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Abstract: The @atchet effectOrefersto a situaion where aprindpd uses private
information revealed by an agent® early actionsto the agent® later disadvantage, in a
context where binding multi-period contracts are not enforceable. 1n a simple, context-
rich environment, we experimentally study therobusness of theratchet effect to the
introdudion of ex pog competitionfor prindpds or agents. While we observe
subgantial and significant ratchet effectsin the baseline (no competition) case of our
modd, we find that ratchet behavior is nearly eliminaed by labor-market competition;
interestingly thisistrueregardless of whether market conditionsfavor prindpds or
agents.
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1. Introduction

The Gatchet effectOapplies to asituaion where aprindpd contracts with an agent more
than onae, the agent takes a non-contractible action and has private information, and binding
multi-period contracts are not enforceable (Freixas, Guesnerie and Tirole, 1985) Insuch
situaionswith no possible commitment, theratchet effect occurs when actionstaken by the
agent early in therelationship reveal information to the prindpd, which isthen used by the
prindpd to the agent® disadvantage Examplesincludethe setting of produdion targets for
branches of amultidivisond firm or a nationdized econony (Weitzman 1980, thedesign of
compensation systems for workers within firms (Gibbons1987;1ckes and Samud son 1987,
contracting between a sodal-welfare-maximizing regulator and firms unde his or her
jurisdiction (Laffontand Tirole 1988 Litwack 1998, Dalen 1995, managersOncentives to
innovde (Dearden, Ickes and Samudson 1990) procurement contracting (Laffont and Tirole
1993) optimal income taxation (Dillen and Lundiolm 1996) agricultural share contracts (Allen
and Lueck 1999) theecononics of corruption (Choi and Thum 2003), and environmental
regulation (Puller 2009.

A common feature of the abovemodds is the presence of pooling equilibria early in the
prindpd-agent relationship. For example, in the case of worker compensation, able workers
tend to mimic workers with less talent by restricting ther output early in the employment
relationhip. This bendits abler workers by preventing thefirm from extracting thar rents later
in therelationdhip, butis sodally ineficient. Another, less well-known feature of existing
ratchet modds is thdr tendency to modd agentsOparticipation condraints very simply, typically
by requiring the utility of all agent typesto exceed the same threshold in each period. While this

may make sense in some cases (such as firmsin nationdized econonies) it may beunredlisticin



other contexts, such as competitive labor markets where outside optionsmay vary over time
andN more importantlyN across agent types.

Therobugness of theratchet effect to the competitive environment is an important
guestionin economics. For example, while ratchet effects may be common in centrally-planned
economnies, or in labor markets characterized by subgantial mobility cogs or firm-specific
capital, theimpartance of ratchet effects in markets characterized by a high degree of
compdition and (at least potential) mobility isless clear. Onemodd of ratchet effects tha
expandsthetrestment of agentsOoutside (market) aternaives is Kanemoto and MacL eod
(1992)" Kanemoto and MacL eod show tha, even when the outside market does notobserve the
agent( early-career performance, the presence of ex pog market oppatunities for agents can
eliminae theratchet effect, allowing first-best effort levelsto beattained? This suggests that ex-
pos markets for agents may be amore powerful force in eliminaing ratchet effects than
previoudy realized.

Asidefrom some early ethnogiaphic studies (see for example Mathewvson 1931) theonly
empirical evidence of ratchet effects of which we are aware is experimental in naure, and none
of it consders the effect of competition amongprincipds or agents.®> Chaudhuii (1998

conduded alaboratory experiment in which prindpds and agents interacted for two periods and

! Another such model is Roland and Sekkat (2000), who consider asituation where agentsC¥irst-stage performance
is observed by an outside labor market. Arguably, this puts Roland-Sekkat® model into a different class of models
from the ratchet-effect literature, often referred to as Gzareer-concernsOmodels (see for example Dewatripont, Jewitt
and Tirole 1999). In addition to making agentsCoutput public information, career-concerns models typically do not
incorporate private information about an agent@ type. In contrast to ratchet-effect models, career-concerns models
are capable of generating socially excessive effort early in the agent( career.

2 Intuitively, this is because abler agents are able to generate more total surplus from the employment relationship
than less-able agents. Even when the market does not observe first-stage performance, this generates type-specific
participation constraints in the second stage, which protect abler agents from exploitation. Note that this reasoning
does not apply to the case modeled by Gibbons (1987), where the asymmetric information applies to the firm@
technology rather than the agent@ type.

3 An exception is Allen and Lueck (1999), who use cash rent and cropshare contract data to test for the presence of
theratchet effect in the context of moral hazard in agricultural contracts, but they do not consider the role of
competition. They find limited evidence for the ratchet effect within share contracts and conclude that it cannot
explain the choice of contracts.



agents were oneof two types tha were undoserved by theprincpd. There waslittle evidence of
ratcheting: mog agents played navely, reveaingthar typein thefirst period even when an
informed prindpd would use this information to the agent@ disadvantage, and principds often
did not exploit agentsCtyperevelation. Possible explanationsfor this result indudetherelative
complexity of the game, and thelack of context provided to the subjects tha might have
impeded thelearning process.

Theonly other experimental study of theratchet effect of which we are awareis Coope,
Kagd, Loand Gu (1999) Coope et alii frame thar experiment in a context-rich way, as agame
between central plannas and firm managers, use both students and actud Chinese firm managers
as subjects, and implement experimental payoffs with high stakes relative to the participantsO
real-world incomes. They also smplify theinteractionsbeween prindpds and agents, focusng
the experiment only on the stages of the game where information revel ation matters: the agent®
effort choicein thefirst period, and the prindpd & choice of a payoff schedule in the second.
Coope et alii dofind evidence of ratchet effects, thougheven in ther context it took some time
for theplayersto learn the consequences of typerevelation. Ther artefactud field experiment
with managers suppots the externd validity of ratchet effects foundin the laboratory.

This pgper reports theresults of some simple laboratory experiments ontheratchet effect,
in the context of piece-rate compensation. It differs from existing experimental studiesin two
main ways. First, motivated by Kanemoto and MacL eod@theoretical indght, we introduce
market competition for agents and prindpds, by alowing playersto choo® beween thar

current partner and an aternative partne at the start of each stage of thegame.* Second,

* We are aware of only two other principal-agent experiments that include treatments featuring both excess firms
and excess workers. Brandts and Charness (2004) find only minor effects on the ratio of @ffortCto Gvage®
according to the direction of market imbalance in a gift-exchange experiment, and also find deleterious effects on
effort when a minimum wage is introduced. Cabrales, Charness, and Villeval (2006) show that in a static game with



motivated by the Coope et alii experimental approach, we simplify theinteractionsbetween
prindpds and agents even further. Specifically, we focusonly onthestrategic interactionsat the
heart of theratchet effect, i.e. those between the high-talent agentsC¥irst-stage efforts and the
prind pdsOsecond-stage rewards, and we reduce both partiesOstrategy sets to two choices (high
or low output, and high or low pay). Combining thiswith asimple context that makes sense to
our subjects (prindpds are firms and agents are workers), we bdieve tha this significantly
improves our subjectsQundestanding of thegame.

Our main findingsare twofold. First, we observe subdantial and significant ratchet
effectsin thebaseline case of or modd (which, like Chaudhui and Coope et alii, does not
incorporate ex pog labor market competition). We bdieve tha thisisin large pat dueto our
simple design tha focuses onthe main strategic issues. Second,we find tha ratchet behavior is
significantly reduced by compdition; interestingly thisistrueregardless of whether market
conditionsfavor workers (our @xcess firmsCcase), or firms (our @xcess workersQcase). Inthe
excess-firms case, it appears (as Kanemoto and MacL eod@ andysis predicts, and congstent with
the Perfect Bayesian Nash equilibrium (henceforth PBNEQ of the game played by our subjects)
tha talented workers are willingto reveal thar typesin thefirst stage because market
alternatives allow them to escape theincumbent firm@ desire to exploit them ex pog. Inthe
excess-workers case (again consstent with thetwo pure-strategy PBNE of the game), mos
talented workers once agan arewillingto reveal thar typeinthefirst stage Now thisis because
they are nolonge assured of remaining employed with the same firm in the second stage this

matching uncertainty reduces thereturnsto conceal ment.

informational asymmetry and hidden information, inefficiencies remain when principals compete against each other
to hire agents. In contrast, when agents compete to be hired, efficiency improves dramatically, and it increases in
the relative number of agents because competition reduces the agentsGinformational monopoly power.



Taken togeher, while the precise game played by our subjectsis hardly general, we
conjecture tha ourresultsillugrate two smple, general prindples regarding the effects of
competition oninformationd failures such astheratchet effect. First, an improvement in either
party@ outside options(which, holding the other party® outside optionsfixed, necessarily
reduces the quasi-rents assod ated with the partiesQrel ationghip) tendsto reduce the effect that
information revelation can have on the payoffs of theinformed party. Since thedifferencein the
agent® payoffs when the prindipd thinksthe agent is a GighOtype and when the prindpd thinks
the agent is a @owCtypeis smaller when competition is present, theinformed party@incentives
to conceal private information are reduced. Second,informed partiesGincentives to conceal
private information are reduced whenever thereisturnove in equilibrium: thereisno pointin
making a cogly investment to conceal private information from someonewith whomoneis
unlikely to interact in thefuture.® Thus it appearstha either ingitutiond bariers to competition
among both agents and prindpds, or ahigh level of relationdhip-specific investments, may be

more important to the existence of ratchet effects than previoudy realized.

