served if Sally and Joe could
agree to attend an event together (total payoff of 5), but neither coordination
possibility—both attend the ballet or both attend wrestling match—is a Nash
equilibrium. The only Nash equilibrium is the lower left, where Joe goes to
the wrestling match and Sally goes to the ballet.* This outcome is not opti-
mal, however, since both enjoy spending time together. As in the prisoners’
dilemma, the idea is to find a way to change the rules of the game so both
players can earn higher payoffs.

TABLE 15.11
Dating Game

Wrestling

Ballet
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One casy way to increase the joint payoffs is to take turns by attending a
different event together each week. This solution gives a higher group payoff
(5) than the Nash equilibrium (4). Note the similarity of this solution to the
repeated prisoners’ dilemma—if you repeat the game, yow'll find it relatively
casy to figure a way out of the dilemma.

The dating game also gives you a way to analyze the tension between divi-
sions within a corporation. Suppose Chevrolet and Cadillac—two divisions of
General Motors (GM)—receive a volume discount if they purchase tires from
a single supplier. However, Chevrolet and Cadillac cannot agree on a com-
mon supplier because each has its own preference: Chevrolet wants Good-
year Tires, but Cadillac wants Michelin. This interdivision conflict negatively
affects company-wide profit (sce Table 15.12). We will return to this topic in
Chapter 22, “Getting to Work in the Firm’s Best Interests.”

TABLE 15.12
Corporate Division Dating Game

Chevrolet
Goodyear Tires Michelin Tires

Cadillac Goodyear Tires 1,4 0,0
Michelin Tires 22 4,1

Interdivision conflict is more likely to arise when the parent company runs
each division as a separate profit center. Finding a way to create cooperation
for the good of the parent company is the management's problem. In this case,
GM might offer some kind of profit sharing or subsidization, such as Cadillac
paying Chevrolet to use Michelin tires.

Shirking/Monitoring Game

We can consider the problem of how to manage workers efficiently as a game
between an employer and an employee. Game theory helps us understand how
best to manage self-interested employees.

Consider the most basic situation: a self-interested employee would pre-
fer to work less (shirk), but shirking is profitable only if his manager is not
monitoring what he does. The manager wants the employee to work hard, but
must incur costs to monitor the employee’s behavior. Table 15.13 represents
the game. Try to find an equilibrium before reading on.

TABLE 15.13
Shirking/Monitoring Game

Monitor

Don't Monitor
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If the manager monitors, then the employee does better by working, If the
employee works, the manager does better by not spending resources on monitor-
ing. But if the manager doesn’t monitor, then the employee does better by shirk-
ing. But if the employee shirks, the manager prefers to monitor. And so on. This
game has no “pure strategy” equilibrium (meaning that each player selects one
of the two strategies and sticks to i), but it does have an equilibrium in “mixed”
strategies in which players choose which strategies to play randomly.

An easy way to understand the concept of mixed strategies is to think
about a sports contest. Should an American football team run or pass? If
the team always runs, the defense will always prepare a good run defense,
and the same will happen if the team always passes. The best strategy is to
mix between runs and passes to try to keep the defense guessing. The exact
probability of running will vary from team to team, depending on its players’
abilities, and from game to game, depending on the abilities of rival players.
The idea is to use the element of surprise to keep your opponent from taking
advantage of your strategy.

In the equilibrium of our monitoring/shirking game, managers randomly
monitor employees’ behavior, and employees randomly shirk. As the manager’s
goal is to affect the behavior of the employee, it turns out that the probability
of monitoring depends on how much the employee gains by shirking, and the
probability of shirking depends on how much it costs the employer to monitor
the employee’s behavior.

Now that we understand behavior in this game, let’s try to figure out how
to change the outcome to our advantage. The employer can reduce shirking by
combining monitoring with some incentive compensation. When the employer
monitors and finds the employee is working hard, the employer can reward
the employee with a bonus; or, cquivalently, when the employer monitors and
finds the employce is shirking, the employer can punish him with a fine, like
demotion or dismissal. This combination of monitoring and incentive com-
pensation can reduce the costs of controlling self-interested employees. We'll
return to this problem in Chapter 21 when we discuss aligning employee
incentives with the goals of the firm.

SUMMARY & HOMEWORK PROBLEMS

Summary of Main Points

o In sequential-move games, players observe
all prior decisions of the rival before decid-
ing on a strategy.

o In simultaneous-move games, players do
not observe the rival’s decision before
deciding on their own strategies.

A Nash equilibrium is a pair of strategies,
one for each player, in which each strategy
is a best response to the other. These repre-
sent the likely outcomes of games.

‘When the rules of the game are flexible,
change them to your advantage.

In sequential games, players can change the
outcome by committing to a future course of
action. Credible commitments are difficult

to make because they may require players to
threaten to act against their own self-interest.
In the prisoners’ dilemma, conflict and
cooperation are in tension—self-interest
leads the players to outcomes that no one
likes. Studying the games can help you find
a way to avoid these bad outcomes.

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copled, scanned, or duplicated, in whole or in part, WCN 02.200-203
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* Inrepeated games, it is much casier to get
out of bad situations. Here are some gen-
eral rules of thumb:

o Be nice: No first strikes.
o Be easily provoked: Respond immedi-
ately to rivals.

Be forgiving: Don't try to punish other

players too much.

Don't be envious: Focus on your own

slice of the profit pie, not on your

competitor’s.

Be clear: Make sure your competiors

can casily interpret your actions.

Multiple-Choice Questions

1. The prisoners’ dilemma is an example of

a. asequential game.

b. asimultaneous game.

¢ ashirking game.

d. adating game.

2. A Nash equilibrium

a. is where one player maximizes his pay-
off and the other doesn’t.

b. is where each player maximizes his
own payoff given the action of the
other player.

c. s where both players are maximizing
their total payoff.

d. s a unique prediction of the likely out-
come of a game.

Use the following to answer Questions 3-5:
Consider the following information for a
simultaneous-move game: two discount stores
(megastore and superstore) are interested in
expanding their market share through adver-
tising. The following table depicts the profits
of both stores with and without advertising.
Payoffs for Megastore are in black.

Superstorc.
Advertise  Don't
Advertise
Megastore  Advertise  §95, 550 $305, 555
Dot $65,5245 $165,5115

Advertise

P

3. A Nash equilibrium is

a. for Megastore to advertise and for
Superstore to advertise.

b. for Megastore to advertise and for
Superstore not to advertise.

c. for Megastore not to advertise and for
Superstore to advertise.

d. for Megastore not to advertise and for
Superstore not to advertise.

4. When the stores reach the Nash equilib-
rium, their profits will be
a. Megastore $95 and Superstore $80.

b.  Megastore $305 and Superstore $55.
. Megastore $65 and Superstore $285.
d. Megastore $165 and Superstore $115.
5. If collusion were not illegal, then it would
be optimal
a. for Megastore to advertise and for
Superstore to advertise.

b. for Megastore to advertise and for
Superstore not to advertise.

c. for Megastore not to advertise and for
Superstore to advertise.

d. for Megastore not to advertise and for
Superstore not to advertise.

6. Ina Nash equilibrium,

a. players are always maximizing their
joint profit.

b. one player is always earning a higher
profit than the other.

c. players must be playing the game
sequentially.

d. None of the above.

7. In repeated games, all of the following
make it easier to get out of bad situations
except
a.  be nice, no first strikes.

b. respond immediately to rivals.

c. punish uncooperative players as much
as you can.

d. make sure your competitors can easily
interpret your actions.

Refer to the following strategic form game

of price competition for Questions 8 and 9.

Learning. All Righis Reserved. May not be copled. scenned. or dupiicated. in whole o¢ I pert. WCHN 03-208-203
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Firm B
Low Price  High Price
FirmA  Low Price 0,0  50,-10
HighPrice  —10,50 25, 25

8. If this game is played once, then
firm A will charge a low price, and
firm B will charge a low price.

b. firm A will charge a high price, and
firm B will charge a low price.

<. firm A will charge a low price, and
firm B will charge a high price.

d. firm A will charge a high price, and
firm B will charge a high price.

9. Suppose the game i infinitely repeated. What
strategies will each firm likely utilize?

a. Firm A will charge a low price, and
firm B will charge a low price.

b, Firm A will charge a high price, and
firm B will charge a low price.

c. Firm A will charge a low price, and
firm B will charge a high price.

d. Firm A will charge a high price, and
firm B will charge a high price.

10. You,a real-estate developer, own a piece
of land in Nassau, Bahamas, next to an
equally sized piece of land owned by a
competitor. Both of you have the choice of
building a casino or a hotel. Your payoffs
are as follows:

You

Hotel

Casino

Your Casino 3,3

5,20

20,5

Competitor  Hotel 2,2

How much is it worth to you to get your
casino building permit first?

a.  $2 million

b.  $3 million

c. $15 million

d. $17 million

[
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Individual Problems
151 To Vote or Not to Vote

Mr. and Mrs. Ward typically vote oppositely in
elections and so their votes “cancel cach other

ut.” They cach gain two units of utility from
a vote for their positions (and lose two units of
utility from a vote against their positions).
However, the bother of actually voting costs cach
one unit of utility. Diagram a game in which they
choose whether to vote or not to vote.

152 To Vote or Not to Vote Part I

Suppose Mr. and Mrs. Ward agreed not to vote
in tomorrow’s election. Would such an agree-
ment improve utility? Would such an agreement
be an equilibrium?

15-3 Compatibility
Microsoft and a smaller rival often have to
select from one of two competing technolo-
gies. The rival always prefers to select the same
technology as Microsoft (because compatibility
is important), while Microsoft always wants
to select a different technology from its rival.
Describe the equilibrium of this game.

154 Salary Negotiation

The following figure represents the potential
outcomes of your first salary negotiation after
graduation.

