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A Change Would Do You Good .... An ExperimentalStudy on

How to OvercomeCoordinationFailurein Organizations
By JORDIBRANDTSANDDAVIDJ. COOPER*
Westudyhowfinancial incentivescan be used to overcomea historyof coordination
failure using controlled laboratoryexperiments.Subjects'payoffs depend on coordinating at high effort levels. In an initial phase, the benefits of coordination are
low, and play typicallyconverges to an inefficientoutcome. Wethen explore varying
financial incentivesto coordinateat a higher effort level. An increase in the benefits
of coordination leads to improvedcoordination,but large increases have no more
impact than small increases. Once subjects have coordinated on a higher effort
level, reductionsin the incentives to coordinate have little effect on behavior. (JEL
C92, D23, J31, L23, M52)
Coordinationfailure can cause corporations
and other organizations to become trapped in
situations that are unsatisfactory for all involved, even though preferable outcomes are
possible and would be stable if ever reached.
Even if the benefits of improved coordination
are obvious, any process designed to bring
about a change for the better faces substantial
obstacles. As an archetypicalexample, imagine
a firmproducingvia an assembly line where the
slowest workerdeterminesthe speed of the entire line. All the workers are exerting minimal
effort, but could be better off if all tried harder
and the line became more productive.However,
any worker who unilaterally begins to work
harder wastes his effort if slow work persists
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elsewhere. Only if our hypothetical worker is
reasonablycertainthat otherswill also be working hardershould he be willing to increase his
effort. Thus, overcoming coordinationfailure is
a question of coordinatedchange. In this paper
we study controlledlaboratoryexperimentsthat
simulate difficult environmentsof this sort. Our
goal is to explore how a history of coordination
failure can best be overcome using financial
incentives.
The answer to this question is of real importance, since coordination failure as described
above plays a central role in a numberof importanteconomic settings. Our researchis motivated primarilyby the problems presentedby
turning around a failing corporation. One insight emerging from the extensive economics
and management literatures on organizational
change is that the presence of complementarities is at the root of many organizationalproblems.1 In settings where low effort from any one
individual (or unit) can destroy overall productivity, coordinated change is necessary to improve profitability. Similar issues play an
important role in development economics.
Countriesmay fail to develop when the simultaneous industrializationof many sectors of an
economy can be profitablefor each of them, but

1

For examples, see Marc Knez and Duncan Simester's
(2001) study of ContinentalAirlines' turnaroundand Casey
Ichniowski et al.'s (1997) study of steel production.
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no sector can breakeven industrializingalone.2
The policy question in this context is how to
create a "big push" which takes an economy
from an underdevelopedstate to one of greater
prosperity.In our terms, the hope is to produce
coordinatedchange.
We study an experimentalenvironment, labeled the "corporateturnaroundgame," which
is designed to simulatea corporateenvironment
in which coordinationfailure has occurred.We
then systematically study the effects of changing incentives. More specifically, the corporate
turnaroundgame involves repeated play of a
game among four "employees"of a "firm."The
productivity and profitability of the firm are
determinedby the minimumeffort level chosen
by its four employees, a very strong form of
complementarity.The key variablein the experiments is a bonus rate set by an exogenous
manager. This bonus rate determines the fraction of the firm's profits transferredto the employees and hence governs the benefit to the
four employees of coordinatingat a high effort
level. Once the bonus rate is known, the game
played by the employees for any one round of
the corporate turnaroundgame is a weak-link
game. Initially,employees face a low bonus rate
and, by extension, low incentives to coordinate.
Under these circumstances, the experimental
"firms" typically become coordinated at the
least efficient possible outcome. We then focus
on four questions: (1) Can an increase in the
bonus rate enable the firm to overcome its coordination failure? (2) Does the magnitude of
the bonus rate increase matteror is the simple
fact of an increase effective as such? (3) If an
increase in the bonus rate brings about improvedcoordination,can the bonus rateincrease
be revoked without affecting the improvedoutcome? (4) Does the length of time a firm has
been underperformingaffect the impact of the
increase?
The experimental data yield some unexpected answers to these questions. As most
economists would expect, increasingthe bonus
rate leads to an improvement in coordination
among employees. Surprisingly,the magnitude
of the bonus rate increase doesn't matter, as

2
See Paul Rosenstein-Rodan(1943), Albert O. Hirschman (1958), Kevin M. Murphyet al. (1989), and Antonio
Ciccone and KiminoriMatsuyama(1996).
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large changes in the bonus rate lead to no
greater improvement in coordination than
smaller increases. In cases where a bonus increase leads to improved coordination,the bonus can subsequently be reduced without a
significantimpact on behavior. In other words,
the temporary application of positive incentives-"shock therapy"-can have a persistent
impact. Finally, we find that the length of time
a firm has experienced coordination failure
weakens but does not eliminate the impact of a
bonus rate increase.
To understandthese results, the coordination
problem facing subjects must be formulated
correctly. It is tempting to focus on the coordinationproblemwithin the frameworkof a single
round and a single play of the weak-link game.
However, the "corporateturnaroundgame" is a
repeatedgame with many rounds and changing
bonus rates. In an inherentlydynamic environment like this, no single round can be considered in isolation. We propose that the central
problem facing employees isn't whether to coordinatebut ratherhow and when to coordinate.
The weak-link game isn't a particularlycomplicated game to understand.After a few periods
of play, undoubtedlymost subjects realize that
all would be better off if they could coordinate
at the highest effort level. However, one employee acting alone stands little chance of success. Breaking the trap of coordinationfailure
requires a coordinated move to higher effort
levels. An increase in the bonus rate provides
the necessary coordinatingdevice. If we look at
the individual-level data, virtually all employees respond to an increase in the bonus rate by
bumpingup their effort levels regardlessof the
size of the increase. If enough employees make
a large increase to their effort level, other employees will generally follow their lead and the
firm will overcome its history of coordination
failure.The bonus increaseis more importantas
a trigger startingthe process of change than as
a determinantof the eventual quantitativeoutcome of this process. This also explains why
cutting the bonus rate generally doesn't undermine successful coordination-the primaryeffect of increasing the bonus, coordinating a
mutually desirable shift to higher effort levels,
isn't relevant for firms that are already coordinated and face a decreasedbonus rate.
In an attempt to model the dynamics observed in the turnaroundgame, we turn to the
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experience weighted attractionmodel of learning in games (Colin Camererand Teck-HuaHo,
1999). This model cannot track the strong positive responseto increasesin the bonus rate.The
problemis thatovercoming coordinationfailure
requiresresponsive followers as well as strong
leaders. In the experimental data, employees
who do not initially respond to an increase in
the bonus rate often increase their effort levels
strongly in subsequent rounds. These subjects
may not start the process of change, but they
provide the momentum to keep it going. In
simulations of the learning model, employees
who do not immediatelyrespondto an increase
in the bonus generally never learn to increase
their effort, and hence wear down the attempts
of leaders to move to a better equilibrium.We
discuss modificationsof the model that allow it
to capturethe presence of responsive followers.
Section I introducesthe turnaroundgame and
relates our work to previous studies of the
weak-link game. Section II outlines the experimental design and our preliminaryhypotheses.
Section III presents the procedures.Section IV
summarizes the experimental results and explores the ability of learning models to capture
the main featuresof the data.Section V presents
some final remarksand comparesour results to
those from related experiments.
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a player to raise his effort level if and only if it
will increase the minimum effort for the group.
Coordinatingon any one of the available effort
levels is a Nash equilibrium,but results from
earlier experiments suggest that play typically
evolves toward the payoff-dominated equilibrium where all players choose the lowest possible effort level.3 Having reachedthis worst of
all possible outcomes, improvementcan occur
only if all playersincreasetheireffort levels. By
studying a productiontechnology with a weaklink structure,we focus on a worst-casescenario.
Presumablymany organizationsface coordination problems in more forgiving settings,but if
we can understandhow to overcomecoordination
failurein a tough environment,it shouldbe even
easierin less difficultcircumstances.
ASSUMPTION 2: Employees can observe the
effort levels of all other employees, but firm
managers can observe only the minimumeffort
chosen.

ASSUMPTION 1: Thefirm's technology has a
weak-linkstructure.

This implies that the managerlacks the necessary informationto tailorbonuses to the effort
put forth by individuals,and can offer bonuses
only based on the minimum effort over all employees. There is no particularreason to believe
that our game is either more or less realistic for
restricting the informationabout employee effort available to managers.We decided to limit
the manager's information for two reasons.
First, limiting the instruments available to
change employees' behavior makes it tougher
to turn around a failing firm. Presumablythe
lessons learned from such a harsh environment
will also be valuable in more forgiving settings.
Additionally, limiting the manager's information greatly simplifies the environment.

As describedby Michael Kremer(1993), for
many organizationsthe individual (or unit) doing the worst job-the weak link-determines
the overall productivity of an organization.
Startingfrom this observation,Knez and Camerer (1994) argue that the game played within
many firms takes on the form of the "minimum
game" introducedby John B. Van Huyck et al.
(1990). Players simultaneously choose effort
levels, andtheirpayoffs are a decreasingfunction
of theirown effort and an increasingfunctionof
the minimumeffort chosen by the players in the
group.Payoffs are such that it is worthwhilefor

3 For
example, Van Huyck et al. (1990) ran seven sessions of a minimum game with 14-16 inexperiencedsubjects. By the end of the tenth round, the minimum strategy
chosen for all seven sessions was the lowest possible choice,
and 72 percent of the subjects selected the lowest possible
choice. Knez and Camerer(1994 and 2000) report similar
results. These results are sensitive to the group size. For
example, with two-player groups, the Pareto dominantoutcome, coordination on the highest effort level, is almost
always observed after ten rounds. See also the high coordination rates in three-playergroups reportedin Roberto A.
Weber et al. (2004).