2. A Mode

Let worker utility begiven by U =w - yV(e), where w istota compensation and "V (e)
isthecog of effort, e. V(e) hastheusud form (V(0) =0,V">0V™>0); we shall use V(e) = €
to generate parameter values for the experiment. There are two types of workers, high and low
ability (or QaentQ, differentiated by ther effort costs, "™ < "“. Outputis given by the

produdion fundion y = e; since thisis the same for both workers we henceforthuse y

® | ckes and Samuelson (1987) and Dearden, I ckes and Samuelson (1990) show theoretically that an ex ante
commitment by an employer with market power to transfer employees between jobs can reduce ratchet effects when
hidden productivity is job-specific. While similar in some aspects to our theoretical and empirical result about
turnover, we note that our result applies to hidden information about worker productivity, and that turnover is an ex
post optimal response to market competition rather than an ex ante commitment in our setup.



exclugvely to denote both output and effort. FirmsOprofits are given by " =y #w. Firmsoffer
piece rate contracts of theform w ="# + $y to workers. Infact, weset " =1, since this achieves
thefirst best in afull information environment. This meanstha firmsConly decisionis over the
valueof . Oneinterpretation of “ # 0 isastherental fee thefirm chagestheworker for the
rightto use its plant and equipment; asiswell known when ” =1 these fees will conditute the
firm@ only source of profit.?

Unde the aboveconditions thesodally optimal outputlevels are given by y =2-. With

" =1 these are also the outputlevels tha we expect workers to choo® in aonestageinteraction
with firms, aslongasthelevel of "~ satisfies both workersOparticipation condraints. High-talent
workers will produe more output than low-talent workers; in consequence both workersCtypes
arerevealed and afirst-best outcome is attained.

Now imaginetha workers and firms engagein a two-stageinteraction, with the stages of
potentially different length. Theworker@typeis still unknown to thefirm at thestart of thefirst
stage, butthefirm now mightinfer something about it from theworker@ stage-oneoutput In
paticular, high stage-oneoutput mightsignd high worker talent, implying tha thefirm can
chargea highe rental fee in stagetwo withoutviolating the worker@ participation condraint.
Anticipaing this, high-talent workers might @nasqueradefes low-talent workersin the first
stage Asaresult, firmswill continueto offer thelow rental feein the second stage, since they
were unable to identify theworker@typein thefirst stage  Thus we would obgerve inefficient
pooling at thelow outputlevel in thefirst stage, especidly if thefirst stageis short relative to the

second. Findly, suppo®that at the start of the second stage, all workers can receive a

® Although explicit job @entalGor entry fees are rarely observed in reality (and are in some casesillegal), it iswell
known that a variety of contracting mechanisms are equivalent to these fees. One exampleis apositive level of base
compensation combined with a minimum output quota that must be reached in order to qualify for apiecerate; in
this interpretation a higher rental fee («) correspondsto a higher output quota. Note also that the 100% piece rates
assumed refer to 100% of the firm@ net revenues, not of gross sales. See Lazear (1998), chapter 5 for adiscussion.



competing wage offer from another firm. As Kanemoto and MacL eod (1992 have shown, this
can prevent dncumbentCrirms from exploiting high-talent workers who reveal ther typein the
first stage, even when outside firms do not observe workersOstage-oneoutputs. Our experiment
tests this prediction, implementing the exact modd described abovewith parameter values as
described bdow.” As noted, we also test the effect of firmsQoptionsto hire alternaive workers.
In our experiment, we set y- =.010and """ = .005 which yieldssodally optimal output

levels of (- =) 50 and 100for the low- and high-talent workers respectively. Throughouthe

experiment, we restrict workersQoutput choices to these two levels, which we shdl call GowO
and GighGutputrespectively. Thus if each worker type chooses his Qype-appropriateCoutpt,
afirst-best outcome will beachieved. Asymmetric information-inducd ineficiendes will take
theform of workers choosng thetype-ingopropriate output level.

Workersreceive a baseline payoff of zero if they do notwork for any firm. If workers
choos type-appropriate outputs, thetotal surplusgenerated by the employment relationship
(e" #/(e)) is25and 50 respectively for thelow- and high-talent workers respectively; 25 and 50
are thusthe maximum rental fees thefirm can charge each type of worker if it knows the
worker@type In our experiment, we will allow firms to choos between two rental fees only:
"L =15(@owQ and " " = 33 (Chigh().2 We set the ex ante probability that aworker has high

talent at %.9 Findly, in our implementation, workers and firms interact over either oneor two

" Kanemoto and MacL eod@® model allows for a much more general menu of contracts than is feasible to implement
in alaboratory experiment; nevertheless the same fundamental factors explain the effect of competition on the
ratchet effect in their model as in our simpler version.

8 The context for our baseline model is the usual one where some degree of bilateral monopoly exists between
principal and agent; i.e. anon-zero amount of relationship-specific quasi-rents are available to be divided. These
two fee levels resolve this bilateral monopoly by assuming that, conditional on a worker® type being known, surplus
is shared between the parties. Aside from realism --it seems likely that bargaining will lead to rent sharing in most
cases--, allocating a nonzero share of the surplus to both parties has a practical purpose in our experiment: it is very
difficult to motivate subjects to pay attention when their choices have no payoff consequences.

° |f this probability is too high, afirm that does not know its worker( type will optimally choose the high rental fee,
thereby shutting low-talent workers out of the market. Thus the pooling equilibrium at the heart of the ratchet model



stages, with the second stage twice as QongGs thefirst (thusall the payoffslisted aboveare
doubkd, and therental fees adjuged accordingly to 30 and 66). Asnoted, raisingtherelative
importance of the second stage rai ses workersQncentives to manipulate theinformation thefirm
has aboutthem in that stage withoutaffecting theequilibrium of thegame.

Unde the aboveassumptions low-talent workersGstage-onepayoffsif thefirm podsthe
low rental fee are 10and-15at low and high effort levels respectively; if thefirm podsthehigh
feethey are-8 and-33 respectively. Thus in aone-shot game with no strategic interactions we
expect low-talent workers to choo% low effort if thefirm podsthelow rental fee, and to refuse
to work for thefirm at thehighrental fee. Similar calculationsshow that high-talent workers
findit optimal to supply high effort regardless of therental fee (thoughthey are obvioudy better
off at thelow fee). Thar stage-onepayoffsare225 and 35 at low and high effort levels
respectively if thefeeislow, and 4.5 and 17 respectively if thefeeis high. Thuswe would
expect to observe an efficient separating equilibrium if the game has only onestage However,
in atwo-stage game with no competition Bthebaseline case in our experiment, and the case
studied mog frequently in thetheoretical literature Baforward-looking high-talent worker will
conceal histypein thefirst stage (thussacrificing some current payoff) if hebdievesthiswill
lead thefirm to charge alower second-stagefee, leading to an ineficient poding equilibrium. In
terms of pure strategies, thisis demondrated formally in Appendix A, which demondrates tha
separating equilibria do not exist in this situaion, while the pooling equilibrium does.™

Appendix A also characterizes the PBNE in our laboratory experiment when we

introduee competition between firms or between workers. Briefly, Appendix A shows tha

cannot exist. A value of 1/3 gives firms adequate incentives to set the low fee and retain both worker types when the
worker@ type is unknown.

1% Unless otherwise specified, we shall confine our discussion of predicted equilibriato pooling and separating
equilbriain pure strategies. Thus, we generally omit the qualifier @n pure strategiesQunless we make specific
reference to mixed strategies.



pooling equilibriacannotexist in either theexcess-firms or the excess-agents treatments. We
also show tha equilibriain which agentsCfirst-stage behavior fully reveasthar typedoexist in
both cases (there is auniquePBNE in the excess-firms treatment and two PBNE in the excess-
workers treatment). The precise structure of those equilibria and the intuition behind them is

discussed in more detail in thefollowing section.

3. Experimental design

Our experiment was conduded at the Grouped@ nalyse et de ThZorie Econonique
(GATE), CNRS, France. Thestudentswere recruited from undegraduae coursesin local
Engineering and Busness schools, by means of the ORSEE software (Greiner, 2004) In total,
159 people took pat in the nine sessions(three for each treatment) of this experiment. Each
participant was assigned a computer uponarrival, by adraw from an opaguebag. No onecould
paticipae in more than onesession, and the same experimenters conduded all of the sessions
In each treatment, there was a conve'sion rate of 100 experimental unitsto !1. Averageearnings
were!14, indudinga!5 show-upfee.