Assuming that this is a sequential-move
game with the employer moving first, indicate
the most likely outcome. Does the ability to
move first give the employer an advantage? If
50, how? As the employee, s there anything you
could do to realize a higher payoff?

155 Renegotiating Employment Contracts

Every year, management and labor renegotiate
a new employment contract by sending their
proposals to an arbitrator who chooses the best
proposal (effectively giving one side or the other
$1 million). Each side can choose to hire, or
not hire, an expensive labor lawyer (at a cost of

Learning. All Righis Reserved. May not be copled. scenned. or dupiicated. in whole o¢ I pert. WCHN 03-208-203
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$200,000) who is effective at preparing the pro-
posal in the best light. If neither hires lawyers
or if both hire lawyers, cach side can expect to
win about half the time. If only one side hires
a lawyer, it can expect to win three-quarters of
the time.

1. Diagram this simultancous-move game.

2. What is the Nash equilibrium of the game?
3. Would the sides want to ban lawyers?

156 Entry Game with Withdrawal

In the text, we considered a sequential-move
game in which an entrant was considering
entering an industry in competition with an
incumbent firm (Figure 15.1). Consider now
that the entrant, if fought, has the possibility of
withdrawing from the industry (at a loss of 1
for the entrant and a gain of 8 for the incum-
bent), or staying (at a loss of 5 for each player).

END NOTES

. For sequential games, this is a specific type
of Nash equilibrium called a subgame-
perfect or rollback equilibrium.

When a player has the same best response
to anything that other players might do, it is
called a dominant strategy. Here, “Confess™
is dominant for both Jesse and Frank.

[

Copyright 2018 Ces

What is the equilibrium of this game? Discuss
if the entrant is better off with or without the
ability to withdraw.

Group Problem

G15-1 Strategic Game

Describe some interaction your company has
with another entity (firms producing comple-
mentary or substitute products, upstream sup-
pliers, or downstream customers), or between
internal divisions within your firm that can be
described as a sequential or simultaneous game.
Diagram the strategies, players, and compute
payoffs as best you can. Compute the Nash
equilibria. What can you do to change the rules
of the game to your advantage? Compute the
profit consequences of your advice.

3. Retail scanner data and company loyalty
programs sometimes make such discrimi-
nation possible. For a detailed analysis of
these strategies, see Greg Shaffer and Z.
John Zhang, “Competitive Coupon Target-
ing,” Marketing Science 14 (1995): 395-416
and Greg Shaffer and Z. John Zhang, “Pay

Learning. All Righis Reserved. May not be copled. scenned. or dupiicated. in whole o¢ I pert. WCHN 03-208-203





image19.png
to Switch or Pay to Stay: Preference-Based
Price Discrimination in Markets with
Switching Costs,” Journal of Economics and
Management Strategy 9 (2000): 397-424.

CHAPTER 15 * Strategic Games 203

6. John H. Shenefield and Irwin M. Stelzer,
“Common Sense Guidelines,” in The Anti-
trust Latws: A Primer, 3rd ed. (Washington,
DC: AEI Press, 1998), 123-126.

4. Examples of these so-called pay-to-switch 7. Actually, the classic version of the game of
strategies include Coca-Cola’s giving a dis- chicken involved two cars driving toward
count on Diet Coke to purchasers of Diet the edge of a cliff, with the winner being the
Pepsi and Chesebrough-Pond’s giving a dis- one who jumped out of the car last. Our
count on Mentadent Toothpaste to purchas-  updated version preserves the cars as well as
ers of PeroxiCare. See Ibid. the drivers.

5. For more on how the advertising ban actu- 8. In an alternate version of the Dating Game,
ally benefitted the tobacco companies, see players’ preferences for one event over the
James L. Hamilton, “The Demand for Ciga-  other are not as strong as their preference to
rettes: Advertising, the Health Scare, and the  be together. In this case, the game has two
Cigarette Advertising Ban,” Revietw of Eco- equilibria in which both attend the same
nomics and Statistics 54 (1972): 401-411. event.
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In the summer of 2011, the owners of the National Basketball Association
(NBA) were locked in negotiations with the players’ union over how to split
revenue. The union wanted 57%, equal to its previous contract, but the own-
ers were offering only 50%. Despite some concessions from the players’ union,
the owners locked out the players, canceling the beginning of the season. After
months of finger-pointing and legal threats, the players settled for what the
owners had originally offered.

In contrast to the players union, public sector employee unions have been
able to bargain much more successfully. In places like California, with strong
unions, public sector workers earn as much as 30% more than their private
sector counterparts, by some estimates. In Central Falls, Rhode Island, the
city workers were able to win retirement benefits so generous that they bank-
rupted the city.

A similar contrast appears in the bargaining over drug prices. Hospi-
tals and health maintenance organizations (HMOs) are able to buy drugs at
prices that are 10% to 40% less than drugstores pay. What accounts for these
differences?

In this chapter, we answer these questions from two different, but comple-
mentary, points of view. We begin with a strategic view that characterizes bar-
gaining as a formal game of chicken where the ability to commit to a position
gives one player bargaining power over its rivals.

The other view of bargaining begins with the observation that real nego-
tiations rarely have rules like the ones that characterize formal games. Under
this view of bargaining, it is the alternatives to agreement that determine the
terms of agreement, regardless of the precise form of the negotiations. If you
can increase your opponent’s gain to reaching agreement (or decrease your
own), you make your opponent more eager to reach agreement, and this
allows you to capture a bigger share of the proverbial pie.
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Strategic View of Bargaining

In this section, we model bargaining as a gane of chicken where the ability to
commit to a position gives one player bargaining power over rivals. To make
this concrete, imagine that a company’s managers are bargaining with a labor
union over a fixed sum and that each player has just two possible strategies:
bargain hard or accommodate. If both bargain hard, they'll fail to reach a
deal, and therefore cach will earn nothing; if both accommodate, they split the
gains from trade. If one player bargains hard and the other accommaodates, the
player who bargains hard takes 75% of the gains from agreement.

In Table 16.1, we see that this game has the same logical structure as a
game of chicken. If both players accommodate, they split the gains from trade
(lower righ), but this is not an equilibrium because cither player can do better
by bargaining hard. If both bargain hard, then cach carns nothing (upper left),
but this is not an equilibrium because cither player can do better by accom-
modating the other. The two equilibria, {Bargain Hard, Accommodate} in the
upper-right quadrant and {Accommodate, Bargain Hard} in the lower-left
quadrant, are where cach party is playing optimally against its rival.

TABLE 16.1
Labor Negotiation Game

Management
Bargain Hard  Accommodate
BargainHard 0, 0 25,25
Union
Accommodate 25,75 50,50

At this point, you should know what to expect in a game of chicken—both
parties will try to steer the game to their preferred equilibrium by committing
to a position. If you can convince your rival that you're going to bargain hard,
regardless of what your rival does, he will do better by accommodating, and
you will get a bigger share of the gains from trade.

To see the value of commitment, we examine the game as a sequential-
move game where the party able to make a commitment gets to move first.
In this case, imagine that the union makes either a generous offer or a low
offer; and then management must either accept or reject the offer. If manage-
ment accepts the offer, it earns what the union offered; if not, management
locks out the union, and each party earns nothing.

We diagram the offers and payoffs in Figure 16.1. To analyze the game,
we begin at the second stage, and notice that the management does better
by accepting whatever is offered in the first stage. Regardless of whether the
union makes a generous offer or a low offer, accepting the offer gives manage-
ment a higher payout than rejecting it. Realizing this, the union makes a low
offer at the first stage and earns 75% instead of 25%. We identify the equilib-
rium by putting two lines through all the suboptimal options in Figure 16.1.
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Union

Management Management

Reject

Accept (lock out)

75,25 00 2575 0.0

FIGURE 16.1 Labor Negotiation Game with Union Commitment

“This game illustrates a classic first-mover advantage—by moving first, or
equivalently, by committing to bargain hard, the union can capture most of
the gains from trade.

By now you should be able to recognize that the simultancous-move game
is symmetric, which means that if management can commit to lock out the
union if it receives a low offer, it can change the outcome of the game. If the
union believes management’s threat, it will make a generous offer instead of a
low one.

As in the entry deterrence game in Chapter 15, by committing to a posi-
tion, management changes the equilibrium of the game by climinating an
option. We illustrate the new equilibrium in Figure 16.2.

Union

Generous Offer

Management Management

Reject

Reject
(lock out)

(ockoup ~ Accept

00 2575 0,0

FIGURE 16.2 Labor Negotiation Game with Management Commitment to Lock Out
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Although committing to a lockout sounds simple, it's difficult for the man-
agement to persuade the union that it will pursue an otherwise unprofitable
strategy. If the threat is not believed by the union, management might actually
have to carry through on the threat, leading to the following maxims

The best threat is one you never have to use.

Lockouts (and strikes) occur because the union doesn’t believe manage-
ments threat. In these cases, the only way for management to convince the
union that it’s committed to a lockout is to actually lock the union out.

To summarize: the strategic view of bargaining suggests that if you can
commit to a position, you can capture a bigger share of the gains from agree-
ment. But committing to a position is difficult because it requires you to act
against your self-interest. If your rival doesn’t believe your commitment, she
will test you and you may go through a period of no agreement.

To see the practical implications of the strategic view, imagine that you are
buying a new car. To get a better price, try to put the car dealer in a position
where he is forced o cither accept or reject your offer. First, figure out which
car you want to buy and exactly which features you want. Then, do some
research to find out what the dealer’s actual cost is and calculate a price where
the dealer can make some, but not too much, money. Bring only one check,
preferably a cashier’s check that cannot be modified, made out for a specific
amount, and threaten to leave if the dealer says anything but “yes” to your
offer. If the car dealer believes you, then your offer is likely to be accepted.