I. The CorporateTurnaroundGame
This section begins by discussing three basic
assumptionsthat inform our design of the corporateturnaroundgame. We then introducethe
details of the game.
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ASSUMPTION 3: The only instrument of
change controlled by managers is a bonus rate
based on the minimumeffort of employees.

(1)

JUNE 2006

Firm: rF= 100 + [(60 - 4B)

X min (E,)];
iE{1,2,3,4}

In reality, managersoften employ more complex financial incentives than the simple linear
scheme employed here, as well as nonpecuniary
instrumentssuch as improving communication
or building trust.Our goal, however, is to study
a simple environmentwhere only one variable
changes. Only after understandinghow relatively simple financialincentivesperformcan we
begin to study more complex incentive schemes
and the interactionsbetween changes in financial incentives and nonpecuniaryinstruments.
Turning to the specifics of the turnaround
game, the players in our turnaroundgame are
the managerand four employees of a firm. For
all the experimental sessions reported below,
the experimenterplays the role of the firmmanager while subjects fill the roles of the four
employees.4Even thoughthe manager'schoices
are exogenous, for expositional purposes it is
useful to treat the manager as a player in the
game. The game startswith a predeterminedflat
wage that each employee receives regardless
of the outcome and a bonus rate (B), set by the
firm manager,which determineshow much additional pay each employee receives per unit
increase in the minimumeffort. Employees observe the manager'schoice of B and then simultaneously choose effort levels, where Ei is the
effort level chosen by the ith employee. We
restrict an employee's effort to be in ten-hour
increments: Ei E {0, 10, 20, 30, 40}. Intuitively, employees spend 40 hours per week on
the job, and effort measuresthe numberof these
hours that they actually work hard ratherthan
loafing. The payoffs are given by equations (1)
and (2). All payoffs are denominatedin "experimentalpesetas."These were convertedto monetary payoffs at a rate of one dollar or one euro
equal to 500 experimentalpesetas:

4 Making the
managerexogenous allowed us to control
how the bonus rate changed over time rather than being
dependent on random variation in the bonus rates set by
subjects acting as managers.What bonus rates would be set
by subject-managersand how employees' responses are
affected by the use of a subjectas the managerare important
but separatequestions which we examine in a companion
paper (Brandtsand Cooper, 2005).

(2) Employee i: e, = 200 - 5Ei
+ (B x

min (Ei)).
iE{1,2,3,4}

These profitfunctionsare consistentwith Assumptions 1 to 3 as describedabove. The bonus
transfers a portion of the firm's profits to its
employees. This underlies our interest in the
ability of temporaryincreases in the bonus rate
to increase persistently employees' effortshigh bonuses may be effective at increasingthe
firm's revenues, but this move will be selfdefeating if these increased revenues accrue
largely to the employees as increasedbonuses.
Given that the manageris exogenous in the
experimentsreportedbelow, we now focus on
the proper subgame where employees choose
effort levels. Table 1 displays the payoffs induced for this subgameby the four bonus levels
used in our experiments(B = 6, 8, 10, and 14).
For all values of the bonus rate, B, used in our
experimentsthe resulting game is a weak-link
game. Coordinatingon any of the five available
effort levels is a Nash equilibrium.
To understandwhy overcoming coordination
failuremay dependon the bonus level, consider
the game induced by a bonus value of B = 6.
Suppose that all four employees have previously chosen effort level 0. An employee who
thinks aboutraisinghis effort from 0 to 10 faces
a certain payoff reductionof 50 pesetas due to
increased effort, while his maximum possible
gain is only 10 pesetas beyond the 200 pesetas
he gets without risk by choosing 0. For the
proposed increase to have a positive expected
profit, the employee must believe the probability of the three other employees simultaneously
raising their efforts from 0 to 10 equals at least
5/6. Given these grim incentives, overcoming
coordinationfailure is highly unlikely. With a
higherbonus level it is still difficultto get out of
the low-effort trap, but the odds are less
intimidating.
This brings us to the central feature of our
experimentaldesign. Our focus is not on comparative static results. While the improved incentives induced by a higher bonus rate may
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TABLE1-PAYOFFTABLES

Employee i's payoff table, B = 6
Minimum effort by other
employees

Effort by employee i

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
210
160
110
60

200
210
220
170
120

200
210
220
230
180

200
210
220
230
240

Employee i's payoff table, B = 8
Minimum effort by other
employees

Effort by employee i

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
230
180
130
80

200
230
260
210
160

200
230
260
290
240

200
230
260
290
320

Employee i's payoff table, B = 10
Minimum effort by other
employees

Effort by employee i

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
250
200
150
100

200
250
300
250
200

200
250
300
350
300

200
250
300
350
400

Employee i's payoff table, B = 14
Minimum effort by other
employees

Effort by employee i

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
290
240
190
140

200
290
380
330
280

200
290
380
470
420

200
290
380
470
560

affect the behaviorof subjectswith no previous
experience,5 we instead concentrate on how
subjectswho have previouslyexperienceda history of coordination failure react to changing
incentives. Bonus rate increases make the incentive problem facing employees less daunt-

5 Results from Brandts and Cooper (forthcoming) support this hypothesis.
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ing, but also potentially correlate changes in
employee's effort levels. Our analysis largely
revolves around disentangling the impact of
these two effects in overcoming coordination
failure.
II. ExperimentalDesignand Hypotheses
Subjects played 30 rounds in fixed groups
("firms")of four subjects ("employees").During a session the bonus rate changed in a predeterminedway. Otherthan the bonus rate, no
detail of the experimental environment varied
between roundsor between sessions. The bonus
rate and resulting payoff matrices were announced at the beginning of each of the three
ten-round blocks and were fixed during that
time frame. While playing in a block with a
particularbonus rate, subjects did not know
what the bonus rate would be in subsequent
ten-roundblocks.
The bonus rate was always fixed at B = 6 for
the first ten-round block. This is the lowest
(integer) bonus rate that does not make choosing positive effort levels a dominated strategy.
The goal was to get a high percentageof firms
coordinated on the inefficient outcome with
minimum effort equal to zero. Based on the
results of earlier experiments with weak-link
games (Van Huyck et al., 1990; Knez and Camerer, 1994 and 2000), it would be surprisingif
coordinationfailure did not generally occur in
this first block of games.
The treatmentsvary the bonus rates for the
second and third blocks of ten rounds. The
intent is to explore how financialincentives can
best be used as a tool to overcome coordination
failure. The experimental design, as summarized in Table 2, focuses on the four questions
presented in the introduction:(1) Can firms be
extricated from an initial bad outcome by increasingthe bonus rate?(2) Does the size of the
increase matter? (3) Does the bonus increase
need to be permanent?(4) Does delaying the
bonus increase reduce its efficacy?
Both as a tool for explaining the rationale
underlying the experimental design and as a
means of organizingthe results,we now present
three ex ante hypotheses aboutthe experimental
data and relate each of these hypotheses to the
purposes of the experimentaldesign.
Hypothesis 1 focuses on choices in the second block of ten rounds.Assuming thatmany of

674

THEAMERICANECONOMICREVIEW

JUNE 2006

TABLE2-LIST OF TREATMENTS

Bonus rate, rounds 1-10
Bonus rate, rounds 11-20
Bonus rate, rounds 21-30

Cell 1

Cell 2

Cell 3

Cell 4

Cell 5

Cell 6

6
14
14

6
10
10

6
8
8

6
14
10

6
14
6

6
6
14

the firms will have converged to an effort level
of zero over the first ten rounds,the bonus rate
in cells 1-5 is now increasedto see if firms can
be extricatedfrom this inefficient outcome. We
vary the size of the bonus increasebetween cells
to determine if the magnitude of the increase
matters. For cells 1, 4, and 5, the bonus rate
increases to B = 14 for rounds 11-20, the
maximum amount at which the firm still earns
some profit. Cells 2 and 3 employ smaller increases, B = 10 and B = 8, respectively. Cell 6,
with no change in the bonus rate for rounds
11-20, acts as a control for pure restarteffects.
Even though the bonus rate isn't changing,play
also stops for cell 6 prior to round 11 and the
(unaltered)bonus rateis announced.Hypothesis
1 draws on the standardintuition that people
respondmonotonicallyto increasingincentives.
HYPOTHESIS 1: (a) Increasing the bonus
rate in round 11 will cause the average minimum effort to increase. (b) The increase in
average minimumeffort will be increasing in
the new bonus rate. (c) There will be no increase in average minimumeffort for rounds
11-20 in cell 6, the controls.
Hypothesis 2 focuses on behavior in rounds
21-30. Suppose Hypothesis 1 is borne out by
the data. Although the firm has increased its
productivity,much of the resulting increase in
revenue may be departingthe firmvia increased
bonuses. Ideally, the firmwould like to keep the
improvedeffort levels without keeping bonuses
at a high level. Cells 1, 4, and 5 therefore
explore whetherthe bonus ratecan be decreased
without sacrificing productivity. In all three
cells the bonus rate increases to B = 14 for
rounds 11-20. In cell 4, the bonus rate is lowered to B = 10 for rounds21-30. Cell 5 is more
extreme, returningthe bonus rate to its original
level, B = 6, for rounds21-30. Cell 1 serves as
a control, keeping the bonus rate fixed at B =
14. Hypothesis 2 reflects the optimistic view
that history dependence will be sufficiently