Each participant was given therole of either ahigh-talent worker or afirm. The nunber
of paticipants allocated to each category dependead onthetreatment. We decided to have
automated low-talent workers, asther decisonswere quite trivial (reject contracts with a high
rental fee, as thiswould generate negaive earningsfor the worker, and accept contracts with low
rental fees, since this provides postive earningsfor both firms and workers).** Since we
expected virtudly no deviation from this strategy, we programmed thelow-talent workers to

follow it. It was madecommoninformationin theingructionstha thelow-talent workers were

1 Even negative reciprocity could not come into play with human low-talent workers, as the firm is clearly not
being antagonistic by choosing the lower rental fee.
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robots and tha they were programmed to follow this strategy.*

In order to facilitate comprenenson, we coudhed our experiment in terms of thefirm
being the owner of afood conacession stand on campus®® Note tha thefirm@incomeis only
wha isrecelved in rental fees. Inthefirst pat of aperiod, thefirmiswillingto rent the stand (to
aworker) for oneweek; we restrict thefirm to charging thelow rental fee of 15in orde to
provide a high-talent worker with areal choice, thusenabling usto gather useful data.™ If afirm
or aworker does notend upin acontractud relationship, he or shereceives nothing for that
stage If ahightalent worker accepts a contract, he or she chooss either low or high output,
with the worker earning more in tha stagefrom high output  Each firm isthen informed about
theoutput level (reject, low, or high) of theworker in thefirst stage, but nat theworker@type

In the second stage, thefirm isfree to choo either thelow rental fee (30) or a high
rental fee (66). Low-talent workers make their programmed choices, while high-talent workers
choo® to either rgect the offer or to providelow or high output. In order to increase the cog of
inefficiendes, this second stage GestedGtwo weeks, rather than oneweek. Firms were informed

abouttheoutputchosen. Table 1 bdow presentsthegame and al possible payoffs.

12 The robots were programmed with different response times and a session proceeded to the next step only once all
the players had entered their decisions. Therefore, the only evidence that afirm had concerning the nature of the
worker was the choice made by the worker.

13 \We attempted to insure comprehension by requiring participants to complete a GComprehension questionnaire,O
which can be found in Appendix B, along with a sample of the experimental instructions.

14 Choosing the high fee of 33 gives an expected gain of only 11 for thefirm in that stage. In addition, allowing the
firm to choose the high fee in this stage might allow it to uncover the type of its worker but at the risk of having its
offer rgected if matched with alow-talent worker. Thiswould not test the ratchet effect.
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Table1 BThe Game
First stage
Worker@ type Rental fee Worker@ choice | Firm@payoff | Worker® payoff
Reject 0 0
Hightalent 15 Low output 15 225
High output 15 35
Reject 0 0
Low talent 15 Low output 15 10
High output 15 -15
Second stage
Worker@ type Rental fee Worker@ choice | Firm@payoff | Worker® payoff
Reject 0 0
30 Low output 30 45
High output 30 70
Hightalent Reject 0 0
66 Low output 66 9
High output 66 34
Reject 0 0
30 Low output 30 20
High output 30 -30
Low talent Reject 0 0
66 Low output 66 -16
High output 66 -66

A key feature of thisdesignistha if ahigh-talent worker choos high output, he will

receive 35in thefirst stage butwill face ahighrental feeif thefirm realizes tha sheis matched

with a high-talent worker, and will receive 34 in the secondstage (so 69in total). By

compaison, the high-talent worker who chooss low outputin thefirst stageearns22.5 then and,

if thefirm subsequently chooss alow rental fee, earns 70 in the second stage (so 925 in total).

Notice tha, by condruction, the choice of type-appropriate outputs by both worker types

corresponds literally, to afirst-best allocation under the assumptionsof themodd.

Each sessonindudel five periodsconssting of only thefirst stage, in order to

familiarize the players with theenvironment of thegame and to verify tha theworkers
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undestand tha the high-output choice is best when there is no continudion. Theingructionsfor
the dynamic game were distributed only after completion of these five periods The paticipants
then played 20 periodsof thetwo-stage game, with firms and workers randomy re-matched in

each new period.

Basinetreatment

We had equd numbers of firms and workers in this treatment. Therewere 20live
participantsin two sessionsand 16 in thethird session (dueto no-shows). Fifteen participants
were assigned to be GirmsQand five participants were assigned to be Gigh-talent workersO there
were also 10 automated low-talent workers.™  Each firm was matched with oneworker of
unknown type There was no competitionin this treatment, since the worker was pared with the
same firm for both stages of every period. Asaready noted, and as Appendix A shows, pooling

isaPBNE in this treatment, while no pure separating equilibrium can exist.

Excess-firms treatment

We had twice as many firms as workersin this treatment, with 21 live participants in each
session. Eighteen participants were assigned to be @irmsCand three paticipants were assigned
to be Gigh-talent workersO The other six workers were automated low-talent workers. Inthe
first stage, each worker is pared with two firms. In thefirst stage, both firms make the offer of a
low rental fee (15) to ther paired worker.’® Theworker chooss to accept at most oneof these

(identical) offers.

1311 the session with 16 participants, there were only four high-talent workers and 12 firms.

18 To isolate the effects of market competition on information revelation (and also to keep the game simple enough
for the laboratory context), we maintained the same menu of feesin all treatments. In an expanded model,
competition is of course also likely to affect the level of the ighGand GowCfees. Since competition among
workers will drive workersQutilities towards workersOnon-market alternatives (zero) and competition among firms
will do the same for firms, these endogenous changes in fees are likely to accentuate the effects that are both
predicted and observed here: competition reduces the effects of information revelation on payoffs.
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As before, the dncumbentCrirm learnsthe outputlevel. In thesecondstage, both firms
offer either alow or ahighrental fee to theworker. If theworker accepts an offer, then he
chooss either low or highoutput If both offersinvolve thelow rental fee, low-talent workers
accept oneat random the high-talent worker is completely free to choos which (if either) offer
to accept and to choo® any outputlevel. Indeed, the worker receives both offers at the same
time and he can identify the firm with whomhecontracted in thefirst stage A firmisnot
informed aboutthe offer of theother firm.

AsAppendix A shows, theonly PBNE for this treatment is a separating equilibrium, i.e.
an equilibriumin which workers choos type-appropriate outputs in thefirst stageand where the
incumbent firm correctly inferstheworkersCtypes. Importantly, however, theincumbent firms
do not take advantage of thisinformation;ingead they offer low second-stagefeesto all
workers, regardless of theworker@ first-stage effort choices. (Firms offer low fees because if
they do not, therisk tha theworker will take the other firm@ offer istoo great). Findly, since
workers of both types expect they will receive low-fee offers from both firmsin the second stage
regardless of workersCfirst-stage actions workersCYirst-stage actionswill simply maximize ther

first-stage utilities.

Excess-workers treatment

We had twice as many workers asfirmsin this treatment, with 15 live paticipants in two
sessionsand 10in thethird session (dueto no-shows). Nine participants were assignal to be
@irmsCand six participants were assignel to be Gigh-talent workersQ(respectively, six and four
in thethird session). Theothe 12 workers were automated low-talent workers. Inthefirst
stage each firm is pared with two workers of unknown type In thefirst stage, thefirm makes

an offer to oneof thetwo workers; if thisworker rgects the offer, then the same offer is madeto
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thesecondworker. Thesecondworker is notinformed tha thefirst worker has turned down the
offer. Asbefore, thefirm learnstheoutputlevel. Inthe secondstage thefirm choossto
approech first either the worker who had accepted the contract in thefirst stage or the
unemployed worker, and chooss either alow or ahighrental fee.X” Once again, if theoffer is
rgjected, the same offer isthen madeto the other worker.

Appendix A showstha, once agan, poolingis nota PBNE in this treatment, while two
separating equilibriadoexist. These equilibriashare two key features: (a) firms make high
second-stage fee offers when they see high first-stage output and low second-stage offers
otherwise, but(b) thereisturnove in equilibrium; specifically, incumbent workerswho chooe
low first-stage effort are re-employed by the firm with probability strictly lessthan one (The
only difference between thetwo equilibriaisin the structure and amountof turnove.) Even
thoughlow first-stage effort causes firmsto choo® alow second-stage fee, high-talent workers
are discouraged from choosng low first-stage effort because therr low probability of future

employment with thefirm at this low fee does notjustify this investment in concealment.*®

4. Experimental results
Table 2 summarizes for each treatment the decisions made by the subjects in thefive

single-stage periodsand then in each stage of the 20 two-stage periods

Y 1n principle, if neither worker accepted the contract in the first stage, the worker who first received the offer in the
second-stage was randomly matched. However, this never happened.

18 Predictions would differ somewnhat if firms could change their offer after arejection. Once again, high-talent
workerswill choose type-appropriate first-stage outputs in any PBNE, so there is no ratchet effect. The equilibrium
firm strategies supporting this worker behavior differ however: Now, firmsQequilibrium second-stage strategy,
regardless of their beliefs about the worker's type, is a high-fee offer to the incumbent worker followed by alow
offer to the unemployed worker. Anticipating this, high-talent workers are now discouraged from choosing low
first-stage effort by the fact they will face the high second-stage fee regardless of their first-stage actions. Whether
or not firms can make different offers to different workers, the underlying intuition is that improved outside options
for firms reduce the scope for workersCfirst-stage actions to affect their second-stage payoffs.



Table 2 - Summary statistics

Baseline Excessfirms Excess workers
1) (2 3
Single-stage periods
Accepted contracts 68 of 70 (97.1%) 45 of 45 (100.0%) 36 of 36 (100.0%)
High output 65 of 68 (95.6%) 43 of 45 (95.6%) 36 of 36 (100.0%)

Stage 1 in two-stage periods
Accepted contracts
High output

277 of 280 (98.9%)
106 of 277 (38.3%)

180 of 180 (100.0%)
180 of 180 (100.0%)

164 of 164 (100.0%)
145 of 164 (88.4%)

Stage 2 - Offers
High fee after low output

High fee after high output

87 of 731 (11.9%)
98 of 106 (92.5%)

17 of 360 (4.7%)
54 of 180 (30.0%)

154 of 334 (46.1%)
136 of 145 (93.8%)

Stage 2
Accepted contracts

High output

274 of 280 (97.9%)
265 of 274 (96.7%)

180 of 180 (100.0%)
180 of 180 (100.0%)

211 of 231 (91.3%)
211 of 211 (100.0%)

Stage 2 - Switches
After High fee/output
After Low fee/output

51 of 54 (94.4%)
54 of 136 (39.7%)

13 of 145 (9.0%)
125 of 334 (37.4%)

15

Note: The table only reports the agentsQdecisions for the high-talent (human) agents. In the Excess-workers
treatment, the difference between the number of observationsin stage 1 and in stage 2 is due to the fact that the
firms do not necessarily offer contracts to the same agent in the two stages. In column 2, the decision to switch
emanates from the agents; in column 3, it emanates from the firms.

