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5. {Introspection and Cognitive Hierarchy Models) Insert initial beliefs of 1713 in column
D of the spreadsheet, using R = 10 and R =50 and an error rate of 10. Think of these ini-
tial beliefs as level 0 beliefs that give equal probability to each decision. The noisy level
1 beliefs are then those in column K, and the expected claim for these beliefs is found
in cell 121, In this manner, find the level 2 beliefs and the average claim that results,
and similarly for several higher levels. At what level does the expected claim stop
changing by more than 10 percent?

B - fis) Chapfer

Coordination Games

A major role of management is to coordinate decisions so that better outcomes can be
achieved. The game considered in this chapter highlights the need for such external man-
agement, since otherwise players may get stuck in a situation where nobody exerts much
effort because others are not expected to work hard either. In these games, the productivity
of each persan’s effort depends on that of others, and there can be multiple Nash equilil-
ria, each at a different common effort level. Behavior is sensitive to factors like changes in
the effort cost or the size of the group, even though these have no effect on the set of Nash
equilibria. The experiment can be run with the Veconlab Coordination Game, Alternatively,
the matrix game with seven possible effort decisions discussed below is implemented by
the default parameters for the large matrix game program, the NXN Matrix Game pro-
gram. The instructions in this chapter's Effort Game in the Appendix are for the matrix-
game version with seven decisions.

“The Minimum Effort Game? That's One | Can Play!”

- Most productive processes involve specialized activities, where distinct individu-
#ls or teams assemble separate components that are later combined into a final product. If
this product requires ane of each of the comyponents, then the number of units finally sold
is sensitive to bottlenecks in production. For example, a marine products company that
produces 100 hulls and 80 engines will only be able to market 80 boats, Thus, there is a bot-
tleneck caused by the division with the lowest output. Students (and professors too) have
little trouble understanding the incentives of this type of minimum-effort game, as one
student’s comment in the section title indicates.

The minimum-effort game was originally discussed by Rousseau in the cantext of a
stag hunt, where a group'ofhumers form a large circle and wait for the stag to try to escape.
The chances of lilling the stag depend on the watchfulness and effort exerted by the encir-
cling hunters. If the stag observes a hunter to be napping or hunting for smaller game
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instead, then the stag will attempt an escape through that sector. If the stag is able to judge
the weakest link in the circle, then the chances of escape depend on the minimum of the
hunters’ efforts, The other aspect of the payoff is that effort is individually costly. a.g., in
terms of giving up the chance of bagging a hare or taling a rest.

The game in Table 26.1 is & 2x2 version of a minimum effort game. First, consider the
lower-left corner where each person has a low effort, and payoffs are 70 each, if the Row
player increases effort, while the Column player maintains low efforts, then the relevant
Row payoff is reduced to 60, as can be seen from the top-left box. Think of it this way: the
unilateral increase in effort will not increase the minimum, but the extra cost reduces
Row's payoff from 70 to 60, 5o the cost of this extra unit of effort is 10.

Now suppose that the initial situation is a high effort for Row and a low effort for Col-
umn, as in the upper-ieft box. An increase in Column’s effort will raise the minimum, which
raises Row’s payoff from 60 to 80. Thus, a unit increase in the minimum effort will raise
payaoffs by 20, holding one’s own effort constant. This one-unit increase in effort did not
raise the Columm player’s payoff by 20 because effort is costly, and the fact that the Calumn
player’s payoff only went up by 10 sugpests that the cost of the extra unit of effort is 10.
These abservations can be used to devise a mathematical formula for payoffls that will be
useful in devising more complex games. Let the low eflort be 1'and the high effort be 2, as
indicated by the numbers in parentheses next to the Row and Column Iabels in the payoff
table. Then the payofls in this table are determined by the formula: 60 + (20 times the min-
imum effart) — {10 times one's own effort). Let M denote the minimum effort and E denate
one's own effort, so that this formula, shown in Equation (26.1} is

a2 Rt
Own payoff=60 + 20M— 10F (26.1)
For example, the upper-right payoffs are determined by noting that both efforts are 2, so
the minimum (M) is 2, and the formula yields: 60 + (20)*2 ~ (10}*2 =80.