strongthat subjectscan overcome the weakened
incentives to coordinate.
HYPOTHESIS 2: Decreasing the bonus rate
in rounds 21-30 will not lead to a decrease of
average minimumeffort to the level of rounds
1-10.
Hypothesis 3 considers the impact of delaying the bonus rate increase. In cell 6, the bonus
rateremainsat B = 6 for rounds 11-20 and then
increases to B = 14 for rounds 21-30. This
gives firms an additional ten rounds, as compared to cells 1, 4, and 5, to get stuck at an
inefficientoutcome. Hypothesis3 is again based
on simple intuition, predicting that history dependence is more difficult to overcome via improved incentives when subjects have lengthy
experience with coordinationfailure.
HYPOTHESIS 3: Increasing the bonus will
have a smaller effect after 20 rounds with B =
6 than afterjust ten rounds.
IIIH.Procedures
Sessions were run at Pompeu FabraUniversity and at Case WesternReserve University.In
both cases, a computerizedlab was used to run
the sessions. Each treatmentcontains data for
five firms at each of the two locations, so the
sample is balanced.Ourfocus here is not on the
cross-country comparison. The econometric
analysis controls for any location effect, which
turns out to be secondary.For a detailed comparison of the results between UPF and CASE,
see SectionB.2 of the on-lineAppendixat www.
e-aer.org/data/june06_app_20040237.pdf.
Subjects were recruitedfrom the undergraduate populations at Pompeu Fabra and Case
using newspaper ads, posters, and classroom
announcements.Subjects were allowed to participate only in a single session. Due to recordkeeping errors, two subjects participatedin a
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second session. All data for these subjects and
their firmshave been droppedfrom the dataset.6
For the most part,the experimentalprocedures
were quite standard.At the beginning of each
session subjects read the instructions directly
from their computer screens. Before beginning
play, all subjectswere asked to complete a short
quiz about the payoffs and the rules of the
experiment. The full text for the instructions
and quiz is given in the Appendix.
One slightly unusual feature of the instructions is that ratherthan using abstractterminology we employed a corporate context. For
example, the four players are explicitly referred
to as "employees" and are told that they are
working for a "firm."We avoided the use of
terms with strong connotations. For example,
instead of asking subjects to choose a level of
"effort" and a level of "loafing," they were
asked to allocate time between "ActivityA" and
"Activity B," with these activities playing the
roles of effort and loafing, respectively. We
used a corporate context to make the instructions easier to understandfor participants,an
importantissue for some subject pools used in
the broaderdesign.7 We doubt that the use of a
corporate context causes any demand-induced
effects that have an impact on our qualitative
results.
At the beginning of each ten-round block,
employees were informed of the bonus rate for
thatblock. Employees were not told what bonus
rates would be in subsequent blocks. In each
round, the four employees of a firm simultaneously chose their effort levels for the round.
The screen where employees made this decision
displayedthe currentbonus rate and the formula
for the firm manager'spayoff. The latter information is irrelevanthere, but was displayed to
maintainparallelismwith sessions where a fifth
subject played as the firm manager. The employees were also shown a payoff table, similar
to the ones displayed in Table 1, showing their
payoff as a functionof theirown effort level and
the minimum effort level chosen by the other
employees. This payoff table was automatically
6 One affected firm was in cell 2 and the other was in
cell 4.
7 We have run related experiments using corporateexecutives. For this population,having a concrete setting for
the experimentis importantin helping subjects understand
the instructions.
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adjustedto reflect the currentbonus rate. At the
end of each round, each employee was told his
effort level, the minimumeffort for his firm,his
payoff for the round, and his runningtotal payoff for the experiment.Separatewindows on the
feedback screen showed them a summary of
results from earlierrounds and the effort levels
selected for all four employees in their firm.
These effort levels were sorted from highest to
lowest, and did not include any identifying informationabout which employee was responsible for which effort level. Note that we gave
subjects more feedback about the choices of
others than is typical; most minimum game
experiments show subjects only the minimum
effort level chosen for their group. In a related
paper, we find that giving subjects information
only about the minimumeffort has little impact
on the likelihood of coordinationfailure emerging initially, but substantiallyreduces the likelihood that a successful turnaroundoccurs when
the bonus rateis increased(Brandtsand Cooper,
forthcoming).8
Subjectsplayed the game in a fixed cohort of
four employees. These cohorts remained constant duringthe course of the experiment,a fact
that was stressed in the instructions.For experimenters who are used to worrying about repeated game effects, this may seem like a
strange design choice. However, the field settings that motivated these experiments involve
repeated interactions among the same agents.
Repeated game effects and strategic teaching
are presumablyquite naturalin these settings.
Moreover,the use of fixed groupshas the effect
of intensifying history dependence, a central
issue in our design. As such, we think that our
experiments must incorporaterepeated interactions to be a useful tool.9
In general, these experimentsare designed to
make it possible, but not trivial, to overcome a
history of coordination failure. For example,
four employees are used ratherthan two or ten
because it is too easy to coordinate with only
two players and too hard with ten. Likewise,
allowing employees to observe all other employees' choices in their firm makes it easier
See also Section VI of Van Huyck et al. (1990).
9 Most previous studies of weak-link games have used
fixed groups. For a comparisonof fixed and randommatching in weak-link games, see TreatmentC of Van Huyck et
al. (1990).
8
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but, as shall be seen, nontrivial to overcome
coordination failure. We believe that cases in
which behavior is close to neither boundary
(e.g., neither 0-percent nor 100-percentcoordination) give us the best opportunityto study
how differing financialincentives work in overcoming coordinationfailure.
At the end of the session, each subject was
paid in cash for all rounds played, plus a
show-up fee. Payoffs were done on an individual and private basis. All payoffs were in "experimentalpesetas." As mentioned previously,
these were convertedto dollars at a rate of one
dollar or one euro to 500 experimentalpesetas.
This yielded slightly higher marginalpayoffs to
coordination for Spanish sessions. Since the
conversion rate between dollars and euros was
very close to one to one duringthe time period
when sessions were run (fall 2002), we doubt
this had any impact on the results. Subjects in
Cleveland received a show-up fee of ten dollars
while the show-up fee was only five euros in
Barcelona.The largershow-up fee in Cleveland
was deemed necessary to insure an adequate
supply of subjects.There is no reasonto believe
that the differing show-up fees affected our
results. The average total payoff was $25.83 in
Cleveland and 20.94 C in Barcelona. Once we
account for the differing show-up fees, the average earnings are almost identical across the
two locations.
IV. Results
Below we present three regularities which
reportresultscorrespondingto the threehypotheses introducedabove. Ourconclusions are supported by regressions both on firm-level data
and employee-level data.'0 While we are ultimately interestedin the firm-leveloutcomes, the
employee-level regressions serve as a robustness check. In particular,because a firm's out1oAt this
point it is useful to reiterateour terminology.
"Employee"refers to an individual subject in the experiment, while "firm"refers to a fixed grouping of four employees. Thus, "employee-level" data consist of four
separate effort levels per round per firm, one choice per
employee. "Firm-level"data consist of a single observation
per round per firm, the minimum effort chosen by the four
employees of the firm. Whenever we refer to "effort"or
"averageeffort,"we are referringto employee-level data. If
we referto "minimumeffort"or "averageminimumeffort,"
we mean firm-level data.
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come dependson the minimumeffort chosen by
an employee of the firm,the firm-leveldatatend
to accentuatethe impact of outliers. Using the
employee-level data allows us to ascertain
whetherthe treatmenteffects are broadbased or
have an impact on only a relatively small fraction of the population.In firm-levelregressions,
the dependent variable is the firm's minimum
effort. Each play by a firm counts as a single
observation.In employee-level data, the dependent variable is the effort level selected by the
employee. Each play by a firm generates four
observations,one for each of the four employees. All of the regressions reportedbelow are
orderedprobits.Given the categoricalnatureof
the data, this is a naturalchoice.
A critical point in this analysis is how we
control for repeated observations of the same
employees or the same firms. We don't believe
there is a "right" approach to this problem.
Instead,there is a tradeoffbetween minimizing
the likelihood of type 1 errors(false rejectionof
the null) versus minimizing the probability of
type 2 errors (failing to correctly reject the
null). We therefore report regressions using a
relatively conservative clustering approach to
correcting for repeated observations, due to
Kung-yee Liang and Scott L. Zeger (1986)," as
well as regressions using a more powerful
random-effects specification. These should be
viewed as setting bounds on what is actually in
the data, with the former approachmore likely
to yield type 2 errorsand the latter more likely
to yield type 1 errors.12
While the random-effectsspecificationof the
firm-level data regressions is standard,that of
the employee-level regressions is not. In the
employee-level data we need to account for
correlationbetween two observationsfrom the
same employee, as well as correlationbetween
two observationsfrom differentemployees who
are in the same firm. We thereforehave a random effect at the employee level nested within
a random effect at the firm level. Specifically,
let Yij,be the latent dependentvariable for em" For firm-level and employee-level regressions, each
firm is treatedas a separatecluster. This is appropriatefor
the employee-level regressionssince observationsfrom employees in the same firm are not independent.
12
Underlying the tradeoff between Type 1 and Type 2
errors is a tradeoff between efficiency and the strength of
assumptionsabout the distributionof errors.
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ployee j in firm i in roundt, let Xij,be the vector
of independentvariablesfor employeej in firm
i in round t, let ti be a firm specific errorterm,
let vj be an employee specific errorterm, and let
eij, be an i.i.d. errorterm for employeej in firm
- N(0, vG), vj.
i in round t. Assume that
N(O, vi), and that eijt N(O,
t.i 1). Then yijt is
given by the following equation where a is a
scalar and p is a vector of parameters:
(3)

=
+
yi, a + pX,j + gi + v
ij,t.