Effort decisions
We first mention tha high-talent workers appear to have undestoodthebasic gamein

thefive single-stage periods High-talent workersrejected alow-fee contract offer in only two of
151 occasions(1.32%), and chose low output onfive occasonsout of 149(3.36%). Thus we
see the predicted outcome an overwhdming propation of thetime in the static game with only
onestage

How do matters changewhen there are two stages? Table 2 shows the propartion of
high-talent workers who chose thelow outputin the first stage after having received an offer

with alow renta fee. Inthebasdinetreatment, we see consderable evidence tha workers are
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aware of the problem with revealing tha they have high talent by choosng the high outputin the
first stage (althoughnot all of the subjects play the PBNE of thegame). Infact, 1710f 277times
tha a contract was accepted (61.73%),*° high-talent workers cho alow output, deferring
immediate gainsin favor of future bendfits. This 61.73% contrasts greatly with the 4.41% low-
output rate observed in the static game of this treatment (it al'so contrasts with the congderably
lower percentages of type-conaealing observed in the previousexperimental studies of the
ratchet effect). Anandysisof thebehavior of the14 individud high-talent workersisreveaing.
In fact, there were four workers who always chos a high output, appaently failing to grasp the
basic prindple involved; oneothe worker acted amog randomnly, choosng each of the high and
low outputs ninetimes and rejecting thelow-fee rental contract twice, suggesting some degree of
confuson. Theothe nineworkersrarely chose high outputs in thefirst stage, and these choices
were gengaly madein thefirst periodsof asession.

We can also compare these choices to thos of the high-talent workersin the second
stage, where (at least direct) strategic consderationsare absent. In 2650f the 274ingances
(96.72%) where ahigh-talent worker was offered a contract in the second stage, he chose a high
output® Thisbehaviorisin stark contrast to the 38.27%likelihoodof choosng the high output
in thefirst stage, where thefuture loonslarge®

Behavior changes greatly when there is competition between firms. All the subjects play

the PBNE of thegame. High-talent workers accepted the contract offers and chose the high

1 The contract was rejected (inexplicably, since doing so also reveals high talent) three times of 280 (1.07%).

% The contract was rejected six times (2.14%) and the low output was chosen nine times (3.28%). All six rejections
were of the high-rental-fee contract. Strangely, eight of the nine choices of low output came after alow-fee contract
was offered.

% The average individual output is significantly higher in the second stage than in the first one in the baseline
(Wilcoxon signed-rank test, p = 0.006). In all of the non-parametric statistics reported in this paper, the unit of
observation is the average value of each individual @ decisions across periods. Indeed, in a strict sense each session
is only one independent observation, since we use arandom-matching protocol. Since we have only afew sessions
in each treatment, we conduct these tests by averaging the choices of each participant in al periods to one number;
while this approach ignores the interactions between parties, we believe it is nevertheless informative.
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outputin every oneof the 180ingances when a high-talent worker was offered a contract in the
first stage It seems quite clear tha, in linewith the Kanemoto and MacL eod (1992 modd,
competition for scarce workers leaves high-talent workers unéraid to reveal ther typeearly in
thegame. Wha is perhgps more surprisingistha theratchet effect also vanishes when thereisa
scarcity of firms, so tha workers compete with each other. High-talent workers always accept
an offer, andthey choo® thelow outputin only 19 of 164ingances (1159%) in thefirst stage®
Put differently, 88.41% of these observationscoincide with the PBNE of thegame. We
conjecture tha workersrealize tha firmswould like to be able to chargethe highrental fee, so
that signding high talent is useful for obtaining any offer in the second stage®

Because of thelongitudind dimengon of thedata, we estimate random-effects Probit
modds to identify the determinants of the choice of a high outputin thefirst stage of thegame.
Theindeendent variables indudethetreatment, atime trend, and individud characteristics,
namely gende and cognitive abilities proxied by thelevel obtained onthefind high-school
exam and by themark obtained in mathematics in thisexam. Table 3 displays theresults of
these estimationsfor pooled daa (column 1) (excluding the excess-firms treatment since all
subjects cho high output) and the baselinetreatment alone(column 2).

Table 3 confirms thd, in thefirst stage, the high-talent workers choo% high output

significantly less frequently in the baseline treatment than in the excess-workers treatment (and a

2 An analysis of individual behavior shows that only four of the 16 high-talent workers in this treatment ever chose
the low output in the first stage. One of these was responsible for 11 of the 19 low outputs observed.

2 While it seems obvious that the percentage of low outputs with high-talent workersin the first stage differs across
treatments, we can also provide a very conservative nonparametric test that confirms statistical significance. The
percentage of low outputs with high-talent workers in the first stage was 52%, 74%, and 59% in the three baseline
sessions; these percentages were 0%, 0%, and 0% in the three sessions with excess firms, and 8%, 4%, and 27% in
the three sessions with excess workers. Thus, the Wilcoxon rank-sum test finds significant differences (p = 0.050)
in rates across any pair of treatments, using each session as only one independent observation. Taking the individual
as aunit of observation, the mean output in the first stage is significantly lower in the baseline than in the excess-
firms treatment (Wilcoxon test, p = 0.002) and than in the excess-workers treatment (p = 0.001). There is no
significant difference in this respect between the excess-firms and the excess-workers treatments (p > 0.100).
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fortiori than in theexcess-firms treatment). Thetime trend is also significant, suggesting that
subjects learn to play strategically in the baseline® Theindividud characteristics are not
significant; it should however be noted tha in thebaseling theability in mathematics exerts a
bordelineinfluence (significant at the 10.6% level with atwo-tailed test). Intuitively, higher

mathematical ability favors strategic reasoning.

Table 3 - Deter minants of a high-talent worker choosng the high output in thefirst stage
(Random-effects Probit models)

Treatments
Dependent variable: Baseline + Excess Baseline
Choice of ahigh output workers (1) @)
Period -.071%** -.069***
(.020) [-.015] (.023) [-.027]

No Competition (baseline) -3.008** * -
treatment (1.083) [-.626]
Male -.429 029

High school certificate cum laude

(.829) [-.090]

-.360

(.919) [-.076]

(1.476) [.012]

1.229
(1.097) [.486]

Math skills -.061 -.529
(.232) [-.013] (.327) [-.209]

Constant 6.793** 4.842
(2.823) (3.921)

N 441 277

Log likelihood -112.852 -79.592

wad !? 24.65 1171

PI’Ob> ., 2 000 020

Standard errors are in parentheses and marginal effects are in brackets.
*** means significant at the 0.01 level, ** at the 0.05 level.

24 As arobustness test, we have estimated the same models with robust standard errors and clustering at the
individual level. The only difference is that the time trend is significant at the 5% level in model (1) and at 10% in
model (2). Consistent with our interpretation of thistrend as alearning effect, more detailed inspection of the data
reveals that essentially all of the time trend in the baseline treatment occursin the first ten periods.
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Choice of rental fees
We next consder the behavior of thefirms. Figure 1 shows the choices of rental fees by
firmsin the second stage, both overall and also according to whether the pared worker chos a

high or low outputlevel inthefirst stage

Figure 1 - High rental fee rates in second stage
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Firms were much more likely to choo® a highrental fee in the second stage after
learning of a high outputin thefirst stage thiswastruein al treatments. In contrast, the
propottion of firms offering the high fee is significantly different across treatments.?

In the baselinetreatment, firms overall chose the high rental fee 22.10% of thetime; the
rate after a high output was observed was 92 45%, but was only 11.90% after alow outputwas
observed. Thus it may betha some firmsfear rgjectionif ahighfeeis proposd, while afew

firms are willing to take a chance tha it was a high-talent worker who chose thelow outputin

% Averaging values by individual and considering each firm as an observation, Mann-Whitney tests conclude that
firms propose higher fees in the baseline than in the excess-firms treatment (p < 0.001) and that firms in the excess-
workers treatment offer higher fees than in both the excess-firms (p < 0.001) and the baseline treatments (p < 0.001).
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thefirst stage Overall, this confirms tha choosng to conaeal ond3 ability in thefirst stageis ex
pog the better strategy.

When there are excess firms, firms choo% a highrental fee in the second stage only
13.15%of thetime; therate after alow output was observed was only 4.72%, but was 30% after
ahigh outputwas observed. Put differently, 70%of thefirmswho are able to identify ther
workers type play the PBNE of thisgame. Recall that high-talent workers always chos high
outputs, appearing to bdieve that they can revea thar typewith impunity. At first glance, the
30%rate after ahigh output appears to be a serious consequence of revelation; however, since
theworker was pared with two firms, there was aso the chance tha the other firm would offer a
low rental fee. In fact, after revealing hightalent in thefirst stage, the high-talent worker
neverthdess recelved at least oneoffer with low rental feesin thesecondstagein 174 of 180
cases (96.67%), so choosng high output in thefirst stagewasrarely codly infact. Theandysis
of theworkersOswitching decisionsbetween firmsis also informative. Table 4 displays the
workersQdecisionsdepending on the second-stage fees chogsen by theincumbent firm and its

compdtitor.