Nonstrategic View of Bargaining

The games just described take a strategic view of bargaining, in which the
outcome depends on who moves first and who can commit to a position.
This dependence of the bargaining outcome on the precise rules of the bar-
gaining game is a little disturbing because real-world bargaining rarely has
such well-defined rules. To address this shortcoming, John Nash, the same
mathematician responsible for the Nash equilibrium, proved that any rea-
sonable bargaining outcome would split the gains from trade.! We call this
an “axiomatic” or “nonstrategic” view of bargaining because it does not
depend on the rules of the bargaining game or whether players can commit
to a position.

To understand this result, imagine two players bargaining with cach other.
Without agreement, Player 1 carns D, and Player 2 carns D, These are some-
times called the players’ “outside options” or “disagreement values.” If they
reach an agreement, they carn A. If the gains to trade are positive, that is,
if A — (D, + D,) > 0, then they are split evenly by the parties. In this case,
Player 1 receives

D, + (A= (D, +D))/2=(A+D, - D)2,
and Player 2 receives

D,+ (A= (D, +D))/2=(A+D,- D)2
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Notice that each player’s split depends not only on how much the agree-
ment is worth (4), but also on the players’ outside options, or disagreement
values (D, and D). Player 1 receives more if his outside option is better or
if Player 2’s outside option is worse. This leads immediately to the following
advice:

To improve your own bargaining position, improve your outside option,
or decrease that of your opponent.

This nonstrategic view of bargaining tells you that if you can decrease
your own gain to reaching agreement by improving your outside option, you
become a tougher bargainer because you have less to gain by reaching agree-
ment. For example, the best time to ask for a raise is when you already have
an attractive offer from another company (D, is big). Because you have a good
alternative, your gain to reaching agreement is small, which makes you less
eager to reach agreement. Note the similarity of the disagreement value to
the idea of opportunity cost. The cost of staying in your current job is the
offer you give up if you stay. If you have a good alternative offer, the oppor-
tunity cost of staying in your job is high, putting you in a stronger bargaining
position.

‘The result also tells us how bargaining is likely to change as circumstances
change. Suppose, for example, that Player 1 receives a bonus B for reaching
agreement. The total gain to reaching agreement has now risen from A to
A + B. The nonstrategic view of bargaining tells us that this bonus will be
split between the two parties. In essence, Player 1 “gives away™ half of his
bonus to Player 2. If you increase the first player’s gain to reaching an agree-
ment, you make him more eager to reach agreement, and this puts him in a
weaker bargaining position.

Bonuses like this are similar to incentive compensation schemes that
companies adopt to induce salespeople to increase sales. Offering salespeo-
ple bonuses increases their eagerness to reach agreement with their customers,
and this makes them weaker bargainers. So, if you give your salespeople an
incentive like this, you can expect lower prices when they negotiate with cus-
tomers. We will come back to this theme in Chapter 21 when we talk about
how to align the incentives of salespeople—who typically prefer lower prices
so they can make more sales—with the profitability goals of the company.

To understand how advice gleaned from Nash’s bargaining outcome
differs from advice gleaned from analyzing bargaining as a strategic game,
let’s return to the union/management game. The strategic view of bargaining
emphasized the role of commitment and timing in affecting the outcome of a
game. For example, management’s commitment to lock out the union in the
event of a low offer changes the equilibrium of the game. But strategies play
1o role in the nonstrategic view of bargaining. Only a strike that hurts man-
agement more than it hurts the union can improve the bargaining position of
labor. This is why strike threats are more common during seasonal peaks in
demand, when it would hurt the firm more than it would hurt the union. By
changing the alternatives to agreement for management (bigger loss during a
strike), the union can increase management’s willingness to reach agreement.
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The next time you shop for a car, keep in mind that salespeople typically
get paid commissions at the end of the month. So buying a car near the end
of the month means that the salesperson earns an immediate commission.
This immediacy raises the gain to reaching agreement (remember that current
dollars are worth more than future dollars due to the time value of money),
increasing the likelihood that yowll receive a better offer. You can also shop
for cars at unpopular times, like Black Friday or Christmas Eve, when demand
is low. Look at it from the salesperson’s point of view: the cost of selling to
you is the forgone opportunity to sell to someone else. If there is no one else
around, the cost of selling to you is essentially zero; or equivalently, the sales-
person’s outside alternative is very poor.

Mergers or acquisitions of rivals can also strengthen your bargaining posi-
tion. Suppose an insurance company is putting together a network of hospitals
to serve its client base. The insurance company bargains with individual hospi-
tals over whether to include them in the network and what price they'll charge
if included in the network. To get better prices, the insurance company threat-
ens to exclude one hospital in favor of a nearby substitute hospital. But if the
two hospitals merge and bargain together, the insurance company’s bargain-
ing alternatives become much worse. If the insurance company fails to reach
agreement with the merged hospitals, then its managers must go to the third-
best alternative, which might be farther away from its client base. This would
reduce the attractiveness—and profitability—of the network, and make the
insurance company more cager to reach agreement with the merged hospital.

To make this concrete, let’s use a numerical example. Suppose an insur-
ance company can market its network to an employer for $100 per subscriber
if the network contains one of two hospitals and for $120 if it contains both,
but the insurance company cannot market the plan at all without at least one
of the hospitals. The insurance company goes to the first hospital and tells
them that they are likely o reach agreement with the second. This makes the
gain from adding the hospital to its network that already has the other hospi-
tal in it only $20. Under the nonstrategic view of bargaining, this $20 is evenly
split between the hospital and the insurance company. The insurance company
does the same thing to the second hospital. Thus, before a merger, the insur-
ance company plays each hospital against the other, and cach hospital gets
only $10 for joining the network.

Now suppose the two hospitals merge and bargain together. The insur-
ance company can no longer threaten to drop one of the hospitals in favor
of the other, so the gain from striking a bargain with the merged hospitals is
the full $120, which is also evenly split in the Nash bargaining solution. The
merger increases the total payment to the hospitals from $20 to $60.

lm Conclusion

Let’s close this chapter by applying the nonstrategic view of bargaining to the
different negotiations in the introduction. To do this, we focus on the outside
alternatives of cach of the partics. Let’s begin with the NBA lockout. If the play-
ers don't play, they lose not only their salaries (half of the revenue), but they also
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lose a year of longevity (the average player plays for only five years). In con-
trast, the owners lose only the contribution margin (half of the revenue minus
the variable cost), which is much smaller than what the players lose. Because
they have less to gain from reaching agreement, the owners were less eager to
reach agreement, and this allowed them to get most of what they asked for.

Public employee unions are particularly good bargainers because they
help elect (and defeat) the politicians they bargain against. If a politician fails
to reach agreement with the union, she knows that the union can help put her
out of a job. This makes the politician more cager to reach agreement and a
weaker bargainer. The end result is that public sector unions earn more than
private sector workers who have to bargain against bosses whose compensa-
tion is typically tied to the profitability of the company.

Finally, let’s look at the bargaining between drug companies and two dif-
ferent types of customers, retail drugstores and hospitals. Drugstores typically
carry all the competing brands because this is what their customers want. If
they fail to stock a drug, the customer will go to a competing drugstore that
carries the drug. The drug store will lose not only the profit on sale of the
drug, but also the profit on sales of other items that the customer would have
bought when buying the drug. For this reason, drugstores are cager to reach
agreement on all brands, so they don’t get very good prices.

‘The greater bargaining power of hospitals is due to their ability to “steer”
patients toward a particular drug. To do this, they use formularies, which limit
the number of brands in cach class. For example, they will carry only one
nondrowsy allergy drug. This creates price competition among the nondrowsy
allergy drug brands o get onto the formulary. As a result, hospitals are able to
get beter prices.

In this chapter, we have described two different ways of thinking about bar-
gaining. This raises the obvious question, which is better? The answer is that “it
depends” on the particular setting in which you find yourself. If you can credi-
bly commit to a position by, for example, making a take-it-or-leave-it offer, then
g0 ahead. If, as is more likely, commitment is costly or not credible, then try to
change the alternatives to agreement, as they determine the terms of agreement.

SUMMARY & HOMEWORK PROBLEMS

Summary of Main Points

 The strategic view of bargaining envisions
bargaining as a game of chicken where
the ability to commit to a position allows
a player to capture the lion’s share of the
gains from trade.

* However, credible commitments are diffi-
cult to make because they require players to
commit to a course of action against their
self-interest.

* The nonstrategic view of bargaining does
not focus on the explicit rules of the game
to understand the likely outcome of the
bargaining. Rather, it is the alternatives to
agreement that determine the terms of any
agreement.

Anything you can do to increase your
opponent’s gains from reaching agreement
or to decrease your own will improve your
bargaining position.
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Multiple-Choice Questions

1.

For threats or commitments to be effective,
they must be

a. irrational.

b. profitable.

¢ credible.

d. none of the above.

Fred and his employer both know that
Fred can generate $200,000 of profit per
year for his company. After negotiations,
they agree that he will carn $110,000

in annual compensation. What does this
imply for the value of his outside or next
best alternative?

a. $0

b. $5,000
c. $10,000
d. $20,000

How many pure strategy equilibria does
the following game have?

o oe
wN e~ o

Labor

Bargain
Hard Be Nice

4.

Management

Bargain
Hard 0, 0

12,18

20,10

Be Nice 15,15

In the game in Question 3, how much does
Labor earn if they can move first?
a. 10

b. 15
c 18
d. 20

Consider a vendor-buyer relationship.
Which of the following conditions would
lead to the buyer having more bargaining
power?

Copyriaht 2018 Cer rorning. All Rigihts.

a. Lots of substitutes for the vendor’s
product are available.

b. There are relatively few buyers and
many vendors.

c. It costs little for buyers to switch
vendors.

d.  All of the above.

Consider bargaining in which each party

increases its outside option by $10,000.