The dependent variable is derived in the standard way for an orderedprobit given the latent
variable and cutoffs between categories. Maximum likelihood estimation is used to fit values
for the cutoffs, a, f, vG,and v,.
Throughout this paper, all tests of significance for individual parametersare two-tailed
z-tests. All tests of joint significance use log
likelihood ratio tests. The cutoffs and random
effects parametersare not reportedin any of our
tables since these estimates are of little economic interest. In all cases, these omitted parameterestimates are statistically significant.
A. Preconditionfor ExperimentalTreatments
The goal for rounds 1-10, played with B = 6,
was to establish a history of coordinationfailure. The minimumeffort is indeed low throughout these rounds,equalingzero for 71 percentof
all observations and 78 percent of round 10
observations. Average minimum effort is 5.71
over rounds 1-10 and equals 5.86 in round 10,
but the dataare more dynamicover rounds 1-10
than these averages indicate. In round 1, many
firms have intermediateminimumefforts of 10,
20, or 30 (41 percent of all firms) while almost
none is perfectly coordinatedwith a minimum
effort of 40 (2 percent of all firms). Over time,
a clear bifurcation emerges in the data. By
round 10, almost no firms are left at the intermediate effort levels (14 percent of all firms).
While most firms have slipped downwardto a
minimum effort of zero, enough shift up to a
minimum effort of 40 (9 percent of all firms)
that the overall effect on the average minimum
effort is minimal. Most of the upward movement observed in later rounds comes from the
large majorityof groups that have a minimum
effort of zero in round 10. Increasingthe diffi-
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culty of turningarounda "failing"firm, most of
these firms have multiple employees choosing
zero. Of the 45 (out of 58) firms with a minimum effort of zero in round 10, 43 have more
than one employee choosing zero and 26 have
all four employees choosing zero.
B. OvercomingCoordinationFailure
Having trapped most of the experimental
firms in the worst possible outcome, we now
turnto the task of overcoming this coordination
failure. Figure 1 shows averageminimumeffort
levels in rounds 10-20 as a function of the
bonus rate. An equivalent figure for employeelevel data can be found in Section B.1 of the
on-line Appendix.
Focusing on the cells where the bonus rate
has increased, two central features of the data
can be observed. First, an increase in the bonus
rate leads to an increase in the minimumeffort.
This effect is visible for all three bonus rate
increases used in rounds 11-20. It is not a pure
restarteffect since for cell 6, the control treatment where the bonus rate remains at B = 6,
there is no analogous effect. Instead, the average minimum effort in cell 6 is flat throughout
rounds 11-20 and generally equals the level in
round 10.13 These increases are probably not
transient,as behavior has largely stabilized by
rounds 16-20. Looking at cells 1-3, the cells
where the bonus rate does not change again for
rounds21-30, the averageminimumeffort over
rounds 26-30 is 28.9, virtuallyidentical to the
average minimum effort of 28.3 for the same
cells in rounds 16-20.14
Second, theredoes not appearto be a positive
relationshipbetween the magnitude of the bonus increase and its long-run impact on minimum efforts. The highest bonus, B = 14,
actually generates the lowest minimum efforts
in rounds 16-20! Effort levels are roughly the
13 There is a transitoryrestart effect in the
employeelevel data. Average effort in cell 6 increases from 9.00 in
round 10 to 16.25 in round 11, but this increase at the
employee level is too weak to generateany movementat the
firm level. By round 15, the averageefforts have fallen back
to their original level.
14 As an alternativemeasure of stability, 69 percent of
observationsfrom round 16-20 of cells 1-5 are Nash equilibria. The equivalentfigurefor rounds 11-15 is 37 percent.
If we pool data from rounds 26-30 of cells 1-3, the proportion of Nash equilibria is 87 percent.
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same for B = 8 and B = 10 in rounds 16-20. If
anything, performance appears to be the best
with B = 10, given that this cell had the lowest
average minimum effort prior to the bonus increase.'5 The occurrence of an increase to the
bonus rate seems to matter far more in overcoming coordinationfailure than the magnitude
of the increase.16
REGULARITY 1: (a) Increasing the bonus in
rounds 11-20 significantly increases minimum
effort levels. No similar increase is observed in
rounds 11-20 if the bonus remainsat B = 6. (b)
The increase in the minimumeffort level is not
monotonicallyrelated to how large the increase
in the bonus rate is. These results confirmHy15
The downwardspike for the final round of B = 10 is
driven by a small numberof individualswho for inexplicable reasons dropfrom choosing 40 to choosing 0 in the final
round.
16 One possible explanationfor the preceding result is a
ceiling effect: if virtuallyall firmscoordinatedat high effort
levels with an increaseto B = 8, there would be little room
for greaterbonuses to performbetter. This is not the case.
Considerthe firms most in need of a turnaround,those that
had a minimum effort of 0 in round 10. Pooling data with
B = 8 and B = 10 for round20, 8 out of 14 such firms had
all four employees choose effort level 40. There is plenty of
room for B = 14 to improve performanceover these lower
bonus rates, but the higherbonus rate does worse, as only 7
out of 24 such firms had all four employees choose effort
level 40 in round 20.

potheses 1(a) and 1(c). Hypothesis 1(b) is not
supportedby the data.
Examining employee-level data from groups
with a minimum effort of 0 in round 10, the
immediateresponse to an increase in the bonus
rate is modest. Virtually all employees move
away from effort level 0, but they don't necessarily move far. For round 11, effort level 40 is
the modal outcome (30 percent), but almost as
many employees choose effort levels 10 and 20
(24 percent and 22 percent, respectively). A
bifurcation then emerges over time. In some
groups the employees who have moved to
higher effort levels draw their more cautious
partnersafter them, while in other groups the
laggards who don't raise their effort level following the bonus increasepull other employees
back to themselves. By round 20, the vast majority of subjectsare choosing eithereffort level
0 (20 percent) or 40 (53 percent).
Which side of this bifurcation a firm finds
itself on dependson how many of its employees
initially respondstronglyto the bonus hike. We
label an employee as a "strong leader" if she
raises her effort by at least two levels between
rounds 10 and 11 following the bonus increase.
All 38 groupsthathad a minimumeffort of zero
in round 10 followed by a bonus increase for
round 11 included at least one employee who
was a strongleader.Table 3 shows the relation-
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TABLE3-EFFECTOFIMMEDIATE
REACTION
TOBONUS
INCREASE
Number of strong
leaders, round 11

Number of
observations

Average minimum
effort, round 20

1
2
3
4

9
15
9
5

15.56
20.67
28.89
30.00

ship between the number of strong leaders in
these firms and their long-run response to the
bonus increase. There is a clear relationship
between the number of strong leaders and average effort levels-the more employees who
respond strongly to the bonus rate increase in
round 11, the higher the firm's minimumeffort
(on average) in round 20.17 This result seems
unsurprisinguntil one realizes that no similar
relationshipexists between the minimumeffort
in round 11 and the minimum effort in round
2018 or between the numberof employees who
increase their effort, by just one or more levels,
between rounds 10 and 11 and the minimum
effort in round 20.19 Overcoming coordination
failurerequiresa strong positive responseto the
bonus increase from multiple employees.
Table 4 shows ordered probit regression results thatback our claims in Regularity1. These
establish that increasing the bonus rate for
rounds 11-20 significantlyincreases effort levels, but that the size of the effect is not an
increasing function of the bonus rate increase
even after controlling for the different starting
points of the firms in round 10 and for any
location effects.
The data include observations from all six
cells for rounds 11-20. Cell 6, where the bonus
17 This relationshiphas moderatestatistical
significance:
runninga regression of minimumeffort in round 20 on the
numberof strongleaders,the relevantparameterjust misses
significance at the 5-percent level.
18 Of these 38 firms, the 15 firms with a minimumeffort
level of 0 in round 11 have an average minimum effort in
round20 of 22.7. The 17 firms with a minimumeffort level
of 10 have an averageminimumeffort of 19.4. The remaining six firms have an average minimum effort of 31.7 in
round 20.
19 For all but one of the 38 firms, more than one employee increases his/her effort level in round 11. The average minimum effort in round 20 equals 20.0 if two
employees increase their effort (4 firms), 23.8 if three employees increase their effort (16 firms), and 23.5 if all four
employees increase their effort (17 firms).
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rate remains at B = 6 throughout this time
period, serves as the base. The primary independentvariablesin these regressions are dummies for the bonus rates (otherthanB = 6) used
in rounds 11-20: B = 8, B = 10, and B = 14.
To capturehow the effect of a bonus increases
over time (without imposing a linear trend),the
dummies for the bonuses are interacted with
dummies for rounds 11-15 and rounds 16-20.
Specificationswith alternativetime controls are
included in Section B.3 of the on-line Appendix. Even though the sample is balanced between Cleveland and Barcelona, a dummy for
sessions conducted in Barcelona is included to
absorb some of the noise. Finally, we include
the firm's minimum effort in round 10.20This
lagged dependentvariable allows us to control
for firms' different starting points prior to the
increase in the bonus rate. This gives us additional control over the firm effects in the data.
The primary conclusions to be drawn from
these regressions are robust to how we control
for repeated measures and what data are used.
Even in rounds 11-15, all three bonus rates
yield significantly greater effort, both on the
employee and firm levels, than in the controls.
This improvement becomes even larger in
rounds 16-20. Which bonus increase is used
has some impact on behavior, but the response
is nonmonotonic.In making this statement,we
focus on rounds 16-20 when a bonus increase
has had enough time to yield its full impact.
Regardless of whether we examine firm-level
data or employee-level data, and regardless of
how we control for individual effects, the difference between effort levels with B = 14 and
those with B = 10 is negative and statistically
significant, albeit weakly.21 The effort levels
with B = 14 are also lower than those with B =
8, but this is only statistically significant when
20
As an alternative, the employee-level regressions
could use the individualemployee's effort in round 10. We
tried this and found it yields somewhat worse fits. The
primaryqualitativeresults are not affected.
21 Redoing the regressions from Table 4 with B = 14
differenced from B = 10 for rounds 16-20, the relevant
parameteris significant for the firm-level data at the 10percent level using clustering (z = 1.77, p = 0.077) and at
the 1-percentlevel using random effects (z = 3.818, p <
0.01). For the employee-level regressions, the relevant parameter is significant at the 10-percent level using either
clustering (z = 1.86, p = 0.063) or nested randomeffects
(z = 1.72, p = 0.089).
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TABLE
4-ORDEREDPROBIT
REGRESSIONS
ONDATAFROM
CELLS1-6, ROUNDS
11-20
Data type
Controls for
individual effects
Rounds 11-15
*B = 8
Rounds 11-15
* B = 10
Rounds 11-15
* B = 14
Rounds 16-20
Rounds 16-20
*B = 8
Rounds 16-20
* B = 10
Rounds 16-20
* B = 14
Barcelona
Minimum effort
Round 10
Log-likelihood
# Observations