Table 4 - Decisonsto switch firmsin the second stage excess-firms treatment

Incumbert firmOoffer Low 2"-stage fee High 2"-stage fee
CompetitorOoffer High fee Low fee Total High fee Low fee Total
Decision to switch 0(0) 54 (42.86) | 54 (42.86) 3 (5.56) 48 (88.88) 51 (94.44)
Decision not to switch | 12 (9.52) 60 (47.62) | 72(57.14) 3(5.56) 0(0) 3 (5.56)
Total 12(9.52) | 114(90.48) | 126 (100) 6(11.12) | 48(88.88) 54 (100)

Note: Percentages are in parentheses.

This table shows tha it never paysfor afirm to choos the high rental fee in the second

stage since doing so leadsthe agent to select the contractud offer of the competitor. When both
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firms choo® the high fee, theworkers are indifferent® In arandomeeffects Probit modd
analyzing the workersOprobability to switch firms (notreported here but available uponrequest),
we find tha beng matched with two firms choosng a high fee reduaes thelikelihoodthat the
worker switches firms by 41.83 percentage points, while being matched with two firms choosng
thelow feereduaes thislikelihoodby 32.70 percentage points.

Thepictureis somewha different with excess agents, where high rental fees were chosen
overall 6054% of thetime. Now workers are more desperate to find employment, and revealing
high talent has strategic value Inded, thefirms capitalize on theinformation, as firmsin this
postion chose the high rental fee 93.79%of thetime in thesecondstage. So here thefirms
capture thelion@share of theavailable rents. When firms learn of low outputin thefirst stage,
they are uncertain of theright course of action, andthelow rental feeis chosen in the second
stage 53.89% of thetime. Here agan, theandysis of switching decisonsisinformative. Table
5 reports descriptive statistics on thefirmsOdecisionsto switch agents between thefirst and the

second stages.

Table5 - Decisonsto switch workersin the second stage excess-agents treatment

Firm learrs the worker hashigh talent Firm doesnot learn the type of its agent
Secad stage fee High fee Low fee Total High fee Low fee Total
Decision to switch 10 (6.90) 3(2.07) 13 (8.97) 66 (19.76) 59 (17.66) | 125 (37.43)
Decision not to switch | 126 (86.90) 6 (4.14) 132(91.03) | 88(26.35) | 121(36.23) | 209 (62.57)
Total 136 (93.79) 9(6.21) 145 (100) 154 (46.11) | 180 (53.89) | 334 (100)

Note: Percentages are in parentheses

Nearly 87% of thefirmswho learn tha theworker with whomthey were matched in the

first stage has high talent propos the high fee in the second stage to the same worker. Ina

randomeffects Probit modd andyzing thefirmsQprobability to switch workers (notreported

% Interestingly, we do not find clear evidence of inequity aversion. Indeed, inequity-averse workers would switch

firms who make similar offers to reduce the difference of payoffs between the two firms across the period.
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here), we find tha beng matched with aworker choosng a high outputin thefirst stagereduces
thelikelihoodthat thefirm switches workersin the second stage by 31.79 percentage points.
Decisionsare less simple when the firms have notlearned with certainty thetypeof ther worker.
The prediction derived from thetwo separating PBNE isthat in this Situaion thefirms should
initially offer thelow fee to theunemployed worker so that it increases therisk for a high-talent
agent to conaeal histypein stage1l. Wefind that firms seem to have a strongstatusquobiasin
tha 37%of thefirms (aplurality) cho to stick with theincumbent worker even after failling to
learn theworker@ type at theend of stage 1. Not only that, these firms offered the worker alow
rental fee, which is difficult to jugify from a payoff-maximizing point of view since afirm
cannotbe certain tha theincumbent worker does not conceal histruetype This may bedueto
nave play orto astatusquobias. In paticular, theory predicts that high-talent incumbent
workerswill conceal thar typein equilibrium if their subjective assessment of the probability
they will receive thefirst offer in the second stage goes beyond a certain threshold (see footnhote
34in Appendix A). 19.76% propo< the high fee to the other worker and 26.35% to the same
worker. These are decisonstha are not part of the separating PBNE but may bejudified if
firms play mixed equilibria

Table 6 presents aregression tha highlights the deerminants of whether afirm chooss
thehighrenta feeinthesecondstage We estimate random-effects Probit modds on pooled
daa (1) and on each treatment separately (2 to 4), taking into accountthefact that firms make
repeated decisons Theexplanaory variables indudethe worker@ choice of high outputin the
first stage We interact this variable with each treatment in thefirst regression. Inregression (3),
we add a dummy for whether thefirm was selected in thefirst stage and the same variableis

interacted with the choice of a high output by theworker since we predict that beng matched
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with an agent who has chosen high outputin stage 1 should lead thefirm to offer a high rental
feein stage 2.

Theregressonsshow no significant time trend except in the excess-firms treatment,
which probably indicates the presence of learning: it appearstha firmslearn to copewith
competition as they accumulate more experience in tha treatment.?’ Individud characteristics
play norolein thefirm® behavior. Compared to the baseline treatment, firms were subdantially
more likely to offer ahigh-fee contract in the excess-workers treatment and subgantially less
likely to do so in the excess-firms treatment. Overall, firms were more likely to choos the high-
fee contract after having observed ahigh output inthefirst stage In the excess-firms treatment,
being selected in thefirst stagereduces thelikelihood of offering a high fee in the second stage
by 5.7 percentage points, buttheworker being a high-talent agent ingead increases the

likelihoodby 21.7 percentage points.

%" As arobustness test, we have estimated the same models with robust standard errors and clustering at the
individual level. The only differenceis that the time trend loses significance when data are pooled and it is only
significant at the 10% level in regression (3). In contrast the excess-firms treatment dummy gains significance at the
1% level inregression (1).



Table 6 - Deter minants of a firm choosng the high rental feein the second stage

Treatments
Dependent variable: All treatments Baseline Excessfirms Excess
Offer of ahigh fee (1) 2 3) workers (4)
Period -.013* .003 -.028*** -.014

Excess firms treatment

Excess workers treatment

High output in first stage

High output in first stage in
Excess-firms treatment

High output in first stage in
Excess-workers treatment

Firm selected in thefirst stage
Firm selected and high output in
thefirst stage

Male

High school certificate cum laude

(.007) [-.004]

- 548+ *
(.245) [-.140]

1.378%**
(.306) [.458]

3.351%**
(.255) [.905]

-1.930%**
(.309) [-.255]

-1.209***
(.339) [-.205]

074
(.171) [.021]

(.011) [.0007]

3.310%+*
(.267) [.899]

135
(.300) [.030]

(.010) [-.003]

- 515+ **
(.154) [-.057]

1.326***
(177) [.274)]

084
(.275) [.009]

(.013) [-.005]

2.218%**
(.247) [ 515]

-122
(.347) [-.041]

-.098 -.064 -.064 -.105
(.116) [-.028] | (.186)[-.014] | (.156)[-.007] | (.324)][-.035]
Math skills
010 015 .055 052
(.036) [.003] (.056) [-.003] (.056) [.006] (.094) [.017]
Constant
-1.262** -1.294* -1.828 -.240
(.496) (.696) (.040) (1.316)
Nb observations 1856 837 1080 479
Log likelihood -646.231 -262.788 -332.878 -212.710
wald ! 2 319.39 15423 65.06 82.74
Prob> .000 .000 .000 .000

Note: Standard errors are in parentheses and marginal effects are in brackets.

*** means significant at the 0.01 level, ** at the 0.05 level.

24
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Regading earnings thefirms naurally earn more (and theworkers less) when thereis
compeition amongworkers, since they are able to extract theinformationd rent of the workers
andto select thar employees. In theexcess-firms treatment, firms earn amog the same profit as
in the baseline because even thoughthey are able to extract theinformationd rent of the agents,
theworkers can select thefirms for which they are willing to work.?®

To summarize, viewed in the context of our theoretical modd, areasonable interpretation
of theresults from our two compditive treatments seems to bethefollowing. Theexcess-firms
treatment improves workersQoutside options(by adding the possibility of trading with a different
firm) while holding firmsQoutside optionsfixed (at zero). After thisimprovement, it isrisky for
firms to demand a highrental fee even if thefirm knows tha theworker has high talent, since the
worker mightchoo% to work for another firm indead. Asaresult, mog firmstend to pod low
fees even when they oberve highfirst-stage outpt, i.e. regardless of theworker@ first-stage
behavior. Anticipating this, high-talent workers are less motivated to undetake inefficient first-
stage actionsto conceal thar identity.