Which of the following is a likely result.

a. The chance of a deal increases.

b. Each party’s share of the bargaining
surplus increases by $10,000.

c. The bargaining split remains the same.

d. Each party share of the bargaining
surplus increases by $5,000.

Pete and Lisa are entering into a bargaining

situation in which Pete stands to gain up

t0 $5,000 and Lisa stands to gain up to

$1,000, provided they reach agreement.

Who s likely to have the stronger

bargaining position?

a. Pete

b. Lisa

c. They will be equally effective.

d. These potential gains will have no
impact on bargaining.

George and KC have been working jobs

that pay $60,000 and $30,000 per year,

respectively. They are trying to decide

whether to quit their jobs and jointly open

up a taco stand on the beach, which they

estimate can earn $150,000 per year. How

will the taco stand proceeds be split?

a. They won’t quit their jobs.

b. George gets $90,000 and KC gets
$60,000.

. George gets $75,000 and KC gets
$75,000.

d. George gets $100,000 and KC gets
$50,000.

The game of chicken has

a. asecond-mover advantage.

b. a first-mover advantage.

c. no sequential-move advantage.

d. potential sequential-move advantages,
depending on the players.

rved. May not be conled. scanned, or dupiicated, in whole o In Dart. WCN 02-208.203





image28.png
10. Two hospitals are bargaining with an
insurance company to get into its provider
network. The insurance company can carn
$100 if it puts one of the hospitals in its net-
work and $200 if it puts both hospitals in
its network. If both hospitals merge and bar-
gain jointly, how much more will they carn?
a. $0

b. $50
c. $100
d. $200

Individual Problems

16-1 Newspaper Bargaining
Two equal-sized newspapers have an overlap
in circulation of 10% (10% of the subscribers
subscribe to both newspapers). Advertisers are
willing to pay $10 to advertise in one newspa-
per but only $19 to advertise in both, because
they’re unwilling to pay twice to reach the
same subscribers. What's the likely bargaining
negotiation outcome if the advertisers bargain
by telling each newspaper that they’re going to
reach an agreement with the other newspaper,
5o the gains to reaching agreement are only $97
Suppose the two newspapers merge. What is the
likely post-merger bargaining outcome?

16-2 Airline Merger

American Airlines and British Airways are pro-
posing to merge. If British pilots and American
pilots are represented by different unions, how
would this merger affect airline costs?

16-3 House Closing

You’ve entered into a contract to purchase
a new house, and the closing is scheduled for
the next week. It’s typical for some last-minute
bargaining to occur at the closing table, where
sellers often try to tack on extra fees. You have
three options for the closing: (1) attend your-
self, (2) send an attorney authorized to close
only per the previously negotiated terms, or (3)
presign all the closing documents per the cur-
rent terms and not attend the closing. Which of

P

CHAPTER 16 * Bargaining 213

these would be most advantageous from a bar-
gaining position?

16-4 A City and Its Unions

Robert G. Flanders Jr., the state-appointed
receiver for Central Falls, RI, said his city’s dec-
laration of bankruptcy had proved invaluable
in helping it cut costs. Before the city declared
bankruptcy, he said, he had found it impossi-
ble to wring meaningful concessions out of
the city’s unions and retirees who were being
asked to give up roughly half of the pensions
they had earned as the city ran out of cash. Why
does bankruptey give the city bargaining power
against its unions?

16-5 Entering International Markets.

Your pharmaceutical firm is secking to open up
new international markets by partnering with
various local distributors. The different distribu-
tors within a country are stronger with different
market segments (hospitals, retail pharmacies,
etc.) but also have substantial overlap.

a. In Egypt, you calculate that the annual
value created by one distributor is $60 mil-
lion per year, but would be $80 million if
two distributors carried your product line.
How much of the value can you expect to
capture?

b. Argentina also has two distributors with
values similar to those in Egypt, but both
are run by the government. How does this
affect the amount you could capture?

c. In Argentina, if you do not reach an agree-
ment with the government distributors, you
can set up a less efficient Internet-based
distribution system that would generate
$20 million in value to you. How does this
affect the amount you could capture?

166 PBMs.

Pharmaceutical Benefits Managers or PBMs are
intermediaries between upstream drug manu-
facturers and downstream insurance compa-
nies. They design formularies (list of drugs that
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insurance will cover) and negotiate prices with
drug companies. PBMs want a wider variety of
drugs available to their insured populations,
but at low prices. Suppose a PBM is negotiat-
ing with two nondrowsy allergy drugs, Claritin
and Allegra, for inclusion on the formulary. The
“value” or “surplus” created by including one
nondrowsy allergy drug on the formulary is
$100, but the value of including a second drug
is only $30.

a. What's the likely bargaining negotiation
outcome if the PBM bargains by telling
each drug company that they're going
to reach agreement with the other drug
company?

b. Now suppose the two drug companies
merge. What s the likely post-merger bar-
gaining outcome?

Group Problem

G16-1 Bargaining

Describe some bargaining interaction your
company has with another entity (firms pro-
ducing complementary or substitute products,
upstream suppliers, or downstream customers),
or between internal divisions within your firm.
Describe the bargaining as cither a strategic
or nonstrategic interaction. Compute payoffs
as best you can. Compute the Nash equilibria
(strategic) or the likely outcome (nonstrategic
view). What can you do to change the bargain-
ing to your advantage? Compute the profit con-
sequences of your advice.

END NOTE

1. John Nash, “The Bargaining Problem,”
Econometrica 18, no. 2 (1950): 155-162.
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Making Decisions
with Uncertainty

X¥Z makes money by designing and developing software, They start with
a number of ideas, recommend the best ones based on market demand, dig
deeper into a few, create products, launch them, and then hope their products
succeed. Their design process is illustrated in Figure 17.1.

At the “Recommend” phase, the marketing team provides revenue pro-
jections for five candidate products. In the “Discover” phase, the technology
“department” makes estimates of the cost and complexity for the best two of
the five projects.

The company has the capacity to develop only one product at a time,
so it is critical that it picks the most profitable. In 2011, based on the data

Software Product Selection Method

XYZ's “Funnel” Approach
50 Ideas

5 Recommendations
2 Candidates

1 Product

00r1 Products.

FIGURE 17.1  XYZ Design Process
217
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presented in Table 17.1, the company decided to develop product A because it
looked as if it was going to carn $300K more than product B.

TABLE 17.1
XYZ Profit Projections
Product A Product B
Technology Complex Simple
Projected revenue  $1 million $600,000
Cost $200,000 $100,000
Profit $800,000 $500,000

Unfortunately, the product was scrapped prior to launch, which put the
company into a financial hole and prompted a formal review of the deci-
sion-making process by the board of directors. What the review discovered
was a classic trade-off: more technically complex projects had higher potential
revenue, but they were also more likely to be scrapped prior to launch, due to
their inherent complexity. In fact, a review of last four years of data indicated
that only 50% of the more complex products were launched, compared to a
75% launch rate for simpler products.

This mistake could have casily been avoided had XYZ known how to
make decisions in the face of uncertainty, the topic of this chapter. In what
follows, we show you how to quantify uncertainty by replacing known quan-
tities with random variables.!

lﬂl Random Variables and Probability

You'll never have as much information as you want—especially when you're
faced with a significant decision. This means that you cannot simply compute
the costs and benefits of a decision (as we did in Chapter 3) because costs o
benefits will be uncertain. Instead, we use random variables to take account
of what we don’t know. When we're uncertain about what value a variable
will take, we identify the situations in which it takes on different values, list
the possible values, and assign a probability to cach value. Usually, we are
interested in expected values, or average outcomes, computed using a weighted
average, where the weights are the probabilitics.

The mean or expected value of a random variable that can take on two
values, (x,, x,), with probabilitics {p, 1 — pl, is E[X] = p X x, + (1 - p) X x,.
In general, the expected value of a random variable that can take on N values is

E[X]=p, X x +p,Xx,+ 4 py Xxy

where the probabilities sum to one. In this chapter, we will work with
discrete random variables, which can assume only a limited number of values.
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As a simple example of how to use random variables, suppose you go to a
carnival and contemplate playing a game called the Wheel of Cash. The wheel
looks like a simple roulette wheel, with three pie-like wedges. On each wedge
is a number: $100, $75, and $5. If the cost to play is $50, should you take a
chance on the game?

First, note that you have three possible outcomes: $100, $75, and §5. If the
wheel is fair—that is, if cach outcome has an equal probability of occurring—
then the expected value of playing the game is (1/3)($100)+(1/3)($75)+(1/3)
(85) = $60. So it looks like a really good deal. On average, you'll carn $10
every time you play. But before playing, you should remember this maxims

If a deal seems too good to be true, it probably is.

I players could really carn, on average, $10 cach time they played, we'd
expect to sce a very long line of players cager to take their chances. Likewise,
we'd expect to see the carnival losing money on the game. However, because
this is an ongoing operation, we should recognize that it is probably not losing
money. What's more likely is that the wheel is ot fair and that it lands on the
$5 wedge more frequently than on the other two wedges. For example, if the
wheel is twice as likely to land on the $5 than on the $75 or $100 wedges, then
the expected value of playing is only (1/6)($100)+(1/6)($75)+(2/3)($5) =
$32.50. On average, you lose (and the carnival carns) $17.50 every time you
play.

Now, let’s return to the decision facing our software development com-
pany, XYZ. If the firm decides to develop the complex product (A), it incurs
costs of $200K, and then have a 50% chance of launching, and recciving rev-
enue of $1 million. If the firm decides to develop the simple product (B), it
incurs costs of only $100K, and have a 75% chance of launching, but receiv-
ing revenue of $600K. What should XYZ do? We diagram the consequences
of the decision in Figure 17.2.