Firm-level data minimum effort

Employee-level data effort

Clustering

Random effects

1.468***
(0.416)
1.427***
(0.336)
1.470***
(0.311)
-0.052
(0.041)
2.137***
(0.587)
2.567***
(0.466)
1.796***
(0.346)
-0.009
(0.261)
0.067***
(0.016)
-708.86
580

1.395***
(0.376)
1.505***
(0.373)
1.575***
(0.345)
-0.103
(0.391)
2.985***
(0.419)
3.422***
(0.408)
2.360***
(0.352)
-0.233
(0.173)
0.157***
(0.013)
-528.37
580

Clustering
1.257***
(0.385)
1.249***
(0.227)
1.266***
(0.246)
-0.404***
(0.111)
1.685***
(0.541)
2.120***
(0.444)
1.270***
(0.291)
-0.064
(0.242)
0.058***
(0.014)
-2,821.90
2,320

Nested randomeffects
1.702***
(0.227)
1.244***
(0.212)
2.157***
(0.213)
-0.751***
(0.151)
3.282***
(0.252)
3.240***
(0.234)
2.938***
(0.219)
-0.440"**
(0.109)
0.121***
(0.008)
-2,073.39
2,320

*
Significant at 10-percentlevel.
** Significant at 5-percent level.
*** Significant at 1-percentlevel.

the more powerful randomeffects specification
is used to control for individual effects.22 Significant differences are never found between
B = 8 and B = 10.23The econometric results
support Regularity 1-subjects respond positively to an increasein the bonus rate,but larger
increases do not yield larger responses.
C. Shock Therapy
Figure 2 shows average minimum effort in
rounds20-30 for cells 1, 4, and 5, the cells that
had a bonus rate of B = 14 for rounds 11-20.

22
Rerunningthe regressions with B = 14 differenced
from B = 8 for rounds 16-20, the relevantparameteris not
significantat the 10-percentlevel using clusteringfor either
the firm-level data (z = 0.57, p = 0.57) or employee-level
data (z = 0.73, p = 0.46). With randomeffects, the relevant
parameterbecomes significantat the 10-percentlevel either
using firm-level data (z = 1.93, p = 0.054) or employeelevel data (z = 1.80, p = 0.071).
23 Differencing B = 10 from B = 8 for rounds 16-20,
even with the more powerful randomeffects specifications
the relevant parameteris not significant at the 10-percent
level either using firm-level data (z = 1.17, p = 0.24) or
employee-level data (z = 0.22, p = 0.83).

The figurealso shows, as a point of comparison,
the average minimumeffort for rounds 1-10 of
these three cells. An equivalent figure for
employee-level data can be found in Section
B.1 of the on-line Appendix.
As Figure 2 illustrates,a cut in the bonus rate
does not lead to a collapse back to the initial
effort level. A cut to B = 10 actually yields an
increase in average minimum efforts! Cutting
the bonus rateto B = 6 causes the averageeffort
to fall sharply,but not back to its original levels.24Following the bonus rate reduction,firms
tend either not to change at all or to change a
lot. Suppose we compare minimum efforts in
round 20 with those in round 29.25 Of the 19
firms that see a decrease in the bonus rate for
rounds 21-30, ten have the same effort level in
24 Extending play for more rounds would probably not
reverse this result, as play has largely stabilized.For rounds
26-30 of cell 6, 73 percent of all observations are Nash
equilibria,including 67 percentof observationswith a minimum effort greater than zero. The equivalent figures for
rounds 21-25 are 40 percent and 40 percent.
25 Due to a computererror,we lost the round-30data for
6 of the 29 groups consideredhere. We use round29 rather
than round 30 to avoid having to drop these 6 groups.
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round 29 as in round 20.26 Among the nine
firms that see changes, six see changes of at
least two effort levels. The relatively good performanceof firmsthathave theirbonus reduced
back to B = 6 is almost entirelydue to firmsthat
didn't respond to the change-there were four
firms in cell 5 that increased their minimum
effort between rounds 10 and 20 but did not
change their minimumeffort in response to the
bonus cut for rounds 21-30. Generally, effort
levels show history dependence in only one
direction-it is easy to move firms to higher
effort levels and harderto move them back to
lower effort levels.
REGULARITY 2: After having B = 14 for
rounds 11-20, reducing the bonus down to either B = 6 or B = 10 does not reduce the
minimumeffort back to its original level. The
data support Hypothesis 2.
To understandfirms' differing responses to a
bonus rate cut, consider employee-level data
from the ten firms in cell 5, the most extreme
treatment.Eight of these ten firms have minimum effort levels greaterthan zero in round20.
For two of these firms,no employee changes his

26
As a point of comparison, among the 10 firms that
have B = 14 for rounds 11-30, 9 have no change in the
minimum effort from round 20 to round 29.

effort level in round 21 when the bonus rate
falls to B = 6. Both remain coordinatedat the
payoff-dominant equilibrium (all employees
choose effort level 40) throughoutrounds 2130. In the remaining six firms, at least one
employee reduces his effort level in round 21
below the firm's minimum effort in round 20.
Four of the six firms converge to lower minimum effort levels, while the other two eventually return to the minimum effort level they
achieved in round 20. In the four firms that
don't recover, at least one employee (and usually more) who didn't reduce his effort level in
round21 respondsto the reductionin minimum
effort in round 21 by cutting his own effort in
round 22. In the two firms that recover, the
employees who do not cut their effort in round
21 maintain their high effort in subsequent
rounds. Thus, a negative response to the bonus
cut involves a chain reaction-one or more
employees initially cutting their efforts triggers
effort reductionsamong the other employees. If
there is a cohort of employees who hold steady,
the employees who originally react negatively
to the bonus cut eventually recover to their
original effort levels.
The regressions shown in Table 5 provide
statistical support for Regularity 2. Data are
taken from the three cells, cells 1, 4, and 5,
where the bonus rate increases to B = 14 for
rounds 11-20. Data from rounds 6-10, the last
five roundswith B = 6 precedingthe increasein
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ON DATA FROMCELLS1, 4, AND 5, ROUNDS6-10 AND 21-30
TABLE5-ORDERED PROBITREGRESSIONS

Data type
Controls for
individual effects
Rounds 21-25
*B = 6
Rounds 21-25
* B = 10
Rounds 21-25
* B = 14
Rounds 26-30
*B = 6
Rounds 26-30
* B = 10
Rounds 26-30
* B = 14
Barcelona
Minimum effort
Round 5
Log-likelihood
# Observations

Employee-level data effort

Firm-level data minimum effort
Clustering

Random effect

Clustering

Nested randomeffects

1.503***
(0.428)
0.550
(0.511)
0.310
(0.509)
1.534***
(0.442)
1.250**
(0.635)
0.038
(0.559)
-0.454
(0.376)
0.071***
(0.025)
-424.68
429

3.491***
(0.357)
1.824***
(0.083)
0.777**
(0.329)
3.750***
(0.372)
3.557***
(0.727)
-0.083
(0.328)
-0.443
(0.270)
0.011
(0.010)
-265.36
429

1.232***
(0.315)
0.381
(0.466)
0.154
(0.443)
0.866**
(0.373)
1.245**
(0.622)
0.077
(0.542)
-0.359
(0.313)
0.057**
(0.023)
-1,969.76
1,716

1.781***
(0.120)
0.458***
(0.142)
0.902***
(0.150)
1.133***
(0.120)
1.817***
(0.163)
0.780***
(0.155)
0.046
(0.102)
0.007
(0.005)
-1,510.12
1,716

* Significant at 10-percentlevel.
** Significant at 5-percent level.
*** Significant at 1-percentlevel.

the bonus rate, and rounds 21-30 are included.
The data from rounds 6-10 serve as the base.
The primaryindependentvariables in these regressions are dummies for the bonus rates
used in rounds 21-30: B = 6, B = 10, and B =
14. To capture how the impact of decreasing
the bonus rate develops over time, the dummies
for the bonuses are interacted with dummies
for rounds 21-25 and rounds 26-30. A key
featureof these regressionsis that the variables
for B = 10 and B = 14 are differenced from
B = 6 for the equivalent time period. For example, the parameter estimate for (rounds
21-25)*(B = 6) capturesthe differencebetween
behavior with B = 6 in rounds 21-25 (cell
5) and the base, while the parameterestimate
for (rounds 21-25)*(B = 10) capturesthe difference between behavior with B = 10 in
rounds 21-25 (cell 4) and behaviorwith B = 6
in rounds 21-25 (cell 5). Once again, we include a dummy for the location of the session.
To control for differences in firms' starting
points, we include the firm's minimumeffort in
round 5.
The regressionsshown in Table 5 supportthe
conclusions reportedas Regularity2. The key
parametersare (rounds 21-25)*(B = 6) and

(rounds26-30)*(B = 6). Looking at eitherfirmlevel data or employee-leveldata,and regardless
of how we controlfor repeatedobservations,these
parameterestimatesarealwaysstatisticallysignificant at the 5-percentlevel and, with only one
exception,at the 1-percentlevel. Cuttingthe bonus ratefromB = 14 backto B = 6 leadsto effort
significantlyabove levels priorto the bonus increase.This isn't to say thatcuttingthe bonusrate
so sharplydoesn'thave any negativeimpact,as a
cut to B = 10 yields significantlyhighereffortsin
rounds 26-30 than a cut to B = 6. The latter
conclusion holds for either firm- or employeelevel data and is not sensitiveto how we control
for repeatedobservations.
D. The Cost of Delay
We have established that an increase in the
bonus rate can overcome a history of coordination failure, but the history dependence underlying Regularity227 suggests that the timing of