The forrmula in Equation (26.1) was used to construct the payoffs in Table 26.2, for the
case of efforts that can range from 1 to 7, Notice that the four numbers in the bottom-left
corner of the tahle correspond to the Row payoffs in Table 26.1. With a larger number of
possible effort levels, we see the dramatic nature of the potential gains from coordination
on high-effort outcomes. At a comman effort of 7, each person earns 130, which is almost

Table 26.1 | A Minimum Effort Game (Row's Payoff, Column's Payoff}

Column Player

Row Player Low Effort (1} High Eifort (2}
High Effort {2) 60, 70 4 = B0, BO
Low Effort (1) 70, 70 = 1 70, 6C

1 "The Minimuwm Effort Game? That's Gne | Can Play|”

The Van Huyck et al. (1980} Minimum Effart Game with Row Player’s
é Table 26.2 | Payoffs Determined by the Minimum of Others’ Effaris

Column’s Effort {or Minimum of Qther Efforts}

Row's Effort 1 2 3 4 5 ] 7
7 10 30 50 70 80 110 130
& 20 40 ) ) 100 120 120
5 30 50 70 g0 10 110 110
4 40 50 80 100 100 100 100
3 50 70 80 20 90 50 a0
2 60 80 ) 80 a0 &0 80
1 70 70 70 70 70 70 70

twice the amount earned at the lowest effort level. Movements along the diagonal from the
lower-left to the upper-right corner show the benefits from coordinated increases in effort;
a one-unit increase in the minimum effort raises payoff by 20, minus the cost of 10 for the
inereased effort, su each diagonal payoff is 10 larger than the one lower on the diagonal.

Besides the gains from coordination, there is an additional feature of Table 26.2 that is
related 1o risk. When the Row player chooses the lowest effort (in the bottom row), the pay-
offis 70 for sure, but the highest effort may yield payolffs that range from 10 to 130, depend-
Ing on the Column player’s choice. This is the strategic dilemma in this coordination game:
there is a large incentive to coordinate on high efforts, but the higher effort decisions are
risky.

An additional element of risk is introduced when more than two people are involved.
Suppose that payoils are still determined by the formula in Equation (26.1), where M is the
minimum of all players’ efforts. The result is still the payoff shown in Table 26.2, where the
payoff numbers periain to the Row player as before, but where the columns carrespand to
the minimum of the other players’ efforts. For example, the payofls are all 70 in the bottom
tow because Row'’s effort of 1 is the minimum regardiess of which column is determined by
the minimum of the others’ efforts. Notice that the incorporation of larger numbers of
players into this minimum-eflort game does not alter the essential strategic dilemma, ie.,
that high eflorts invelve high potential gains but more risk. At a deeper level, however,
there is more risk with more players, since the minimum of a large number of indepen-
dently selected efforts js likely to be small when thete is some variation from one person to
another. This is analogous to having a large number of hunters spread our in a large circle,
which gives the stag more of a chance to find a sector where one of the hunters is absent or
napping.
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Nash Equiiibria, Numbers Effects, and Experimental Evidence

These intuitive considerations (the gains from coordination and the risk_s of un-
matched high efforts) are not factors in the structure of the Nash equilibria in this game.
Consider Table 26.1, for example. If the other person is going to exert a low elfort, tl}e lhest
response is a low effort that saves on effort cost, Thus, the lower-left outcome, ]?w efforts
for each, is a Nash equilibrium. But if the other player is expected to choose a l-ug.h feffort,
then the best response is a high effort, since the gain of 20 for the increased mlm.mum
exceeds the cost of 10 for the additional unit of effort. Thus, the high-efort outcome in the
upper-right carner of Table 26.1 is also a Nash equilibrium. This is an 1rf]portant feature of
the coordination game: there are multiple equilibria, with one that is preferred to the
other(s). . -

The presence of multiple equilibria is 4 feature that differentiates this game from a
prisoner’s dilemma, where all players may prefer the high-payolf uutcon}e t]lf!t resul_ts ﬁOl’{l
cooperative behaviar. This high-payoff outcome is not a Nash equilbrium lfl a prisoner’s
dilemna since each person has a unilateral incentive to defect. The equilibrium structure
for the coordination game in Table 26.1 is not affected by adding additional pl‘ayers. each
chaosing between efforts of 1 and 2, and with the Row player’s payoffs determlnt?d by the
column that eprresponds to the minimum of the others' efforts. In this case, adding more

players does not alter the fact that there are two equilibria (in non-random strategie.s.): 2{1[
* choose low efforts or all choose high efforts. Just restricting attention to the Nash equilibeia

would mean ignoring the intuition that adding more players would seem. to make the
choice of a high effort tiskier, since it is more likely that one of the others will choose low
effort and pull the minimum down. _