XYZ Software Company
Develop Product A Develop Product B
(0.5) * $800K + (0.5) * ~$200K (0.75) * $500K + (0.25) * ~$100K
=$300K =$350K
Launch A Scrap A Launch B Scrap B
(probabilty = 0.5) (probability = 0.5) Grobabiliy = 0.75) (probabilty = 0.25)
Firm Profit = $800K  Firm Loss = $200K  Firm Profit = $500K Firm Loss = $100K

FIGURE 17.2 Modeling an Uncertain Decision
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Look first at the left branch of the decision tree in Figure 17.2. If XYZ
decides to develop product A, it doesn’t know whether the product will make
it to the launch stage. If it is lucky, it will end up in the first box on the botrom
row, and earn $800K (computed as $1,000K revenue minus $200K develop-
ment cost). If it gets unlucky, the product will not be launched, and the firm
will lose the $200K development cost. The firm quantifies its uncertainty by
estimating a 50% probability of landing in the first box, and a 50% probabil-
ity of landing in the second. The expected profit of launching product A is the
weighted average of the profit in each box, or $300K. This is computed in the
box labeled “Develop Product A.”

Now look at the right branch of the decision tree in Figure 17.2. If XYZ
decides to develop product B, it doesn’t know whether the product will make
it to the launch stage. If it is lucky, it will end up in the third box on the bot-
tom row, and earn $500K (computed as $600K revenue minus $100K devel-
opment cost). If it gets unlucky, the product will not be launched, and the firm
will lose the $100K development cost. The firm quantifies its uncertainty by
estimating a 75% probability of landing in the third box, and a 25% proba-
bility of landing in the fourth. The expected profit of launching product B is
the weighted average of the profit in each box, or $350K. This is computed in
the box labeled “Develop Product B.”

Although more than $S0K of expected profit separates the alternatives,
you want to make sure that the firm has estimated probabilities precisely
enough to distinguish between the two alternatives.

Do not get lulled into a sense of false precision.

A simple way to determine if your probabilities are precise enough is to
sce how different they would have to be to reverse the decision. If the proba-
bility of a successful launch for product B were 67% instead of 75% or if the
probability of a successful launch for product A were 55% instead of 50%,
the decision would be reversed. If, XYZ Software has no more confidence in
one set of probabilities than in the other, the decision is a wash. Thus, XYZ
may want to gather more information—perhaps by surveying end users or
consulting with outside software engincers in hopes of estimating the proba-
bilities more precisely.

“This kind of analysis also clearly identifics the two separate risks that
XYZ faces. Since the decision is so close, a next step might be to find a cre-
ative way to avoid cither possible risk. Perhaps the firm could find a better
way to screen potential projects. For example, XYZ may be able to evaluate
the software projects sooner, which may reduce the potential loss if they do
not launch.

For another example of how uncertainty could change the decision
making, let’s return to the entry deterrence example in Chapter 15. Suppose
that the potential entrant is uncertain about whether the incumbent will
price low if it enters, and it quantifies this uncertainty by placing a 40%
chance on a low price following entry. So the entrant faces a 60% chance
of carning $5, but also a 40% chance of losing $5. The expected value of
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Entrant
Enter Stay Out
(0.60) x 85 + (0.40) x -85 = $1.00 $o

l—|—|

Incumbent Prices High  Incumbent Prices Low

(probability = 0.60)
Entrant profit=$5  Entrant profit = -$5

FIGURE 17.3  Entry Decision with Uncertainty

entering is (0.4)(=$5) + (0.6)($5) = $1.00. The expected value of staying
out of the industry is $0. So the expected benefits are $1.00 larger than the
expected costs. We illustrate this decision with a tree in Figure 17.3.

We've seen that using random variables—and their associated probability
distributions—rather than exact numbers to do benefit-cost analysis identifies
sources of risks and points out ways to mitigate them. But we have another
good reason for doing this kind of analysis: if things don’t turn out well, you
have a good justification for making the wrong decision. By using a distri-
bution that includes a worst-case scenario, you explicitly recognize the pos-
sibility that things can turn out poorly. By presenting decision-makers with
analyses that account for uncertainty, you allow them to distinguish between
bad luck and bad decisions.

To illustrate the final benefit of replacing exact numbers with random
variables, let’s turn to another example. Suppose an associate invites you to
invest in a new business venture. He gives you a prospectus that shows how
much money you'll make if you invest. The prospectus is based on estimates of
cost and demand. How should you analyze the prospectus?

Your associate has most likely given you a best-case scenario (low costs/
high demand). Add other scenarios (low costs/low demand, high costs/high
demand, high costs/low demand), and assign probabilities to cach scenario.
The appropriate number of scenarios will depend on the specific applica-
tion. Compute profit under cach possible outcome, and calculate expected
profit as the weighted sum of the possible outcomes. Almost certainly, your
associate will do well under all scenarios; you, however, will do well under
only a few.

‘This analysis exposes an incentive conflict between you (the investor)
and your associate. In this case, don’t invest unless you can better align his
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incentives with your own. For example, suggest that he accept a payoff that
rewards him only if the venture does well. If he declines, then most likely he
doesn’t believe his own forecasts. This is a kind of adverse selection, a topic
that we cover in Chapter 19.

Uncertainty in Pricing

If you don’t know your demand, you face uncertainty in pricing. One of the
casiest ways to model uncertainty is to classify the number and type of poten-
tial customers. Suppose you run a marketing survey and find you have two
types of customers: high-value customers willing to pay $8 and low-value con-
sumers willing to pay just $5. Your survey tells you that there are equal num-
bers of high- and low-value customers.

Obviously, you have two possible options: price high ($8) and sell only
to the high-value group, or price low ($5) and sell to everyone. Which price
should you choose? The answer is, “It depends.” In this case, it depends on
your costs, which we'll set at $3 per unit for illustrative purposes.

We plot the decision tree in Figure 17.4. If you price high, you earn
$8 — §3 = $5, provided you get a high-value customer. Since such sales
happen only 50% of the time, the expected profit is $2.50. If you price
low, you sell all the time, and you earn $5 — $3 = $2. So, price high and
sell half as many goods, and carn an expected $0.50 more on cach unit
you sell.

Note that with this high-price strategy, you're left with unconsum-
mated wealth-creating transactions—the low-value customer is willing to
pay $5 for a good that costs you $3 to produce. To consummate these
transactions, you may want to try price discrimination (see Chapters 13
and 14).

Pricing Decision

!—‘—\

Price High Price Low
(0.50) x $5+ (0.50) x $0 = $2.50 (0.50) x $2+ (0.50) x $2 = §2

!_‘_\I_‘_\

Get high-value customer ~ Get low-value customer  Get high-value customer ~ Get low-value customer

(probability = 0.50) (probability = 0.50) (probability = 0.50) (probability = 0.50)
Profit=$5 Profit = $o Profit=$2 Profit = $2

FIGURE 17.4  Pricing Decision with Uncertainty
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Price Discrimination

If you can identify the two types of customers, set different prices for each
group and prevent arbitrage between them, and then you can price discrimi-
nate. Sell at a price of $8 to the high-value customers and at a price of $5 to
the low-value customers. A common strategy can exploit observing low-value
customers rejecting the high price and leave. Try to offer a discount of $3
before they exit the store.

However, once your customers learn you’re discriminating, high-value
customers will try to mimic the behavior or appearance of low-value custom-
ers to get the lower prices. Figuring out how to correctly identify low- and
high-value customers is critical for any price discrimination scheme.

To see how identification matters, consider car salespeople. By making
customers wait at the dealership before offering them a price discount, sales-
people can identify low-value customers. The longer customers are willing to
wait, the bigger the price discount they receive. This discrimination scheme
works because the opportunity cost of time is higher for high-value customers.
Only low-value customers are willing to wait for better offers.

To defeat this kind of discrimination, try to mimic the behavior of low-
value customers. If it's too difficult for you, or if you're too impatient, hire a
negotiating agent who can bargain for you.

According to a 1995 article’ in the American Economic Review, new-
car salespeople tend to give worse offers (higher prices) to women and
minority buyers. The article described a study employing “testers” who were
given identical credit histories and bargaining scripts. The study found that
women and minority testers received worse offers than their nonminority
male counterparts.

Surprisingly, these offers did not vary with the race or gender of the sales-
person—minority and female salespeopie discriminated against minority and
female car buyers, just as their male and nonminority counterparts did. The
article concluded that the discrimination did not arise from racial or gender
bias but rather, race and gender helped identify the customer’s willingness to
pay. This kind of “statistical” discrimination is profitable, but also illegal.

Why, then, do salespeople think women and minority buyers are willing
to pay more? It could be that nonminority men are better bargainers because
they have better access to information about the costs of the car or perhaps
they simply have a “taste” for bargaining.

Data-DrIven Decision Making

At the end of her workday, Amy, a young brand manager at Shoebuy.com,
found herself in the elevator with the CEO. He asked about online sales of
her brand. When Amy admitted that online sales were sluggish, the CEO sug-
gested that displaying product reviews before product features might increase
sales. When the elevator opened on the ground floor, Amy said that she had
forgotten something and then went back to her office to run an experiment.
She set up two sites, one with the product features before product reviews
and one with the opposite. Every other online shopper was switched between
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Strategic Games

O the island of Bermuda, the Cooper & Sons chain of department stores
has been in the same family since 1897. Its largest rival, Gibbons, has been
in the hands of another family for nearly as long. Yet, a decade ago, business
began to slip. Increasing competition from Internet retailers led revenues to
decline by 30% in just a few years. Several competing department stores have
shut their doors.

In 2012, competition for the remaining dollars had become fierce.
Cooper lowered its prices to try to steal some of Gibbons’ customers. Gibbons
responded with price cuts of its own. Then Cooper cut prices even more and
expanded its store hours.

Short of starting a land war in Asia, few moves are as dumb as starting
a price war with a close competitor. Each firm mistakenly believes that it can
somehow “win” the war. When this doesn’t happen, they find themselves with
low profits, consumers who have grown accustomed to low prices, and the
problem of how to end hostilities.