27 Subjects in rounds 21-30 of cell 5 behave differently
from subjectsin rounds 1-10. Both sets of subjectsface B =
6, but the former have previous experience with B = 14.
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an increase may be important.This leads to our
final question: Given the presence of hysteresis, is it harder to turn around a firm with a
longer history of coordination failure? Figure
3 compares average minimum effort when the
bonus is raised to B = 14 after ten rounds
(cell 1, 4, and 5) versus 20 rounds (cell 6) of
play with B = 6. The x-axis displays the
final round prior to, and the first ten rounds
following, the bonus increase,rounds 10-20 for
cells 1, 4, and 5 and rounds 20-30 for cell 6.
Average minimum efforts are initially unaffected by how much time passes before the
bonus increase, but a modest difference
emerges for rounds 6-10 following the bonus
increase-effort levels are lower when the increase has been delayed.
To help understandthe forces underlyingthis
effect, Figure 3 also graphs the average effort
acrossall employees,brokendownby whetherthe
bonus rate increaseoccurs after 10 or 20 rounds.
As with the firm-level data, the employeelevel data are not affected by the timing of the
bonus hike for the first few periods.Instead,the
negativeeffect of delay is drivenby differencesin
the willingness of employees who initially respond positively to the bonus hike to remainat
these high effort levels. When the switch to B =
14 occurs in round 11, employees who initially
move to highereffortlevels tendto stay thereand
eventuallypull lower-effortemployeesup to their
level. In contrast,when the increase is delayed

until round 21, employees who at first move to
higher effort levels tend to retreatback to lower
effort levels, dampeninga continuedincreasein
minimum effort levels.28It appearsthat an extendedhistoryof bad outcomesmakesemployees
more prone to pessimism when things don't go
well. With a late increaseof the bonus rate,there
still exists a cohortof employeeswho tryto move
to highereffortlevels. When othersdon't rapidly
follow their lead, however,they give up and cut
theirown effortlevels.
REGULARITY3: Delaying the increasefrom
B = 6 to B = 14 by ten rounds has a small
negative effect on efficiency. Thisprovides support, albeit weak,for Hypothesis 3.
The regressionsreportedin Table 6 examine
whetherthe modestdifferencein effortlevels observed with an early versus a late increasein the
bonus rate is statisticallysignificant. Data are
takenfrom rounds11-20 of cells 1, 4, and 5, the
threecells with earlyincreasesto B = 14, as well
as rounds 21-30 of cell 6, the cell with a late
increaseto B = 14. Datafromthe firstfive rounds
followingan earlybonusrateincreaseserveas the
28

Note that the average efforts for the two treatments
diverge before the average minimumefforts. This indicates
that the problem is not a failure by employees who choose
lower effort levels to respond to their compatriots'choices
of higher efforts.
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TABLE6--ORDERED PROBITREGRESSIONS
ON CELLS1, 4, AND 5, ROUNDS11-20, AND CELL6, ROUNDS21-30

Data type

Firm-level data minimum effort

Controls for individual effects

Clustering

Rounds 6-10
Following increase
Rounds 1-5
Following late increase
Rounds 6-10
Following late increase
Barcelona
Minimum effort
Last B = 6 round
Log-likelihood
# Observations

0.326**
(0.129)
-0.197
(0.365)
-0.465
(0.442)
0.029
(0.320)
0.049***
(0.015)
-563.04
389

Random effect
0.741***
(0.154)
-0.026
(0.232)
-0.606**
(0.245)
-0.386**
(0.169)
0.164***
(0.016)
-390.89
389

Employee-level data effort
Clustering
-0.169
(0.293)
0.002
(0.134)
-0.478
(0.427)
0.051
(0.299)
0.041***
(0.013)
-2,189.30
1,556

Nested randomeffects
0.028
(0.079)
-0.073
(0.135)
-0.746***
(0.143)
-0.278***
(0.104)
0.071***
(0.008)
- 1,554.54
1,556

* Significant at 10-percentlevel.
** Significant at 5-percent level.
*** Significant at 1-percentlevel.

base. The primaryindependentvariables are a
dummyfor rounds6-10 followingthe bonusrate
increase and interactionsbetween dummies for
five-roundblocks following the bonus rate increase, and a dummy for a late increase. The
regressionsagain include a dummy for whether
the session took place in Barcelonaand a control
for the firms' differingstartingpoints, the firm's
minimum effort in the last round prior to the
bonus rate increaseto B = 14.
The results reportedin Table 6 provide limited supportfor Regularity3. The key parameter
estimate, the coefficient for the interactionbetween the dummy for a late increase and the
dummy for rounds 6-10 following the bonus
rate increase,is consistentlynegative but significant only when the more powerful random
effects specifications are used to control for
repeatedobservations.This is true for both the
firm-level data and the employee-level data.29
These results are consistent with our earlier
observation that delaying the bonus rate increase has only a modest effect.
E. Learning Models
Our data analysis reveals a numberof strong
regularities.This raises an obvious question:Is
29The coefficient estimates for rounds 16-20 are statistically significantfor the firm-leveldatabut not the employeelevel data.This reflectsthe adjustmentprocess with an early
increasein the bonusrate,as low-effortindividualsare pulled
up to highereffort levels.