The excess-workers treatment, in contrast, improves firmsQoutside options(by adding the
possibility of trading with a different worker) while holding workersCoutside optionsfixed (at
zero). Now firms can offer the highfee initially to either theemployed or the unanployed
worker if they observe highfirst-stage output, and alarge majority does this. More importantly,
however, thefact that firms exercise ther optionto make offers to unemployed workersin
equilibrium reduces high-talent workersQincentives to concedl ther identity by picking low first-

stage output

% The average earnings for al firms are 47.11 in the baseline, 22.62 with excess firms, and 51.21 with excess
workers (the corresponding numbers if we consider only matched firms are 47.11, 45.41, and 62.41). The average
earnings for all high-talent workers are 80.16 in the baseline, 103.80 with excess firms, and 43.66 with excess
workers (the corresponding numbers if we consider only matched high-talent workers are 80.16, 103.80, and 70.46).
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Put more succinctly, competition amongfirms restricts firmsGability to take advantageof
private information if they have it, while competition anongworkers restricts the amount
workers can hopeto gain by conaealing private information. In both cases, increased

compeition improves thetranamission of private information.

5. Conclusion

We study theratchet effect in asmple, context-rich experimental environment. In our
baseline treatment, whichN like theexisting experimental studiesN does notincorporate ex pog
compdition for agents or prindpds, we find strong evidence of theearly pooling equilibria
predicted by the basic ratche modd. This contrasts with the existing experimental studies,
where theratche effect was either absent or took consderable time to develop. We attribute this
to our simpler design, which facilitated subjectsQundestanding of the strategic € ements of the
game.

Tha said, we dso find tha theratchet effect essentially disappears when we introduc ex
pog competitionfor either agents or prindpds. While Kanemoto and MaclLeod (1992
predicted thisin amore general modd of competition between princpds, to our knowledgeno
studies have predicted or tested this effect of ex past competition between agents. When
prindpds compete, we find tha abler agents no longea attempt to conceal thar ability at the
beginning of the prindpd-agent relationdhip, since agents anticipate tha the prindpds will not
be able to extract informationd rentsin thefuture. When agents compete, thereturnsfrom
concealment by abler agents are reduced as a direct consequence of firmsOmproved outside
options

Taken togeher, our results strongly suggest tha competitive processes tha improvethe

ex pog outside optionsof either party to arepeated prindpd-agent relationship reduce the
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likelihoodof pooling equilibriain which agents successfully conceal private information early in
the relationghip. Theintuition has two simple components: improving either party@ ex pog
outside optionsreduaes thetotal amount of quasi-rents available to be divided between the agent
and prindpd. This, in turn, reduaes the effect tha information revelation can possibly have on
theinformed party@ payoffs, thusredudng the payoffs to conaealing that information. Notably,
this process does not require themarket (in our case, non-incumbent prindpds) to observe the
same things(in paticular, the previouspeformance of theagent) that are seen by the contracting
paties; thusit opaates even when the outside @narketOis at an informationd disadvantage
relativeto ingders. Second turnove matters. theprivate return to making (cogly) investments
in concealment isreduced if informed agents are less likely to interact with thethusuninformed
paty inthefuture. While our modd is highly specific, it seems likely that both of these
prindples carry over to much more general contexts.?

If our results are indeed general, competition may have significant implicationsin the
many domeinswhere theratchet effect has been studied theoretically. For example, increased
compditionin previoudy centrally-planned econamies should contribute to an increase in
efficiency, notonly for thereasonstha are mos commonly discussed, but also dueto a
redudion in theddeteriouseffects of informationd asymmetries between firms and ther
cugomers (formerly the central planna). Inthedomain of regulation, the existence of additiond
possible cusomersfor utilities after efficiency-improving investments have been made should
reduce utilitiesQtendency to unde-invest in those improvements, as will competition among

utilities for the chance to serve a common cugomer. Congerning optimal income taxation, the

% |n amore general setting, the principal and agent would interact for more than two stages, and with an uncertain
termination date. Relative to our context, this should improve the partiesCability to sustain an efficient outcome
even without market competition. Notably, wefind that competition eliminates ratchet effects even in the two-stage
finite-horizon case where the second stage is @ongCrelative to the first, which is much more conducive to ratchet
effectsin the first place.
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option to move between tax jurisdictions(whether states or counties) should raise workersO
effort (and improve sodal welfare) for reasonstha are distinct fromthe usud work-disincentive
effects of taxation> competition amongworkers for theright to remain matched with a
jurisdiction (for example amongrecent immigrants) should also raise thar effort but with a first-
roundeffect of lower worker utility. And of course, competition between corrupt officials
should reduce their ability to extract rents from cusomers,® and competition anongpatential
cusomersN while bendfiting corrupt officialsN should also reduce informationd asymmetries by
encouraging cusgomersto reveal thar willingnessto pay upfront Insum, theratchet effect is
highly vulnerable to ex pog competition on both sides of themarket. Thisisabendicial effect
of market competition that has not been widdy appreciated to date, and that is distinct from the

usuad arguments madein competition favor.

% Bucovetsky (2003) has recently argued that that inter-jurisdictional worker mobility imposes efficiency-improving
constraints on tax authorities in the context of the Grain drain® The mechanism, however, isrelated to holdup
problems associated with educational investments, which are quite distinct from the informational asymmetries
modeled here.

3 Note that this effect is distinct from the possible advantages of rotating officials to minimize repeat interactions
(Choi and Thum 2003).
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Appendix A: Equilibrium in the Three Treatments

A.1 Basine (No Conpdition) Case

In the second stage, high-talent workers accept both low (30) and high (66) fees, yielding a profit
to thefirm equd to thefee charged. Low-talent workers accept only thelow fee, yieldinga
profit of 30if thelow feeis charged and zero if thehigh feeis charged. Thus thefirm@
expected profitsif it charges thehigh fee are 66p + 0(1-p) = 66p, where p isthe firm@ subjective
probability that theworker is high-talent. Thefirm@ profits from charging thelow fee are 30,
indgpendent of its bdiefs because both worker types accept this offer. Thus thefirm will choo®
to pod the high fee at the start of the second stageiff 66p > 30, orp >5/11

Now suppo® a separating equilibriumin pure strategies in which both workers choo® type-
appropriate first-stage outputs, thusrevealing thar types. Firmswho observe ahigh first-stage
output will therefore set p=1 and charge ahigh second-stagefee. Thus in equilibrium, a high-
ability worker@ payoff will be35in thefirst stageand 34 in the second stagefor atotal of 69. A
high-produdivity worker who deviates from this equilibrium by choosng low output in thefirst
stagereceives 225 + 70=925. Thusthere can beno such separating equilibrium.

In apooling equilibrium, both worker types select low outputin stage 1; thusp = 1/3 (theshare
of typesin the population) at the start of stage2. Thefirm therefore sets alow fee in thesecond
stage Equilibrium payoffsare225 + 70=925 for the high- talent workers. Now consder the
expected payoffs of a high-produdivity worker who deviates from this equilibrium by selecting
high outputin thefirst stage Since low-talent workers prefer low effort regardless of how a
deviation to high effort isinterpreted (and in fact are incapable of choosng high effort in our
implementation), firms should infer tha any worker deviating to high effort is of hightalent, and
will impose a high second-stagefee if such deviationsare observed, leading to a payoff of
35+34=69. Thusit does notpay ahigh-talent worker to deviate fromthis pooling equilibrium. It
aso doesn®pay for thefirm to deviate by charging a high fee in the second stage after observing
low output, snce p = 1/3<5/11in ourdesign. Therefore a pure pooling equilibrium does exist.

A.2 Excess Firms Case

In this case two firms (the OncumbentOand Wutsider play asimultaneousfee-offer gameto an
agent of (patentially) uncertain typein the secondstage. Depending on the worker@ output
history at theincumbent firm, thefirms might have different priors concerning theworker@ type

Assuming tha workers choo% at randombetween identical offers, the payoff matrix confronting
these two firmsis given in thetable bdow, where p and q respectively are theincumbent and
outsider firmsCbdliefs (at the start of the second stage) tha theworker ishightaent. These
values are derived asfollows: If both firms choos thelow fee (30), thisis accepted regardless
of theworker@ type, butthe worker will choose at randomfrom thetwo identical offersfor an
expected payoff of 15. If thetwo firms choo different offers, either type of worker will chooe
thelow offer; thusthefirm charging the high fee gets a payoff of zero, and the other firm@ offer
is accepted with certainty for a payoff of 30. If both firms chargea highfee, theincumbent
firm@ expected payoff is 66 (thehigh fee) timesiits assessment of the probability the worker is of
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hightalent (p), times .5 (the chance tha the worker picks theincumbent). Theoutsidefirm@
payoff in thissituaionis calculated in the same manner.

Outside firm@ offer
Low fee High fee
Incumbent firm@ Incumbent@ | Outside® | Incumbent@ | Outside®
offer: payoff payoff payoff payoff
Low fee 15 15 30 0
High fee 0 30 33p 3%

Examination of thistable reveastha thelow feeis a strictly dominant strategy for theoutside
firmiff g < 10/11. Next, note tha the outsidefirm does not observe the worker@ first-stage
effort decision. (It does, of course, oberve which firm theworker chose to work for in thefirst
stage, but this choice revea s no information aboutthe worker since both firms offer thelow fee
in thefirst stage). Thuswe mug have g=1/3, and the outside firm will always offer alow fee.
Given this, then according to the above payoff table theincumbent will always choose alow fee
aswell; in other wordsgiven Bayesian bdiefs for the outsidefirm, theonly Nash equilibrium to
this simultaneousoffer second-stage subgane isfor both firmsto offer alow fee, regardless of
theincumbent firm@bdiefs. (Even if it is certain its worker has high talent, theincumbent firm
will notdemand a high fee because it should rationally anticipae that its competitor will offer a
low fee).