In October 2012, Gibbons announced that it would not be undercut. On
its face, the announcement—*If you find a better price, we’ll match it”—
seemed to promise even lower prices, but in fact, it ended the war. Cooper
no longer had an incentive to undercut Gibbons’ prices because it couldn’t
gain customers by doing so. Gibbons’ customers would stay with Gibbons
and demand a price match instead. Quite counterintuitively, a price-matching
announcement can end a price war.

In this chapter, we show you how to use game theory to analyze situations
like these, where the profit of one firm depends critically on the actions of
others. Studying game theory will give you insight into not only where compe-
tition with rivals is likely to lead, but also how to change the rules of the game
to your advantage.

This chapter can be thought of as a complement to Chapter 10, where we
introduced three basic strategies for slowing profit erosion: (1) reducing costs,
(2) differentiating your product, and (3) reducing competitive intensity.

Learning. All Righis Reserved. May not be copled. scanned. or dupiicated. in whole o¢ In pert. WCHN 03-200-203





image37.png
224 SECTIONV * Uncertainty

the two sites. Within 24 hours, Amy had collected enough data to determine
which display worked best. Three days later, she c-mailed the CEO to report
the results of her experiment: putting the reviews in front of the features
increased sales by 3%. Amy received a promotion by year’s end, and her “open
mind” and “willingness to experiment” were mentioned in her performance
review.

Increasingly, firms are hiring “quants” to run experiments to resolve the
uncertainty around business decisions. They answer questions like where
best to site new facilities or close old ones, how high to set prices, or how to
reduce employee turnover. Typically, these are questions about causality, like
“Will doing X increase Y2” To answer them, data are collected on outcomes
(like sales) from a group exposed to X, the “treatment group,” and those not
exposed, the “control group.” In Amy’s case, the customers presented with the
new design of product features before product reviews made up the treatment
group. Ideally, estimating the casual effect of a treatment X on outcome Y
would require us to observe the same group with and without the treatment.
Strictly speaking, this is impossible. The same individual cannot be in both
groups. Instead, a control group is constructed to be as close an approxima-
tion to the treated group as possible. Good analyses are those that are able to
construct good controls.

The enemy of a good control is selection bas. Selection bias occurs when
the treatment group differs systematically from the control group. When this
occurs, some of measured effect is due to both the causal effect of the treat-
ment (what we want to estimate) as well as “selection bias” (the underlying
difference between the two groups). Unless the selection bias is negligible, our
estimate could incorrectly suggest a bad decision.

Observed effect = Treatment effect + Selection bias

Different analytical tools have been developed to construct good controls
for different contexts with the goal of climinating selection bias. Ultimately, a
manager will have to evaluate how well they work.

‘The simplest technique is often the best. In the Shocbuy experiment above,
assigning every other user coming to the site is a way to climinate selection
bias. Since there is no reason to think that consumers who arrive near each
other differ in any systematic way, any differences between the groups would
tend to wash out. Since there is no selection bias, the observed difference
between the groups is due solely to the treatment effect. This s why random-
ed experiments, in which the subjects of the experiment are assigned to the
treatment group in a random or unbiased way, have come to be regarded as
“the gold standard” in data analytics.

Whenever possible, run simple randomized experiments to get unbiased
estimates of the treatment effect.

Increasingly, however, firms must use nonexperimental data on choices by
consumers, employees, vendors, and so on. This push has led to the new job
title of “data scientists” who might use “machine learning” to discern patterns
in “big data.” No matter the size of the data or how it is processed, selection
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bias remains the biggest problem. Without an experiment, a control group has
to be constructed after the fact. Because it is not randomized, it is possible for
unexpected differences between the treatment and control groups to bias the
results.

For example, say Shoebuy is trying to decide whether displaying shoe fea-
tures prominently affects sales. It might be tempting for Amy to try to esti-
mate the benefit of displaying shoe features more prominently by comparing
historical sales of shoes when features have been displayed to sales and when
features have not been displayed.

To see how selection bias could complicate inference, look at Table 17.2.
Each row shows what would have happened if we could observe both treat-
ment (features displayed prominently) and control conditions (features not
displayed prominently). This is hypothetical because we don’t really know
what would have happened to the treatment group if it was not treated or the
control group if it was treated. The true display effect is $25,000 — $9,000 =
$16,000 for the treated group versus $21,000 — $24,000 = —$4,000 for
the untreated group. This difference in effects is probably because features
are already displayed prominently where they are important (c.g., rub-
ber sole for winter boots or cushioning for running shoes). For the other
shoes, displaying these features merely clutters the marketing message and
depresses sales.

Amy compares what she does observe, the two diagonal values of $25,000
for the treated and $24,000 for the control to estimate a $1,000 effect. She
concludes that displaying features does not help sales very much. The mar-
keting department knows better and now looks suspiciously at any further
analyses that Amy produces. Her estimate includes selection bias because the
marketing department has already acted on information that Amy wants to
test for. It is not uncommon for the analyst to be asked to confirm what the
manager already knows and has acted on and this can result in selection bias.
‘The better approach was to run the experiment that Amy ran at the beginning
of this section.

TABLE 17.2
Changing Display Formats
Sales if Sales if Not Display
splayed ($) Displayed ($) Effect ($)
Shoes with Features 25,000 9,000 16,000
Displayed Prominently

Shoes without Features 21,000 24,000 ~4,000
Displayed Prominently

Observed values in bold and unobserved values in gray.

An additional problem with data analytics based on the flood of non-
experimental data is researcher bias. Sometimes the analyst has the wrong
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incentives, for example, his or her compensation depends on a certain out-
come. Since the comparison group is determined after the data are collected,
the analyst has some discretion when deciding which observations belong in
the comparison group and which do not. This may create a temptation to
admit some selection bias into the analysis in order to generate the desired,
but wrong, result. Instead of data driving the decisions, decisions are deter-
mining which data are used. When this occurs, you might get severely biased
results. For unbiased analyses, analysts should not be compensated based on
the results they generate.

Minimizing Expected Error Costs

Rather than making decisions that maximize expected profits (i.c., those
whose expected benefits are bigger than their expected costs), it is some-
times useful to think instead about minimizing expected “error costs.” This
approach is useful when one of your alternatives would work well in one state
of the world but not the other, and you are uncertain about which state of the
world you are in. For example, XYZ’s vice president for new products must
decide which products to bring to market and which to pull the plug on. For-
mally, she wants to know whether the product launch will be profitable. She
conducts cost and market research studies to assess the probability, p, that a
product launch is profitable.

We illustrate this decision in Table 17.3. The two alternatives are repre-
sented by the two rows, and our uncertainty is represented by the columns. In
other words, she can choose a row, but she doesn’t know which column she is
in. If she decides to launch the product and it is profitable, then our column
matches the row, and her error cost is zero. Likewise, if she kills the project and
it is unprofitable, the column again matches the row. The two errors are repre-
sented by the off-diagonal elements in the table: she can kill a profitable product
(a “false positive” or “Type I error”) that has a cost of C; or she can launch an
unprofitable product (a “false negative” or “Type IT error”) with a cost of C,,

TABLE 17.3
Error Costs of a Product Launch

REALITY

Profitable Unprofitable Expected
(Probability = p) (Probability = 1 - p) Error Cost

Launch product @, (1=-pxc,

Decisions Do not launch 0 PxC
product

The optimal decision is to choose the row with the smaller expected
error costs. If she launches the product, it could be unprofitable, resulting in
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expected error costs of (1—p) X C,. If she kills the product, there is still a
probability p that it would have been profitable and she caused an expected
cost of p X (C,). Therefore, launch the product if (1—p) X C, < p x C,. She
needs three picces of information to make the decision: the size of the two
error costs and the probability. Of these, there is often more uncertainty about
the probability p.

You can use a type of break-even analysis to determine how high p would
have to be before a product launch is profitable. The probability that equates
the two expected errors is P = C,/ (C, + C,). If p is above P, approve the
project. But will our vice president for product introduction be too cautious?
A failed product launch will become all too apparent to everyone, including
her superiors. In contrast, a scrubbed product launch that would have been
profitable is less apparent simply because we do not observe what did not
happen. Since her career advancement is likely to be hindered by noticeable
mistakes, she has an incentive to set too high of a value for P, or be too cau-
tious, 50 as to avoid the types of mistakes that are most visible.

Another way for her to avoid mistakes is to continue to gather information
that will make her more certain that her estimate of p is above P (or below it).
With more and beter cost studies, focus groups, and pilot studies, she becomes
more certain of making the right decision. The value of this information is that
the firm will benefit from smaller decision error costs. The important trade-off
is usually the cost of delay. Dawdling will cut into a finite product lifecycle or
will allow another firm to enter first. Optimally, she would balance the value
of more precise information with these costs of delay. However, the same
factors that led her to set too high a standard could also lead her to require
too much certainty.

“This type of analysis is also useful for balancing the risks of overpricing
and underpricing errors, which we discussed in Chapter 12. Suppose that a
cruise ship faces an uncertain demand. To model the benefits and costs of
a pricing decision, consider two states of the world: high demand and low
demand. If demand turns out to be high, it would be an error to underprice. If
demand turns out to be low, overpricing is a mistake. Predict the probability
of demand being high or low, and the costs of under- or overpricing mistakes.
Pick the option that minimizes your expected error costs.

Risk versus Uncertainty

Our approach so far has described uncertainty as something that can be
quantified using random variables; that is, you can list the possible outcomes
and assign probabilities to cach of those outcomes. Some scholars draw a
distinction between “risk”—uncertainty that can be modeled with random
variables—and “uncertainty,” which refers to outcomes that we cannot fore-
see or whose probabilities we cannot estimate. In other words, uncertainty
is a way of characterizing what we don’t know about the distribution of the
random variables themselyes.*

Understanding the difference between risk and uncertainty can be crit-
ical. Risk can be quantified, priced, and traded. It can even be hedged with
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large pools of assets. Uncertainty, in contrast, is much more difficult to deal
with. And, mistaking risk for uncertainty can have devastating consequences
because it leads to overconfidence.