there a unifiedmodel that can explain these regularities?Given the strongdynamicsand history
dependencein the data, static models such as
quantileresponseequilibrium(RichardM. McKelvey and ThomasR. Palfrey, 1995) are unlikely
candidatesto characterizethe data.We therefore
focus on modelsin whichat leastsome playersare
boundedlyrationaland only graduallylearnfrom
theirexperienceshow best to respondin a game.
Because learning models explicitly incorporate
dynamicsand historydependence,it is plausible
they can trackour data.
We explore this conjecture using the
experience-weighted attraction (EWA) learning model introduced by Camerer and Ho
(1999). There exist many learning models in
the literature,and it remains unclear which (if
any) of these models has the best explanatory
power for experimental data. EWA is a good
place to start, however, because it has the
useful property of nesting both belief-based
learning models and reinforcement learning
models. We focus on its ability to explain one
of the most puzzling regularities in the data,
the nonmonotonic effect of increasing the bonus rate for rounds 11-20.
Before introducingthe details of EWA, consider two featuresof the data that play a central
role in overcoming coordination failure and
must therefore be capturedby the model. The
first has been highlighted in Section IVB, the
need for multiple "strongleaders."Strong leaders succeed in leading their firms to better outcomes because of a second subtle featureof the
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data--many laggards who don't initially improve their effort following a bonus rate increase are responsive followers. Once they
observe others' increasedeffort levels, they respond with strongeffort increases of their own.
Consider the toughest cases, firms in cells 1-5
that had a minimum effort of 0 in round 10.
Although average effort increases only slightly
between rounds 11 and 12 for these firms,rising
from 22.4 to 23.2, employees who choose an
effort of 0 in round 11 sharply increase their
effort with an average of 14.2 in round 12. This
positive movement cannot be attributedsolely
to employees who best respond to the previous
round's outcome. If we look only at employees
who did not uniquely determine the minimum
effort for their group (and hence can't be playing a best response to round 11 outcomes by
increasing their effort), employees who choose
an effort of 0 in round 11 choose an average
effort of 11.3 in round 12. Regression to the
mean also cannotexplain the increasedeffort of
laggards.Restrictingthe sample to subjectswho
chose an effort of 0 in rounds 10 and 11subjects who have persistentlychosen the lowest possible effort level-average effort in
round 12 increases to 13.53. As will be seen
below, while EWA can be modified trivially to
capturethe presenceof strongleaders,it is more
difficult to incorporate responsive followers.
This shortcoming plays a central role in the
basic model's inability to track the data. We
conclude this subsection by illustrating more
radical revisions to the model that allow it to
capture the presence of responsive followers
and hence better track the data.
We now turn to an informal description of
Camererand Ho's basic EWA model. Technical
details are provided in Section C of the on-line
Appendix. Each player starts out with weights
("attractions"in Camererand Ho's nomenclature) for each of his strategies.The probability
of a strategybeing played is an increasingfunction of its weight. At the end of each round,the
weight for each of the strategiesis updated.As
in a reinforcementlearningmodel, this updating
depends in part on the payoff received by the
realized strategy-higher payoffs lead to a
greaterfrequencyof play in futurerounds.Like
belief-based models, unused strategies also get
their weights updatedbased on what they would
have earned if they had been employed. The
relative weights of realized payoffs and hypo-
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thetical payoffs are determinedby a parameter
fitted from the data. It is this inclusion of both
realized and hypothetical payoffs that allows
the EWA model to nest both reinforcementand
belief-based models of learning.30 To give
EWA a better chance to track the data, we
modify it slightly to capturethe obvious restart
effects in the data between ten-periodblocks.31
At the end of each ten-roundblock the attractions that govern choices in the subsequent
block are reset equal to a weighted average of
the initial attractionsand the attractionsat the
end of the ten-periodblock.
To generate predictions for the model, we
first calibratethe model by fitting it to the first
ten roundsof datafrom cells 1-5 andthe first 20
roundsof data from cell 6. This extra data from
cell 6 are included so the reset parametercan be
estimated. We do not use additional rounds
from the other cells-the goal is to predict behavior following an increase in the bonus rate
based on behavior prior to the bonus rate increase. All the parametersfor the full model are
fit using standard maximum likelihood techniques, including the parameter that governs
how much attractionsare reset following the
first ten rounds. The reset parameteris likely
underestimatedfor sessions with a bonus rate
increase, as the restart in these sessions is far
more dramaticthan in the controls. Using these
parameter estimates, we then simulate the
model for the first 20 rounds of the experiment.
For all simulations the bonus rate equals 6 for
rounds 1-10. For rounds 11-20, we run 1,000
simulations each with bonus rates of 6, 8, 10,
and 14. Figure 4 reports the results of this
simulation exercise, comparingthe average effort in the experimentaldata with the average
30
The nesting of belief-based models comes with a
caveat. EWA does not directlyinclude payoff maximization
as a belief-based model (e.g., fictitious play) does. This
becomes importantif the payoff function changes between
rounds as in our experiments. Even without adjustingbeliefs, a belief-based model will instantaneouslyrespondto a
payoff change as the payoff maximizationproblemhas been
altered. Unless we force attractions to change when the
payoffs change, the basic EWA model will respondonly to
changing payoffs with a delay. Intuitively, EWA responds
only to payoffs thathappenedor could have happenedin the
past.
31 These are present even in cells where the bonus rate
doesn't change. For example, the average effort by an
employee jumps from 9.00 in round 10 of cell 6 to 16.25 in
round 11, even though B = 6 in both rounds.
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effort in the simulationsfor round 10-20. Note
thatthis is employee-level dataratherthan firmlevel data-the simulations generally do a betterjob of trackingthe employee-level data.Also
note that the vertical scales are differenton the
two panels of the figure.
To point out the obvious, the simulationsdo
a poor job of replicatingthe experimentaldata.
The average effort for round 10 differs little
between the simulations and the experimental
data, and both show an increase in effort levels
for round 11, albeit much smaller in the simulations than the experimentaldata.It is in round
12 that the simulationsbegin to differ dramatically from the experimentaldata. In the experimental data, average effort levels continue to
increasegraduallyover time. In the simulations,
round 12 is a disaster as most of the gains of
round 11 are immediatelylost. Effort levels fall
steadily over time, eventually reaching even
lower levels than in round 10. In the simulations, bonus rate increases fail to overcome a
history of coordinationfailure.
Narrow technical reasons that EWA might
fail to track the experimentaldata can be dismissed. For example, as noted above, the fitted
value of the reset parameteris probably too
small. We thereforeran simulations where the
reset parameterwas doubled. This produces a
much larger increase in effort for round 11,
similar in magnitude to that observed in the
data, but doesn't prevent the downward spiral
that follows. More generally, it can be argued
fairly thatwe have examinedthe model for only
one set of parametersand that perhapsthe fault
lies with our fitting exercise. To answer this
critique we have run robustnesschecks using a
variety of different parametervalues. The inability to overcome coordinationfailureappears
to be a general featureof the model ratherthan
a function of the specific parameterswe have
selected.
To betterunderstandwhy the EWA model is
failing, reconsiderthe two featuresin the experimental data that we identified as playing a
centralrole in overcoming coordinationfailure:
multiple strong leaders to the bonus rate increase and responsive followers. The first is
replicated to some extent by the calibrated
model, as effort immediately jumps following
the bonus rate hike due to the trivial modification of including a restart.Moreover, the proportionof strongleaderscan easily be increased
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by increasing the reset parameter.Generating
responsive followers is a far greater problem.
As we did with the data, consider firms with a
minimum effort of zero in round 10 and focus
on the behaviorof employees in these firmswho
still choose zero in round 11. Taking an appropriately weighted sample from the simulations,
these simulatedemployees have an average effort of only 2.71 in round 12. Even if we double
the reset parameterto make simulated play for
round 11 more closely approximatethe experimental data, the average effort of simulated
subjects who chose effort level 0 in round 11 is
only 6.58 in round 12. Recall, the equivalent
figure for the real data is 14.2. Unlike the experimentaldata, laggardsin the simulationtend
to remain laggards, dragging the rest of their
firm back to a low effort level.
Two featuresof the model make it likely that
a laggardwill remain a laggard.First, a subject
is likely to be a laggard if his experience in the
firstten roundsstronglysuggestedthat choosing
the lowest available effort level was a payoffmaximizingstrategy.These experienceshaven't
vanished by round 12, making it likely that a
low effort level will still be selected. Second,
because EWA nests reinforcementlearning, it
inherits some of reinforcementlearning'sproperties. Specifically, there is strongcorrelationin
players' choices across rounds regardless of
what others choose because the updating rule
puts extra weight on attractionsfor the strategy
just played. This makes it likely that an employee who selects effort level zero in round 11
will also choose it in round 12. Both of these
points indicate that the model is a victim of its
own historydependence.This contrastswith the
experimentaldata where laggardseagerly abandon a history of failure-if somebody else
shows them the way.
The precedingsuggests that deeper modifications to EWA are needed than tweaking a parameter value. In additional calibration and
simulation exercises, we have made three substantive modifications as well as doubling the
reset parameter.The first two are drawn from
the literature on learning in games: strategic
teaching (Camerer et al., 2002)32 and change
sensitivity (Camerer et al., 2002). Strategic
32

For related models see Dale O. Stahl (1999) and
Cooper and John H. Kagel (2004).
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teaching adds individuals who understandthat
others are learning how to play the game and
thereforetake actions designed to influenceothers' learning (such as choosing a high effort
level in an attemptto lead others out of coordination failure). With change sensitivity, players
put less weight on lagged attractionswhen other
subjects' actions are rapidly changing. Intuitively, past experiences should not be considered as good a guide for currentactions when
the situation is highly fluid. Change sensitivity
makes players more likely to change their behavior following a change in others' actions.
The third modification, endogenous growth of
strategic teaching, is more ad hoc. It is well
established within the literatureon learning in
games that strategic empathy, reasoning from
the other players' point of view, grows with
experience.33We therefore allow EWA learners to become strategic teachers with experience. Critically, the probability of a switch is
an increasing function of the change in others' actions. Intuitively, imagine an unsophisticated subject who observes a dramatic shift
in others' effort levels. This subject may be
prompted to wonder why such a dramatic
change has occurred. Once a subject moves
into this realm of strategic empathy, it is a
short step to becoming a strategic teacher
oneself. By allowing strategic teaching to be
sparked by others' strategic teaching, we provide the model with a mechanism by which
laggards may be made responsive.
The bottom panel of Figure 4 displays the
results of simulations based on the EWA
model with these three modifications.34While
this still doesn't track the data, it at least
predicts that average effort will increase following an increase in the bonus rate. This
improvement is due to the third modification,
endogenous growth of strategic teaching, as
simulations of a model lacking this feature
differ little from those of the basic EWA

33 See Camerer et al. (2002) and Cooper and Kagel
(2003 and 2004).
34 Most parameterswere fit from the same data as above
using standardmaximum likelihood techniques. The one
exception is the growthrate of strategicteachers.Due to the
computational complexity involved, this was chosen
througha rough visual calibration.
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model.35 The large change in effort in round
11 induces a substantial fraction of the laggards to switch to strategic teachers in round
12. These players then become the responsive
followers that have been missing in our other
simulation exercises: the average effort in
round 12 of players who chose effort level 0
in round 11 is 11.4, close to the 14.2 for the
actual data. On the downside, it must be noted
that the simulations still fail to track the upward path of minimum effort after round 11.
The simulations also indicate a monotonic
response to the size of the bonus rate increase,
albeit likely too small to be detectable, contrary to Regularity 1. Finally, this is an ad hoc
model designed to track data from this experiment. We know neither that the cognitive
processes underlying subjects' choices resemble those assumed by the model nor whether
this model's relatively good performance will
generalize to other settings. The results are
suggestive but must be taken with a grain of
salt.
To summarize, any model that successfully
tracks the experimental data will need to incorporate responsive followers as well as
strong leaders in a bonus rate increase. While
we have made progress in identifying a class
of model that might be able to track the data,
it remains an open question whether these
models bear any relationship to the actual
cognitive processes of the experimental subjects. In future research, we plan to use the
team play technique developed in Cooper and
John Kagel (2005) to get inside the black box
of subjects' thought processes and begin answering these questions.