The problem of multiple equilibria is more dramatic with more pussib‘le Et.‘forts, since
any common effort is a Nash equilibrivm, as shown in Table 26.2. To see this, pick z-my col-
umn and notice that the Row player's payoffs are highest on the diagonal of payoffs in bold.
As before, this structure is independent of changes in the number of players, siru:c? such
changes do not alter the payeff table, These considerations were the basis of an experiment
conducted hy Van Huyck et al. {1990), who used the payoffs from Table 26.2 for small
groups (size 2) and large groups {sizes 14-16). The large groups played the same game 10
consecutive times with the same group, and the lowest effort was announced after eac.h
round 1o enable all to calculate their payoffs (in pennies), Even though a majority of ‘il‘ldl-
viduals selected high efforts of G or 7 in the first round, the minimum effort was no higher
than 4 in the first round for any large group. With a minimum of 4, higher efforts were
wasted, and effort reductions loliowed in subsequent rounds, The minimum fell to the law-
estlevel of 1 in all of the large groups, and almost all decisions in the final round were at the
lowest level. o

This experiment is important since previously it had been a common practice in ttfeo-
retical analysis to assume that individuals could coordinate on the best Nash equilibrium
when there was general agreement about which one is best, as is the case for Table 26.2. In

26.3 Effort-Cost Effects

contrast, the subjects in the experiment managed to end up in the equilibrium that is worst
for all concerned. With groups of size 2, individuals were able to coordinate on the highest
effort, except when pairings were randomly reconfigured in each round, With random
matching, the outcomes were variable, with average efforts in the middle range, In any
case, it Is clear that group size had a large impact on the cutcomes, even though changes in
the numbers of players had no effect on the set of equilibria.

The coordination failures for large groups capeured the attention of macroeconomists,
who had long speculated about the possibility that whole economies could become mired
in low-praductivity states, where people do not engage in high levels of market activity
because no one else does. The macroeconomic implications of coordination games are dis-
cussed in Bryant (1983), Cooper and john (1998), and Romer (1996), for example,

Effort-Cost Effects

Next, consider what happens when the cost of eflfort is altered. For example, sup-
pose that the effort cost of 10 used to construct Table 26.1 i5 raised to 19, 50 that the payoffs
{for an effort of £and a minimum effort of M) will be determined by: 60 + 200 - 195, In this
case, a one-unitincrease in each person's effart raises payofs by 20 minus the cost of 19, so
the payoffs in the upper-right box of Table 26.3 aze only t unit higher than the payoffs in the
lower-left box. Notice that this increase in effort cost did not change the fact that there are
two Nash equilibrin, and that both players prefer the high-effort equilibrium. However,
simple intuition suggests that effort levels in this game may be affected by effort costs.
From the Row player's perspective, the top row affers a possible gain of only 1 and a possi-
ble loss of 19, as compared with the bottom row,

Goeree and Holt (200%a) report experiments in which the cost of effort is varied
between treatments, using the payolf formula shown in Equation (26.2):

QOwn payoff=M — ¢E {26.2)

where M is the minimum of the efforts, Fis one's own effort, and ¢ is o cost parameter that
is varied between treatments, Effort decisions were restricted to be any amounti between

A Minimum-Effort Game with High Effort Cost
Table 26.3 | (Row's Payoff, Column’s Payoff)