At least part of blame for the recent financial crisis can be laid at the feet
of bankers who mistakenly thought they were hedging the risk associated with
complex financial instruments like collateralized debt obligations (CDOS).
This mistaken assumption came from statistical models of risk, constructed
from random variables, and tested on data from a period without any extreme
events. When the financial crisis hit, it was an outcome far outside the predic-
tions of most statistical models, and the banks found that their hedges could
not prevent them from insolvency.

So, how do you deal with uncertainty? Gathering more or better
information is often a good place to start. Some companies have turned to
prediction markets to help them try to quantify uncertain situations.® For
example, retailer Best Buy uses dispersed sets of nonexperts to predict a variety
of outcomes like holiday sales rates. Google also uses internal prediction
markets mostly focused on demand and usage forecasting. Prediction markets
gather information from a wide group of people in order to try to turn
uncertainty into risk.

Despite our best efforts, we can never be sure that the models we use to
quantify risk are the right ones. In other words, uncertainty is something that
we cannot eliminate. Consequently, it makes sense to design organizations that
can adapt to it—by keeping your options open as long as possible. We leave
you with a piece of advice from an organization that is designed to succeed
in the most uncertain of environments. The Warfighting manual of the U.S.
Marines advises us to design flexible, decentralized, organizations to succeed
iin this “intrinsically unpredictable” environment:

Because we can never eliminate uncertainty, we must learn to fight effec-
tively despite it. We can do this by developing simple, flexible plans; plan-
ning for likely contingencies; developing standing operating procedures;
and fostering initiative among subordinates.

SUMMARY & HOMEWORK PROBLEMS

Summary of Main Points and avoid the trade-off. To avoid being
discriminated against, high-value customers
will try to mimic the behavior and appear-
ance of low-value customers.

© Decisions are increasingly being driven by
data analytics. When possible run random-
ized experiments. Otherwise, consider how
systematic differences between the control
and treatment group might generate selec-
tion bias that limits the usefulness of the
analysis.

*  When you’re uncertain about the costs or
benefits of a decision, assign a simple prob-
ability distribution to the variable and com-
pute expected costs and benefits.

o When customers have unknown values, you
face a familiar trade-off: price high and sell
only to high-value customers, or price low
and sell to all customers.

o If you can identify high-value and low-
value customers, you can price discriminate

Copyright 2018 Cengage Learning. All Riohis Reserved. May not be copied. S0ann . WO 02:200-203

or duplicated, in whole or in





image42.png
« If you are facing a decision where one of
your alternatives would work well in one
state of the world but not in the other, and
you are uncertain about which state of the
world you are in, think about how to mini-
mize expected error costs.

* Because failed initiatives are visible, but
never-attempted initiatives are not, guard
against employees becoming oo cautious.

o Risk can be quantified, estimated, and
hedged. Uncertainty cannot. Don’t mistake
risk for uncertainty, and try to design insti-
tutions flexible enough to deal with unfore-
seen contingencies.

Multiple-Choice Questions

1. You are taking a multiple-choice test that
awards you 1 point for a correct answer
and penalizes you 0.25 points for an incor-
rect answer. If you have to make a random
guess and there are five possible answers,
what is the expected value of guessing?

a. 0.5 points

b. 0.25 points
c. —0.25 points
d. 0 points

2. A franchise restaurant chain is considering
a new store in an unserved part of town.
Its finance group estimates an NPV of $10
million if the population growth is 10%
(40% probability), an NPV of $4 million if
the population does not grow (30% prob-
ability), and an NPV of —$4 million if the
population shrinks 5% (30% probability).
What is the expected value of NPV (to the
nearest dollar) for the following situation?
a. $3.4 million

b. $4.0 million
c. $4.6 million
d. $5.2 million

3. You've just decided to add a new line to
your manufacturing plant. Compute the
expected loss/profit from the line addition
if you estimate the following:

P
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e There’s a 50% chance that profit will
increase by $100,000.

e There’s a 30% chance that profit will
remain the same.

e There’s a 20% chance that profit will
decrease by $15,000.
a. Gain of $100,000
b. Gain of $70,000
c. Loss of $53,000
d. Gain of $47,000

4. Your software development company is
considering investing in a new mobile
app. If it goes viral (10% probability), you
expect an NPV of $1,000,000; if it is mod-
erately successful (20% probability), you
expect an NPV of $200,000; and if it fails
(70% probability), you expect an NPV of
—$200,000. What is the expected NPV of
the product?

a. $0
b. $280,000
. $333,000

d. None of the above

5. Suppose an investment project has an NPV
of $75 million if it becomes successful and an
NPV of —$25 million if it is a failure. What
is the minimum probability of success above
which you should make the investment?
a 12

b. 1/3
c 14
d. 1710

6. To test the effectiveness of two Web
advertising agencies, you increase your ad
purchase with agency A by 50% without
changing your purchase through agency B.
The referrals to your website from agency
A increased by only 34% but the refer-
rals from agency B fell by 21%. What do
you estimate the referrals per dollar are
through agency A?

a. 1.2 referrals per dollar
b. 1.1 referrals per dollar
c. 1.0 referrals per dollar
d. 0.9 referrals per dollar

rved. May not be conled. scanned, or dupiicated, in whole o In Dart. WCN 02-208.203
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7. Your company has a customer list that in-
cludes 3,000 people. Your market research
indicates that 90 of them responded to the
coupon. If you send a coupon to one cus-
tomer at random, what's the probability
that he or she will use the coupon?

a. 0.03

b. 0.09
c 030
d. 0.90

8. Your production line has recently been
producing a serious defect. One of two
possible processes, A and B, could be the
culprit. From past experience you know
that the probability that A is causing the
problem is 0.8, but investigating A costs
$100,000 while investigating B costs only
$20,000. What are the expected error costs
of shutting down process B first?

a. $80,000

b. $20,000
c. $16,000
d. $4,000

9. You have two types of buyers for your
product. Forty percent of buyers value
your product at $10 and 60 percent
value it at $6. What price maximizes
your expected revenue?

a. $10
b. $6

c. $7.60
d. $8

10. You are considering entry into a market in
which there is currently only one producer
(incumbent). If you enter, the incumbent
can take one of two strategies, price low
o price high. If he prices high, then you
expect a $60K profit per year. If he prices
low, then you expect $20K loss per year.
You should enter if
a. you believe demand is inelastic.

b. you believe the probability that the
incumbent will price low is greater
than 0.75.

c. you believe the probability that the
incumbent will price low is less than 0.75.

d. you believe the market size is growing.

P

Individual Problems

17-1 Global Expansion

You’re the manager of global opportunities
for a U.S. manufacturer who is considering
expanding sales into Asia. Your market rescarch
has identified the market potential in Malaysia,
Philippines, and Singapore as described next:

Success Level
Mediocre  Failure

Malaysia

Probability 0.3 03 04

Units 1,200,000 600,000
Philippines

Probability 0.3 0.5 02

Units 1,000,000 320,000
Singapore

Probability 0.7 02 01

Units 700,000 400,000 0

The product sells for $10 and has unit costs of
$8. If you can enter only one market, and the
cost of entering the market (regardless of which
market you select) is $250,000, should you
enter one of these markets? If so, which one? If
you enter, what is your expected profit?

17-2 Game Show Uncertainty

In the final round of a TV game show, contes-
tants have a chance to increase their current
winnings of $1 million to $2 million. If they are
wrong, their prize is decreased to $500,000. A
contestant thinks his guess will be right 50%
of the time. Should he play? What is the lowest
probability of a correct guess that would make
playing profitable?

17-3 Ad Agencles

The residential division of Prism’s high-speed
Internet service uses one advertising agency while
its commercial division uses another. Two ana-
lysts, Andy and Brad, are asked to test evaluate the
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effectiveness of the two agencies. Andy proposes
an A/B test that compares the click-through rates
per ad for the two agencies. Brad proposes a dif-
ference-in-difference test in which the budgets for
both agencies are increased by 50% and the per-
cent change in click-through rates are compared.
‘What might be the sources of selection bias for the
two proposals? Which is likely to be smaller?

17-4 Disposing of Used Assets

Your company has a customer who is shutting
down a production line, and it is your respon-
sibility to dispose of the extrusion machine. The
company could keep it in inventory for a possible
future product and estimates that the reservation
value is $250,000. Your dealings on the second-
hand market lead you to believe that there is a
0.4 chance a random buyer will pay $300,000,a
0.25 chance the buyer will pay $350,000, a 0.1
chance the buyer will pay $400,000, and a 0.25
chance it will not sell. If you must commit to a
posted price, what price maximizes profits?

17-5 Saint Petersburg Gambles

You are offered the following gamble based on
coin flips. If the first head occurs on the first flip,
you get $2. If the first head occurs on the sec-
ond flip you get $4, and so on, so that i the first
head is on the Nth flip, you get $2N. The game

END NOTES

1. Al of the insights we develop can be gleaned
from discrete random variables that typically
take on only a few possible values. A con-
tinuous random variable assumes an infinite
number of values corresponding to the points
on an interval (or more than one interval).

2. A continuous random variable assumes an

infinite number of values corresponding to
the points on an interval (or more than one
interval).

. Tan Ayres and Peter Siegelman, “Race and

Gender Discrimination in Negotiation for
the Purchase of a New Car,” American
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ends only when a flip of the coin results in heads.
What is the expected value of this gamble? When
offered, most people say they would only pay
less than $10 to play this game. What are two
reasons why people are willing to pay so much
less than the expected value?