35 Adding strategicteachersleads to more strong leaders
(e.g., a larger jump in average effort for round 11) but
doesn't solve the problem of insufficiently responsive followers. Since strategicteacherstend not to be laggards,the
behaviourof laggardsisn't changed directly by their inclusion. Change sensitivity also fails to generate responsive
followers. Its inclusion puts more weight (relatively) on the
round that just occurred. This leads to faster changes in
behavior if the player in question has just changed his own
action or the changing behavior of others has changed his
best response. For laggardsfollowing a bonus rate increase,
neither of these conditions generally holds-a laggard's
best response changes only in the unlikely event that there
are no other laggards in his firm.
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V. Final Remarks
Coordinationfailure is a serious problemthat
besets many sorts of organization.While one
must always exercise caution in translatingexperimentalresults to field settings, our experiments suggest that organizations can use
financial incentives to overcome a history of
coordinationfailure. Given that small increases
in incentives are just as effective as large increases, and given that incentives need to be
increased only on a temporarybasis, it seems
that successful coordination can be accomplished on the cheap.
In understandingwhy an incentive increaseis
effective, understandingthe natureof the coordination problem is essential. We don't think
that employees in firms experiencing coordination failureare unableto readthe payoff table or
fail to realize that everyone could be better off
if all chose effort level 40. The trick, given the
riskiness of unilateralincreases in effort, is figuring out how and when to get everyone to
change their behaviortogether.If one thinks of
the turnaroundgame as a single 30-roundgame
ratherthan a sequence of 30 games, this is an
issue of equilibrium selection. The bonus rate
increasethen serves as a focal point in the sense
of Thomas C. Schelling (1960), triggering a
coordinatedchange to higher effort levels.3N
Because financialincentives matterprimarily
(in this environment)as a coordinatingdevice,
it seems likely that other coordinationdevices
might also be quite effective in overcoming
coordinationfailure. For example, Brandtsand
Cooper (2005) study the turnaroundgame with
a fifth experimentalsubject playing the role of
36 In Vince Crawford's(1991) discussion of Van Huyck
et al.'s (1991) work on median games, he notes that any
change in treatmenttends to lead to coordinationat higher
effort levels. Crawfordinformally refers to a "bell-ringing
effect," where the changes in treatmentsserve as a coordinating device similar to the changes in bonus rates for our
experiments. While this result is from a substantiallydifferent environmentand uses different manipulationsfrom
those studied here, it suggests that the value of bonus hikes
as a trigger for coordination is part of a more general
empirical regularity.Interestingly,these results don't necessarily extend to the harsherenvironmentof the weak-link
game. Even with a history of successful coordinationin a
closely related game, Van Huyck et al. (1990) find that
switching to the minimum game causes a quick collapse in
effort levels (p. 243). This is consistent with our failure to
find pure restarteffects.
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the firmmanagerfor rounds11-30. In some of the
experimental treatments, the subject-manager
is allowed to send messages to his employees as
well as selecting a bonus rate. We find that one
of the most profitablecommunicationstrategies
for a manageris to ask all of his employees to
select the highest possible effort level while
pointingout the mutualbenefits of simultaneous
changes to higher effort levels. In other words,
successful managers act as a coordinatingdevice for their employees.37
Focusing on the use of financialincentives as
a coordinationdevice for change allows us to
better understand how an effective incentive
scheme ought to be devised. First, any effective
scheme needs to be global in nature.If the goal
is to get all agents (or at least many of them) to
change behavior simultaneously, a piecemeal
approach is unlikely to generate the needed
fraction of strong responses. This matches well
with the conclusions of the empirical literature
on organizationalchange. Second, the launchof
an effective scheme needs to be highly public.
Schelling's classic example on focal pointsthat individualswanting to get togetherin New
York City would naturallycoordinateon Grand
Central Terminal as a meeting place-works
because everyone (at the time) would have
known where Grand Central Terminal was.
Withoutcommon knowledge of its existence, an
incentive scheme is unlikely to generate the
coordinatedchange needed to overcome coordination failure.
Many economists may be surprisedby the
lack of sensitivity to financialincentives in our
data. This is not a result that generalizes to all
environments,as behavior typically is sensitive
to the magnitudeof incentives (e.g., Raymond
Battalioet al., 2001). For our setting, were we to

37 The bonus treatmentof Knez and Camerer(1994), as
reportedin Camerer(2003), provides anotherexample of an
effective coordination device. Subjects play a six-player
minimum game for five rounds. Play reliably converges to
the lowest possible effort in these games. A bonus is then
announcedif subjects all choose the highest possible effort
level in a sixth and final round.Virtuallyall subjects switch
to the highest effort level even if the bonus is quite small. It
seems unlikely that the change in financialincentives causes
this improvementper se, given that a small bonus is adequate. Instead, the rapid change is likely due to the strong
externalcoordinatingdevice providedby the experimenter's
announcement.See Weberet al. (2001) for a similarexample.
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set incentives such that positive effort were a
dominated strategy, it is highly likely that all
positive effort would cease. Likewise, choosing
a very high level of B would likely yield perfect
coordination.Ourresultsindicate,however, that
there are cases where the magnitude of incentives is not of first-orderimportance. In our
setting, the bonus rate increase mattersprimarily as a coordinatingdevice ratherthan for its
direct effect on subjects' payoffs.
APPENDIX: INSTRUCTIONS FOR CELL

2
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For each round of the experiment you will
receive a flat wage and a bonus that depends on
the minimumnumberof hours spent on Activity
A by a memberof your group.For all roundsof
this experiment,the flat wage equals 200 pesetas. The bonus rate, B, may vary between
rounds. The bonus rate is selected by the firm
manager.In this experiment,the firm manager
is being played by the computer. We will always let you know the bonus rate before you
choose how many hoursto devote to Activity A.

OF THE

DESIGN
EXPERIMENTAL

General Information: The purpose of this experimentis to study how people make decisions
in a particularsituation.From now until the end
of the experiment, any communication with
otherparticipantsis not permitted.If you have a
question, please raise your hand and one of us
will come to your desk to answer it.
You will receive 500 pesetas for showing up
on time for the experiment.In addition,you will
make money duringthe experiment.Upon completion of the experiment the amount that you
make will be paid to you in cash. Paymentsare
confidential;no otherparticipantwill be told the
amount you make.
Parts, Rounds, and Groups: This experiment
will have several parts. In Part 1 there will be
ten rounds.After these ten roundshave finished,
we will give you instructionsfor the next partof
the experiment.In each round you will be in a
group with three other participants.The participants you are groupedwith will be the same in
all rounds.
Description of the Decision Task(s)in Part I of
the Experiment: You and the other membersof
your group are employees of a firm. You can
think of a round of the experiment as being a
workweek.In each week, each of the employees
in each firm spends 40 hours at the firm. You
have to choose how to allocate your time between two activities, Activity A and Activity B.
Specifically, you will be asked to choose how
much time to devote to Activity A. The available choices are 0 hours, 10 hours, 20 hours, 30
hours, and 40 hours. Your remaininghours will
be put toward Activity B. For example, if you
devote 30 hours to Activity A, this means that
10 hours will be put toward Activity B.

Payoffs: The payoff that an employee receives
in a round depends on the numberof hours he
chooses to spend on Activity A, the numberof
hours chosen by the others in his firm to spend
on Activity A, and the bonus rate B selected by
the firm manager. The payoff for the ith employee of the firm, 7ri,is given by the formula
below where Hi is the numberof hours spent by
the ith employee of the firm on Activity A, and
min(HA) is the smallest number of hours an
employee of the firm spends on Activity A. You
do not need to memorize this formula-the
computerprogramwill give you payoff tables at
any point where you need to make a decision:
(Al)

"ri= 200 - (5*Hi) + (B*min(H,)).

The firmmanager'spayoff dependson the number of hours spent on Activity A by the employees of the firm and the bonus rate B. The firm
manager's payoffs, wrF, is given by the following formula. Again, min(HA) is the smallest
numberof hoursan employee of the firmspends
on Activity A. (Recall that the firm manageris
actuallybeing played by the computer.Nobody
is actually receiving these payoffs.) Do not
worry about memorizing this formula, as the
programdisplays the firm's payoff functionany
time you make a decision, and the computer
automatically calculates the firm manager's
payoffs for you as a part of the feedback you
receive after each round:
(A2)

"nF= 100 + (60 - 4B)*min(HA).

Playing a Round: For each roundof the experiment, the computer will display a screen like
the one shown below. The payoffs shown in the
payoff table will be adjustedfor the changing
values of B. For the example below, we set B =
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TABLEAl-SAMPLE SCREEN
FORINSTRUCTIONS
Bonus rate = 8
Firm payoff = 100 + 28*min(HA)

Minimumhoursspenton ActivityA by other
employees
My hours on Activity A

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
230
180
130
80

200
230
260
210
160

200
230
260
290
240

200
230
260
290
320

TABLEA2-PAYOFFSFORPAYOFF
QUIZ
Bonus rate = 8
Firm payoff = 100 + 28*min(H,)
Minimum hours spent on Activity A by other
employees

My hours on Activity A

0
10
20
30
40

0

10

20

30

40

200
150
100
50
0

200
230
180
130
80

200
230
260
210
160

200
230
260
290
240

200
230
260
290
320

8. Notice that this is displayed above the payoff
table.
Each employee will choose a number of
hours to spend on Activity A using the buttons
on the right-handside of the screen. You may
change your choices as often as you like, but
once you click on "Enter"your choice is final.
Note that when you make your decision you
will not know what the otheremployees in your
firm are doing in the round.
At no point in time will we identify the other
employees in your firm. In other words, the
actions you take in this experimentwill remain
confidential.
InformationThat You Will Receive: After each
roundyou will be informedaboutthe numberof
hours you have spent on Activity A, the lowest
numberchosen by all of the employees in your
firm, the firm's payoff, your payoff for the latest
round, and your accumulatedpayoffs through
the currentround.You will also be shown your
decisions and the decisions of all the other employees of your group from the current and
previous rounds.

Payment: At the end of the experimentyou will
be paid, in cash, the sum of the payoffs that you
will have earned in the rounds of the experiment. As noted previously, you will be paid
privately and we will not disclose any information about your actions or your payoff to the
other participantsin the experiment.
Payoff Quiz: Before we begin the experiment,
please answer the following questions. For all
of these questions, assume that B = 8. This
gives employees the payoff table shown below.
We will go through the answers to a sample
problem before you do the rest of the quiz.
Please raise your hand if you are having trouble
answering one of the questions.
Sample Question: Suppose you choose to
spend 10 hours on Activity A. The other employees choose to spend 30, 20, and 40 hourson
Activity A.
The minimumnumberof hours an employee
of the firm spends on Activity A is
Your payoff is
pesetas.
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1) Suppose you choose to spend 20 hours on
Activity A. The other employees choose to
spend 30, 0, and 10 hours on Activity A.
The smallest numberof hours an employee
of the firm spends on Activity A is
.
Your payoff is
pesetas.
2) Suppose you choose to spend 0 hours on
Activity A. The other employees choose to
spend 20, 30, and 10 hours on Activity A.
The smallest numberof hours an employee
of the firm spends on Activity A is
.
Your payoff is
pesetas.
3) I am groupedwith the same threeindividuals
for all 30 rounds of the experiment
(True/False)?
4) My actions and payoffs will be confidential
(True/False)?
Instructionsfor Part 1
For the next ten rounds, the bonus rate B equals 6.
This bonus rate was set by the computer, not by another
human participant.
Instructionsfor Part 2
For the next ten rounds, the bonus rate B equals 10.
This bonus rate was set by the computer, not by another
human participant.
Instructionsfor Part 3
For the next ten rounds, the bonus rate B equals 10.
This bonus rate was set by the computer, not by another
human participant.
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