Findly, since workers of bath types know they will receive low-fee offersfrom both firmsin the
second stage regardless of workersCYirst-stage actions workersCrirst-stage actionswill simply
maximize ther first-stage utilities. Theonly Perfect Bayesian Nash equilibrium in theexcess-
firms case is thusa separating equilibrium, in which workers choos type-appropriate outputsin
thefirst stage incumbents correctly infer theworkersQtypes in the second stage but do not take
advantage of thisinformationN they offer low second-stage feesto all workers, regardless of the
worker@ first-stage effort choices.*

A.3 Excess Workers Case
In this treatment, firms mug offer the same fee to the employed and unemployed workers, but
may make theoffersin any order. Thus afirm now mug choos amongfour second-stage

¥ This result, like K anemoto and MacL eod(, is robust to the introduction of small worker mobility costs. To see
this, imagine that, when faced with identical offers, workers choose the incumbent firm@ offer with probability r >
0.5. Thenforall r! [.51), theoutside firm@ strictly dominant strategy is still to set the low feefor all q<10/11.

Since g must still equal 1/3 for outside firms, outside firms must offer the low fee in any equilibrium. Given this,
the incumbent firm can expect 30r if it sets the low fee and zero if it sets the high fee. Thus, once again the only
equilibrium has firms making low-fee offers to all workersin the second stage, regardless of their first-stage actions.
Collusion between firms to impose the high fee when facing a high-talent worker isvery unlikely due to the
information structure of the game.
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actions offeringthe high or low fee to eithe the employed or unanployed worker. (Any offers
tha are turned down are then offered to the other worker).

L ow fees are always accepted by thefirst worker to get them; thusthefirm@ payoff when it
offersthelow fee to either worker first isjug 30 (thelow fee). When thefirm offersthe high
wage, then regardless of the order of the offers, thefirm receives a payoff of zero if nather the
employed or unanployed worker is able, and 66 otherwise. The probability nather worker is
ableis Prob(U low talent | E low talent)*Prob(E low talent) = (11/17)*(1-p). Thusthefirm will
offer thehighfeeiff (1/17)*(1-p)*66> 30, or p>36/121" .296 Aswiththelow fee, thefirm
isindifferent to which worker receives the offer first; thisis trueregardless of its prior, p.

Given these facts, we can now check for the existence of certain kindsof equilibria
a) Cana pure separating equilibriumexist?

By ddfinition, in apure separating equilibrium, all high-talent workers choo% highfirst-stage
output and all low-talent workers choos low first-stage output, and thereforefirmsset p=1
when they see high first-stage output and p = 0 when they see low first-stage output. It thus
follows fromthe abovefacts tha, in any pure separating equilibrium, firms will offer ahighfee
in the second stage whenever the employed worker@ first-stage output was high, and a low
second-stage fee to both workers when the employed workerG first-stage output was low.

We need to congder four different types of pure separating equilibrium.

Ca= 1: Firmsinitially make their second-stage offer to the employed worker, regardless of the
employed workerG first-stage output choice. In this proposed separating equilibrium, an able
worker gets 35+ 34 = 69. If hedeviates by picking low first-stage output, hegets 225 + 70 =
925, s0 hewill deviate. So this separating equilibrium does not survive.

Cas2: Firmsinitially make ther second-stage offer to the unemployed worker, regardless of
the employed workerG first stage effort choice. In this proposd separating equilibrium, an able
worker gets 35+ (12/17)*34 = 59 (thefirm chooss the high fee, having observed high outputin
stage1). If hedeviates by picking low first-stage output (in which case thefirm chooss alow
feein stage 2, since thefirm bdieves tha the employed worker isless able and (6/17)*66 < 30)
hegets 225 + 0 = 225, so thereis no profitable deviation. ThisisaPBNE

Ca= 3: Firmsinitially make their second-stage offer to the employed worker if theemployed
worker@ first-stage output choice is high, and to the unemployed worker if the employed
worker@ first-stage outputislow. In this proposd separating equilibrium, an able worker gets
35+ 34=69. If hedeviates by pickinglow first-stage output, hegets 225+ 0 =225, so thereis
no profitable deviation. Thisisa PBNE

Cas4: Firmsinitially make thar second-stage offer to the unemployed worker if theemployed
worker@ first-stage output choice is high, and to the employed worker if the employed worker(3
first-stage output choice islow. In this proposd separating equilibrium, an able worker gets 35

+ (12/17)34 = 59. If hedeviates by picking low first-stage output, hegets 225 + 70=925, so

hewill definitely deviate. So this separating equilibrium does not survive.

Putting all these cases togdher, there are two pure-strategy, separating PBNE. In both, firms
make high second-stagefee offers when they see high first-stageoutput andlow second-stage
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offers otherwise, andincumbent workers who choose low first-stageeffort are re-employed by
thefirmwith probabiity strictly lessthanone®

b. Cana pure pooling equilibriumexist?

Recall tha we force all ourlow-talent workers to always choo low effort, so pooling can only
occur at thelow level of first stageoutput Further, if al workers choo low first-stage output,
firm@ second stage prior, p, will equd 1/3 for al workers, both employed and unemployed.
Therefore, firmswill always prefer the high second-stagefee, since thelikelihoodtha at least
oneof theworkers will accept theofferis1 - (2/3)*(11/17)=29/51,and (2951)*66 > 30.

We now condder an able worker® incentives to deviate from these proposed pooling equilibria.
(Low-talent workers cannotdeviate, by congruction, and wouldn®want to anyway because
choosng high outputisa dominated strategy for them no matter how firms interpret it). We
therefore assume thefirm interprets high outputin stage 1 as asignd of high talent with
probability 1.

Suppog first that a high-talent incumbent worker gets thefirst oppatunity at thefirm@ second-
stage offer whether hedeviates or nat. Then hewill deviate for sure, since hegets 225 + 34 =
565 inthepooling equilibrium and 35+ 34 = 69if hedeviates. Heisaready facing a high
second-stage fee in the pooling equilibrium, so why notjug pick high effort in the stage?

Withoutexplicitly going throughall the cases of offer order, it is appaent from theabovetha
theonly way apooling equilibrium can beimmuneto deviationsisif adeviating, high-talent
worker was somehow (punishedOfor high first-stage effort by alower likelihoodof getting the
first chance at the second stage offer (recall that firms are indifferent to offer order for al p. The
mog extreme case possible here is where theincumbent worker always gets thefirst chance at
the second-stage offer when hepicks low effort, but is secondin linewhen he picks high effort
in adeviation.

In this case, theable worker again gets 225 + 34=565 in thepooling equilibriumand 35 +
(12A7)y34 =59if hedeviates. Thus thereisa profitable deviation even in this extreme case.

We condudethat no pure pooling equilibriumcan exist.*

31t we allow firms to randomize over which worker receives the second-stage offer first, additional equilibria with
these same two features also emerge. For example, consider just the class of equilibriain which the QoutingOof the
firm@ second-stage offer is not conditional on the observed first-stage output and let ! be the probability that the
firm makes its first offer to the employed worker. Then, combining cases 1 and 2, the able incumbent gets 35 + 34!
+(12/17)34(1- !) in the separating equilibrium. He gets22.5 + 70! if he deviates. It followsthat thereisalso a
continuum of PBNE in which the employed worker unconditionally receives the first offer with probability ! <
73/120.

% These predicted equilibria are also robust to the introduction of small mobility costs. To see this, imagine that
inexperienced workersOpayoffs, whenever they are employed, are ¢ less than experienced workersCpayoffs because
such workers must incur startup costs. Then, for al ¢! [0,20), unemployed workersQchoices will be exactly the

same in all circumstances as when ¢=0, and firmsQprofits are unaffected as well. Thus, the entire proof goes
through unchanged. (The predicted equilibriado change if mobility costs are directly deducted from firmsCpayoffs -
-i.e. from the fees charged-- rather than workersOpayoffs, but this does not seem realistic in this case where (a)
workers are residual claimants on profits and (b) are in excess supply.)
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Appendix B BInstructions for the excess-firmstreatment (othe indructionsavailable upon
request)

We thank you for participating in an experiment on decision-making. During this session, you
can earn mongy. Theamountof your earningsdependson your decisonsand on thedecisonsof
the othe paticipants in this sesson. During the session, your earnings will be calculated in
Experimental Currency Units, with:

100ECU= 1 Euro.

The session congsts of two pats, each induding severa peiods The earningsyou have made
during these 2 pats will be added up and conveted into Euros In addition, you will receive! 5
for participaingin theexperiment. Yourearningswill bepad to youin cash in private.

Y our decisionsare anonynousand confidential.

There are three categories of players. firms, low-produdivity workers and high-produdivity
workers. The number of firms is twice the nunber of workers. The high-produdivity workers
represent one third of the total number of workers. For example, as in this session, 18
paticipants are firms, 6 participants are low-produdivity workers and 3 paticipants are high-
produdivity workers. The low-productivity workers are not human-subjects but computer-
subjects.

During each stage of each part, two firms are matched with oneworker randomy chosen. Firms
do not know the produdivity of this worker. The chances are one in three (33%) tha they are
matched with a high produdivity (human worker). The chances are two in three (67%) tha the
firms are matched with a low-produdivity computer-worker. At each new peiod, firms and
workers are re-matched randonly.