17-6 Hiring.
The HR department is trying to fill a vacant
position for a job with a small talent pool. Valid
applications arrive every week or so, and the
applicants all seem to bring different levels of
expertise. For each applicant, the HR manager
gathers information by trying to verify various
claims on resume, but some doubt about fit
always lingers when a decision to hire or not is
to be made. What are the Type I and IT decision
error costs? Which decision error is more likely
to be discovered by the CEO? How does this
affect the HR manager’s hiring decisions?

Group Problem

G17-1 Uncertainty

Describe a decision your company has made
when facing uncertainty. Compute the expected
costs and benefits of the decision. Offer advice
on how to proceed. Compute the profit conse-
quences of the advice.

Economic Review 84 (1995): 304. For a
further discussion of the results, see http://
islandia.law.yale.edu/ayers/carint.htm.

. The distinction between risk and uncertainty
traces back to the work of economist Frank
Knight. See F. H. Knight, Risk, Uncertainty
and Profit (New York: Augustus Kelley,
1921).

. Felix Salmon, “Recipe for Disaster: The
Formula That Killed Wall Street,” Wired,
February 23, 2009.

6. Renee Dye, “The Promise of Prediction

Markets,” McKinsey Quarterly, April 2008.
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Game theory will help you better understand the third strategy.
The likely outcome of a game is a Nash equilibrium, named for John Nash,

the mathematician (and Nobel laureate in economics) profiled in Sylvia Nasar’s

1998 book and the Academy Award-winning 2001 movie, A Beautiful Mind.

A Nash equilibrium is a pair of strategies, one for each player, in which
each strategy is a best response to the other.

In equilibrium, each player is doing the best that he or she can given what
the other player s doing. In what follows, we show how to compute equilib-
ria in cach type of game, and how to change the rules of the game to your
advantage.

In what follows, we distinguish between two different types of games:
sequential-move games and simultancous-move games.

8l Sequential-Move Games

In sequential-move games, players take turns, and each player observes what
his or her rival did before having to move. To compute the likely outcome of a
sequential game, we look ahead and reason back, or predict what will happen
tomorrow in response to each of our possible actions today. By anticipating
how the other player will react tomorrow, we can accurately forecast the con-
sequences of her own moves.

‘We represent sequential games using the extensive or tree form of a game,
familiar to anyone who has ever used a decision tree. Consider the simple two-
move game illustrated in Figure 15.1. An entrant is deciding whether to enter
an industry currently controlled by a single incumbent firm. Beginning on the
bottom of the left branch of the tree, we see that entry can lead to two dif-
ferent outcomes depending on how the incumbent reacts. The incumbent has
two choices: accommodate entry or fight it. Accommodation (.g., by keeping

Entrant

Incumbent
0,10

Accommodate

FIGURE 15.1  Entry Game
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Entrant

Incumbent

Accommodate,

55 55

FIGURE 16.2  Entry Accommodation

prices high) results in a payoff of $5 million for cach firm, whereas fighting
(e.g, by pricing low) results in a loss of $5 million for cach firm.

Initially, an entrant may fear entry because of the potential loss of
$5 million. After all, a gamble between making $5 million and losing $5 million
might not appeal to most firms. However, before deciding on a course of entry,
the entrant should look forward and reason back. If the entrant decides to enter,
the incumbent does better by accommodating. In Figure 15.2, we denote the best
response of the incumbent by crossing out the suboptimal strategy.

Once the entrant knows how the incumbent will react, she can compute
the profit for both options. If she enters, the incumbent will accommodate,
and the entrant carns $5 million. If she stays out, it doesn’t matter what the
incumbent does—the entrant carns nothing. Comparing $5 million to $0, the
entrant will enter. We denote the best strategy of the entrant in Figure 15.2 by
crossing out the suboptimal strategy. What remains is the equilibrium path
of the game, (In, Accommodate), where cach player is maximizing her payoff
when taking the actions of subsequent players into account.!

“The analysis doesn’t stop here, however. We don’t just want to figure out
what's likely to happen; we also want some guidance about how to change
the game to our advantage. For example, in this game, if the incumbent could
figure out how to deter entry, he could end up on the right branch of the tree
and carn $10 million instead of $5 million.

One way to deter entry is to threaten to fight (by slashing prices) if the
entrant should enter. We diagram the threat by eliminating one of the branches
of the trec in Figure 15.3. If the entrant believes the threat, she’ll stay out
because entry, combined with an incumbent’s low price, would yield a loss of
$5 million for the entrant. By climinating one of his own options, the incum-
bent has changed the equilibrium of the game to [Out, Fight]. This highlights
one of the interesting conclusions of this type of analysis—you can make your-
self better off by climinating one of your options.
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Entrant

Incumbent

0,10

Fight

55

FIGURE 16.3  Entry Deterrence with Commitment

The difficult part for the incumbent is convincing the entrant it will price
low following entry. Every incumbent would want to claim that hell fight
entry, but this threat, on its own, isn’t credible. This is because fighting by
pricing low is less profitable for the incumbent than pricing high if entry does
occur. The incumbent is threatening to act against his own self-interest.

To make a threat credible, you have to change the game. One way to do
this is to promise customers that any competitive offer will be beaten by 10%.
These promises are legally binding contracts in most jurisdictions. This would
credibly signal to potential entrants that the incumbent wil reduce its prices if
they enter, which would hopefully deter entry.

This is the whole point of studying game theory. Being able to compute
the equilibrium tells you where you are likely to end up. But this depends
on the payoffs and the rules of the game, neither of which is fixed. While
games like Monopoly and checkers have rigid rules, the rules governing busi-
ness interactions are often more flexible, often dictated by little more than
history or inertia. After you compute the equilibrium, try to figure out if you
can change it to your advantage.

lm Simultaneous-Move Games

In simultancous-move games, cach player decides on her strategy before know-
ing the decisions of other players. To analyze these games, we use the matrix
or strategic form of a game.

How to Find Nash Equilibria

Consider the matrix in Table 15.1. The matrix represents a game between
two parolees, Jesse and Frank, who are caught driving together shortly after
a nearby bank robbery. The police suspect Jesse and Frank but have no direct
evidence tying them to the crime. However, association with other felons is a
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TABLE 15.1
Jesse and Frank
Frank
Confess Stay Mum
Jesse Confess -5,-5 -3,-10
Stay Mum -10,-3 -2, -2

violation of parole, so the district attorney (DA) can send them both back to
jail to serve the remaining sentences on their previous crimes. The DA puts
the two parolees in separate cells and offers to go lighter on the one who
confesses.

Jesse (termed the row player because he selects rows of the matrix) has
two strategies, Confess and Stay Mum. Frank chooses between the same strat-
egies in the columns of the matrix. The payoff to cach (reflecting the number
of years in jail) is the two-clement entry (row, column) in the corresponding
cell. For example, if Jesse chooses “Confess” and Frank chooses “Stay Mum,”
then Jesse’s payoff is —3 (three years in jail) and Frank’s payoff is —10.

The game in Table 15.1 describes the three components of a game: the
players, their available strategies, and the resulting payoffs. This particular
game is about as simple as they come with just two players with two strat-
egies cach. To find Nash equilibria, we ask, “Are both players playing a best
response to what their rivals are playing?” If so, you have found a pair of
strategies that is a Nash equilibrium.

Let's start from Jesse’s perspective. For each of Frank’s possible strate-
gies, select the row strategy that maximizes Jesse’s payoff. If Frank chooses the
“Confess” column, Jesse’s best row response is to play “Confess,” carning a
payoff of —$ which is better than his “Stay Mum” payoff of —10. To indicate
this, we underline this payoff of —S. If Frank plays “Stay Mum,” Jesse’s best
response s also to play “Stay Mum,” carning a payoff of —2. In general, you
would continue through all the column player’s strategies underlining the best
row response, as shown in Table 15.2. In more complex games, best responses
might not be unique if two strategies have the same payoff. If two strategics
are tied for best response, simply underline both.

TABLE 15.2
Identifying the Row Player's Best Responses

Confess
Stay Mum





image6.png
190 SECTION IV « Strategic Decision Making

TABLE 15.3
Identifying the Column Player's Best Responses
Frank
Confess Stay Mum
Jesse Confess =5,=5 -3,-10
Stay Mum -10,-3 =2, =2

We can do the same thing for Frank’s best column responses to each row.
If Jesse plays “Confess,” Frank chooses “Confess” (because —S is better than
~10), and if Jesse plays “Stay Mum,” Frank chooses “Stay Mum.” This is
depicted in Table 15.3.

Recall that a pair of strategies is an equilibrium if both players are playing
their best responscs. Since we underlined best responses, an equilibrium occurs
whenever both payoffs in a box are underlined. In this case, the game has two
equilibria, (Confess, Confess) and (Stay Mum, Stay Mum].

The fact that there are two equilibria (including one in which both stay
mum) is a problem for the DA. If she could, the DA would like to change the
game to get Frank and Jesse to confess for sure. She does this by increasing
the reward to confessing. The DA promises Jesse that if he confesses while
Frank stays mum, she will let Jesse go free. She makes the same offer to Frank.
Table 15.4 shows how this slight alteration in the payoffs changes the players’
best responses.

TABLE 15.4
Prisoners’ Dilemma

Confess

Stay Mum

Now there is only one equilibrium. Even if Jesse thinks Frank will stay
mum, Jesse’s best response is still to confess.> The only Nash equilibrium is in
the upper-left corner, in which both players confess.

lm Prisoners’ Dilemma

The situation depicted in Table 15.4 illustrates a tension between conflict
(self-interest) and cooperation (group interest). If Frank and Jesse cooperate
by both staying mum (lower right), the group would be better off. However,
this is not an equilibrium. By following their self-interests, the players both
confess and end up in the upper left box.