Column Player

Row Player Low Effort [T} High Effort (2)
High Effort (2} 42, 81 62, 62
Low Effort {1) 61, 61 81, 42
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{and including) $1.10 and $1.70. As before, any common effort is a Nash ?q:mr;lir;;l‘r:r: ;:S Slllli
i 0 and 1, because a unilate
e, as long as the cost parameter, ¢, 15 between 1, be
g?grt by uns unit will reduce the minimum by 1, but it will only reduce the cost by an

amount that is less than 1. Therefore, a unit decrease in t'affort will reduce ane sr1 Iizzzlffmlr)lﬂ
1 - Conversely, a unilateral increase in effort by one unit above sorru‘a c.nmmfgum vel v
not raise the minimum, but the payoff will fall by c. Even though dewa:ons o
mon efort are unprofitable when c is greater than U.ancl less than 1, t : mag e e
determines the relative cost of “errors” in either direction. Alarge value of ¢, sayﬂ 9,

mare costly, and a small value of c makes dwore‘cns ¥y

results far sessions that consisted of 10-I2 subjects who were
s of 10 rounds. There were three sessions with a low effort‘cnst
d for these sessions are plotted as thin dashed lines.

all three sessions of this treatment. Similarly, the
th a high effort cost

increases in effort

Figure 26.1 shows the
randomly paired for a serie
parameter of 0,25; the averages by roun

The thick dashed line is the average over : t
thin solid lines plot round-by-round averages for the three sessions wi

parameter of 0.75; the thick solid line shows the average for this treatment.

. Average Effort
r $1.B0
------------------------------ F $1.70
______ e
= == | Ow-CoOST e —— R P,
Sessions < -

51.60

£1.40

1.30
— High-Cost 5

Sessions
c=0.75 - £1.20
------------------------------------- - 51.10
T T T T $1.00
| paa— T L] T T

] 5 6 7 8 9 10

Average Efforts for the Goeree and Molt {2005a) Coordi_natinn
Experiment: Thick Lines Are Averages over Three Sessions for Each

Cost Treatment

26.4 Equifibrivm with Noisy Behavior

Efforts in the first round are in the range From $1.35 to $1.50, with no separation
between treatments, Such separation arises after several rounds, and average efforts in the
final round are $1.60 for the low-cost treatment, versus $1.25 for the high-cost treatment.
Thus, we see a strong cost effect, even though any common effort is a Nash equilibrium.

One session in each treatment seemned to approach the boundary, which raises the
issue of whether behavior will lock on one of the extremes. This pattern was observed in a
Veconlab classroom experiment in which efforts went to $1.70 by the 10th period. This kind
of extreme behavior is not universal, however. Goeree and Holt (20057) report a pair of ses-
sions that were run for 20 rounds. With an effort cost of $.25, the decisions converged to
about $1.55, and with an effort cost of $.75 the decisions leveled off at about $1.38. Both of
these outcomes seem to fit the pattern seen in Figure 26.1.

Equilibrium with Noisy Behavior

The spreadsheet-based analysls of noisy behavior [or the travelers’ dilemma, pre-
sented in the Class Experiments section in the Appendix to Chapter 25, can be adapted for
the coordination game. The steps for constructing this new spreadsheet are provided later
in this chapter (An Analysis of Noisy Behavior in the Coordination Game). The purpose of
this analysis is to show how some randomness in individual decistons can result in data
patterns (for numbers and effart-cost effects) that are roughly cansistent with those
observed in the experiments, even though these data patterns are not predicted on the
basis of an analysis of the Nash equilibria for the game.

As before, we begin by considering successive levels of iterated strategic thinking. A
level 0 person chooses each decision with equal probability, so the average decision is in
the middle of the range, at 140, as shown in the Level 0 column on the left side of Table 26.4.
Alevel 1 person believes that each decision is equally likely, and that person makes a noisy
best response calculated with the logit probabilistic choice function (ratio of exponential
functions). The resulting average effort increases to 147 for the low-cost treatment and
decreases to 132 for the high-cost treatment, as can be seen from the Level 1 columm. It is
apparent from Table 26.4 that the average claims converge by about the fifth round, to lev-
els that are reasonably close to the data averages shown in the far-right columnn of the table.

As explained in Chapter 25, the process of copying blocks of the spreadsheet celis to
adjacent locations causes the choice probabilities for ane level to become the initial beliefs
of a person at the next highest level of iterated rationality. At suecessively higher levels of
iterated rationality, the belief and choice distributions get closer and closer, When the
belief and choice distributions converge, the result is a quantal response equilibrium for
the particular error parameter used (¢ = 10). The series of choice distributions for the first
five levels of iterated rationality are graphed in Figure 26.2, beginning with a flat dashed

line {level 0}, For each treatment, the equilibriwm is reached by about level 5 {the dark line
with the QRE [abel}.
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