You are alocated either therole of a firm or therole of a high-produdivity worker at random
You will beinformed of your role at the beginning of thefirst part and you will keep the same
role throughoutthe session.

You have received the indructions for the first pat of the sesson. The ingructions for the
second pat will bedistributed after thefirst pat has been completed.

Thefirst part congsts of 5 periods
First part - Description of each period

Each of thetwo firmsisthe owner of afood concession stand on a University campus They are
willing to rent thar standsto theworker for oneweek. Thetwo firms chargearental fee of ECU
15to use thestand. Thisrental feeis theonly source of earningsof the firms. Theworker can
accept at mog oneoffer.

- If theworker regjects both offers, thefirms and the worker earn 0 ECU.

- If the worker accepts oneoffer and rents a stand, he or she buysall his supplies for the week
and keepsall the proceedsfrom sales.

Theworker who rents the stand chooss to ddiver either alow output (i.e. serving alow number
of cugomers) or a highoutputin theweek (i.e. serving ahigh number of cusomers).
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As mentional earlier, the low-produdivity workers are computers in this experiment. They
always accept one of the two 15ECU offers at random and they choo® the low output
Theefore, the firm who rents the stand to a low-produdivity computer-worker earns
automatically ECU 15 andthe other firm earns0 ECU.

A high-produdivity worker earnsECU 225 net if heor shechooss thelow output and heor she
earns ECU 35 net if he or she produces the high output In both cases, the firm who rents the
stand to a high-produdivity worker earnsECU 15 and the other firm earns0 ECU.

The net payoffs in ECU (i.e. after payment of the rent and supplies) assodated with each
possible decision of the paticipants are summarized in thefollowing Table:

High-produdivity Firm@ payoff High-produdivity
worker @ choice worker 3 payoffs
Rejects the offer 0 0

Low output 15 225

High output 15 35
Low-produdivity Firm@ payoff

worker @ choice (¥)

Low output 15

(*) A lowprodudivity computer-worker always accepts the offer and always chooss the low
output

Thetiming of decisionsis thefollowing:

- Thetwo firms offer to thar worker to rent the stand for ECU 15. The worker receives
both offers at the same time.

- If theworker isalow-produdivity worker (i.e. acomputer-worker), it accepts the offer of
onefirm chosen randonly andit chooss thelow output

- If theworker is a high-produdivity worker, he or she chooss between accepting one of
the two offers and rejecting both offers. If he or she accepts one of the two offers, he or
she chooss beween thelow and the high outp.

- Thefirm who has been cho®n isinformed of these choices but he or sheis notinformed
of whether she was matched with a high-produdivity worker or with a computer-worker.
Theother firmisonly informed tha his or her offer has not been accepted.

- OneB own payoff is displayed and the period ends

At theend of aperiod, anew peiod starts automeatically. Each periodisindgendent. Firmsand
workers are re-matched at the beginning of each new period.

Throughoutthe entire session, direct communication between participants is strictly forbidden.
If you have any question regarding these ingructions please raise your hand. Your questions
will be immediately answvered in private. Please answer the comprehenson questionnare tha
will bedisplayed on your screen.
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Seondpart - Description of each period
(Ingructionsdistributed after thefirst part has been completed)

Thesecond part congsts of 20 periods

Each peiod now conssts of two stages. These two stages represent the first week (Stage 1) and
thenext two weeks (Stage 2), respectively.

Y ou keep thesame role asin thefirst part.

Two firms are matched with the same worker, randomly chosen, during the two stages of
one period. At each new period, firmsand workersarere-matched randomly.

Stagel
Therulesfor Stage 1 are exactly thesame asfor Part 1.

Each of the two firms proposes to rent his or her food conaession stand in the first week. The
firms charge arental fee of ECU 15. Thisrenta fee isthe only source of earningsof thefirms.
Theworker can accept at mos oneoffer.

- If theworker regjects both offers, thefirms and the worker earn 0 ECU in this stage

- If theworker accepts oneof thetwo offers, he or shechoasesto ddiver either alow outputor a
high outputin the week.

As before, thelow-produdivity workers are computers. They always accept oneof the offers and
they choos the low output The firm who is chosen earns ECU 15 and the other one earns 0
ECU.

A high-produdivity worker earns ECU 225 net if he or she chooss the low output and ECU 35
net if heor she chooses the high output In bath cases thefirm whois chosen earnsECU 15 and
the other firm earnsO.

The nea payoffs in ECU in the first stage assodated with each possible decison of the
paticipants are summarized in thefollowing Table:

High-produdivity Firm@ payoff High-produdivity
worker @ choice worker 3 payoffs
Rejects the offer 0 0

Low output 15 225

High output 15 35
Low-produdivity Firm@ payoff

worker @ choice (*)

Low output 15

(*) A lowprodudivity computer-worker always accepts the offer and always chooss the low
output
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Thetiming of decisionsisthefollowing:
- Thetwo firms offer to thar worker to rent the stand for ECU 15.

- If theworker isalow-produdivity worker (i.e. a computer-worker), it accepts the offer of
onefirm chosen randonly andit chooss thelow output

- If theworker is a high-produdivity worker, he or she chooss between accepting one of
thetwo offers and rejecting bath offers. If he or she accepts one of the two offers, he or
she chooss beween thelow and the high outp.

- The firm who has been chosn is informed of these choices. The other firm is only
informed that his or her offer has not been accepted.

- OneB own payoff in Stage 1 is displayed and Stage 1 ends

Stage?2

For theright to use thar conaession stand for the next two weeks, the firms choo% to chage a
rental fee of either ECU 30 or ECU 66. Theworker can accept at mog oneoffer.

- If theworker rgjects both offers, bath firms and the worker earn 0 ECU in this stage

- If theworker accepts oneoffer, heor shechoossto ddiver either alow output or a high output
in the next two weeks,

Thelow-produdivity computer-workers aways reect the high rental fee offer of ECU 66. They
always accept the low rental fee offer of ECU 30 and choo thelow output. If both firms offer
the high rental fee of ECU 66, they regject both offers. Therefore, a firm who is matched with a
computer-worker earns 30 if he or she chooses the low rental fee and O if he or she chooss the
high rental fee.

The net payoffs in ECU for the next two weeks assodated with each possible decision of the
paticipants in Stage 2 if the firm charges the low rental fee (ECU 30) are summarized in the
following Table:

High-produdivity Firm@ payoff High-produdivity
worker @ choice worker 3 payoffs
Rejects the offer 0 0

Low output 30 45

High output 30 70
Low-produdivity Firm@ payoff

worker @ choice (¥)

Low output 30

(*) A lowprodudivity computer-worker always accepts the offer with the low rental fee and
always chooss thelow output

Note tha the abovepayoffs are jug two times the payoffsin Stage 1.
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The ne payoffs in ECU for the next two weeks assodated with each possible decision of the
paticipants in Stage 2 if the firm charges the high rental fee (ECU 66) are summarized in the

following Table:
High-produdivity Firm@ payoff High-produdivity
worker@ choice worker (3 payoffs
Rejects the offer 0 0
Low output 66 9
High output 66 34
Low-produdivity Firm@ payoff
worker (@ choice (*)
Rejects the offer 0

(*) Alowprodudivity conputer-worker always rejects the offer with the high rental fee.

Thetiming of decisionsisthefollowing:

Each firm chooss between the low rental fee (ECU 30) and the high rental fee (ECU 66).
Theagent receives both offers at the same time.

If the worker is a low-produdivity computer-worker, it rejects both offers if both firms
propo% the high rental fee. It accepts one offer randonly if both firms offer the low
rental fee. If only onefirm offersthelow rental fee, it accepts this offer and it chooses the
low output.

If the worker is a high-produdivity worker, he or she chooss between accepting one of
the two offers and rejecting both offers. If he or she accepts one of the two offers, he or
she chooss beween thelow and the high outp.

The firm who has been chosen is informed of these choices. The other firm is only
informed tha his or he offer has not been accepted. The firms are not informed of
whether they were matched with a high-produdivity worker or with a computer-worker.

Own payoffsin Stage 2 and for the whole period are displayed. The payoff of the period
isthe sum of the payoffs of each stage

At theend of aperiod, anew peiod starts automeatically. Each periodisindgendent. Firmsand
workers are re-matched randonly at the beginning of each new period.

Please answer the comprehenson questionnare that will appear in your screen.
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Comprehension questionnaire bPart 1

Correct Wrong
1) | can bealow-produdivity agent e e
2) | am aways pared with the same two participants o e
3) If I am afirm, | can choo% therental fee e e
4) If ahigh produdivity worker chooses the high output,
- heor sheearns22.5 a a
- thefirm earns 15 a a

5) A low-produdivity worker chooss onefirm randomly, accepts thefee proposd by thisfirm
and chooss a high output o o)

Comprehension questionnaire bPart 2

Correct Wrong

1) I am pared with the same two participantsin the
two stages of each period e a
2) | am pared with the same two paticipantsin al periods o e
3) If I am afirm, | can choo® theamountof therental feein Stage 1 o o
4) In Stage 1, if ahigh produdivity worker chooses the high output,

heearns225 o o)
5) In Stage 2, if a high-produdivity worker accepts the fee of 66 and

choossthehighoutput , heor sheearns 35 o o
6) In Stage 1, theoutput chosen by alow-produdivity worker depends

ontherent proposd by thefirms heor sheis matched with o o

7) In Stage 2, alow-produdivity worker awaysrejects afee of ECU 66 =« o



