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Deferred Compensation and Gift Exchange:
An Experimental Investigation into Multi-Period Lab or Contracts

Abstract

This paper examines the relationship between firmage offers and workers’
supply of effort in a multi-period environment.fifms are able to commit to a schedule
of wage payments, in equilibrium they will offer fdeed compensation: first-period
productivity is positive and wages are zero, whast-period productivity is zero and
wages are positive. Workers respond to deferredpeosation by supplying sufficient
effort to avoid dismissal. In the absence of commaitt, in equilibrium firms pay zero
wages and workers supply low effort. The experingntuces strong evidence of these
predictions. In an experimental treatment whemadiare able to commit to future wage
payments, we frequently observe deferred compeamsaind relatively high worker
effort. In a treatment where commitment is not pmeswe observe no deferred
compensation, much lower wages, and little workiéore A third treatment where
commitment is not possible, but firms are able toldoa reputation, produces an
intermediate result. Finally, we also find somedewice of gift exchange. In the treatment
where firms were able to commit to wage offers, keorincreased the effort levels in
response to above equilibrium wage offers by a myrbat not in response to similar
offers by a computer. However, the estimated eftdéagifts on worker behavior is of
considerably smaller magnitude than the effectedéted compensation. In the absence
of commitment, we observe a stronger role for githange. Workers increase their
effort levels in response to generous wage offad &rms increase their offers in
response to previous effort levels, even thougtheethe wage offer nor effort level has
a theoretical effect on incentives.

Keywords: deferred compensation, pensions, experimental ladmynomics,
personnel economics, gift exchange, incentive skisig.
JEL class:C91, J31, J41, M51, M52.



Few questions in labour economics have been thedulf as much attention as
the effect of workplace incentives on worker efffiazear (2000) and Prendergast
(1999)). An important issue in this literature gt if output is difficult to measure,
simple short-run incentive schemes may produceepsevresponses from workers; who,
for example, may increase the quantity of outputlevieducing quality. Consequently,
many firms do not use simple performance-basedsghgmes, and instead attempt to
reward measures of long-term performance.

One incentive scheme that ties rewards to longemneasures of performance is
deferred compensation (Lazear (1979)). In a dedercempensation contract the
worker/employer relationship is expected to be {@rgn. Workers are underpaid during
the early part of their career (that is pay is ldssn marginal revenue product) and
overpaid during the later part of their career.sT$tructure of compensation encourages
higher effort. Future pay always exceeds futuredpetivity, thus workers have an
incentive not to undertake actions that will lear dismissal. An important issue
concerning deferred compensation is that firms lavecentive to renege on late-career
overpayment and dismiss older workers, who are paice than their marginal product.
This implies that in the absence of an effectivangotment mechanism, deferred
compensation can not be part of an equilibrium reat The literature has focused on
two such mechanisms: legally binding long-term cacts and reputation (i.e. a firm that
dismisses older workers will face future recruitididficulties). A second issue is that
older workers will have an incentive to remain twe job past the optimal retirement
point because they are paid more than marginainteveroduct. This problem can be
solved by a policy of mandatory retirement.

Because deferred compensation is an optimal cdntraly when there exist
difficulties measuring short-term effort and outpthiere is an inherent problem in testing
the theory directly. If the short-term performaneere directly observable to the firm
(and researcher) then the employer should be abdptimally tie wages to productivity
in the short-run, for example through piece rass.unsurprisingly, we are not aware of
any direct empirical evidence on the impact of def# compensation on worker
behavior. Instead the existing literature focuseswdether mandatory retirement and
steep age earnings profiles are associated witls jith monitoring difficulties
(Hutchens (1987)); whether mergers or high banksuptobabilities are associated with
flatter wage profiles (Gokhale et. al (1995)); amdether wages increase too much in
later years of the career to be explained by priddticincreases (Seltzer and Merrett
(2000)).

This paper directly examines the relationship betwdeferred compensation and
worker effort levels using experimental evidencee Wveate a simple three-period model
in which deferred compensation and positive woeért is a socially optimal outcome.
The model captures several of the important equilib features of the Lazear model:
namely, assuming that firms are able to commit &gevoffers in advance there will be
underpayment of young workers, overpayment of obdkers, higher worker effort than

!Deferred compensation contracts have also been rstowreduce quits and attract future-minded
employees (Salop and Salop (1976)). We do not aedhese properties in this paper.



in a spot labor market, and mandatory retiremerd.t¥gt whether deferred compensation
and positive worker effort actually emerge undeifedent rules concerning contract

enforceability and worker information about firmmevious behavior. To the best of our
knowledge, our study is the first to provide expemtal evidence on the intertemporal
allocation of wages.

The basic structure of the experiment is as folldwshe first stage the firm player
makes a wage offer for the three stages. In ost fieatment (henceforth referred to as
the Full Commitment Treatment, FCT) this offer isding for all three stages. Upon
receiving the wage offer, the worker player decitteslevel of effort to supply. If they
supply low effort, the round ends with some probigbiif they supply medium or high
effort, the round continues to the second stage.Wdrker faces the same decision again
in the second stage. The third stage correspondstitement, and, if it is reached, the
firm player gives the worker player the pensionnpised at the start of the first stage. We
have two additional treatments in which the firmy@r makes an initial wage offer that
is only binding for the current stage. In thesatiments the firm player makes a non-
binding wage promise for future stages in additiorthe binding offer for the current
stage. At the beginning of the next stage (if itaached) the firm player makes a new
wage offer that is again binding for only one stagd (for the second stage) a new wage
promise for future stages. In the second treatrff@riceforth referred to as the Repeated
Game Treatment, RGT), the worker player observesistory of the firm player's wage
promises and offers in previous rounds and canfdgbey have previously reneged on
promised wages. The third treatment (henceforterrefl to as the No Commitment
Treatment, NCT) the wage offer beyond the curréagesis non-binding and, unlike the
RGT, the worker player has no information on tienfplayer’s history.

The experiment is designed such that higher effmteases productivity but has
costs for the worker player. We ran the experimeiitis random matching of worker and
firm players over 20 rounds in order to provide agppnities for learning while
essentially keeping the strategic incentives ofdhe-shot game (FCT and NCT). In the
FCT firms pay positive wages and workers supplgrefh equilibrium. In the NCT firms
pay zero wages and workers do not supply effoeguilibrium. The RGT is included to
test whether in a (finitely) repeated game repotattan essentially replicate a binding
contract.

Another issue that we examine in this paper isirtifgortance of fairness and gift-
giving to the supply of effort. There exists a katgerature that argues that gift-exchange
may be as important as incentives to the suppéffoft. Akerlof (1982) argues that labor
contracts often contain partial gift exchanges whgremployers give workers above-
market wages and workers give back effort gredtian twhat is necessary to avoid
dismissal. There is also considerable experimeataience that considerations of
fairness and reciprocity induce subjects to deviaben equilibrium predictions. For
example, Fehr, Kirchsteiger, and Riedl (1993, 139w that workers respond to higher
wages with choosing higher effort levels, even wtiey would maximize their income
by choosing low efforts regardless of the wagesTarm of gift exchange makes both,



firm and worker, better off than they would be gu#ibrium.? Falk and Gachter (2002)
show that the effect of reciprocity is reinforcedl iepeated-game settings, further
increasing efficiency. The presence of reciproddyrness and gift exchange also affects
the optimal design of contracts. Fehr, Klein, actirSidt (2001) show, for example, that
contracts that would be optimal if all agents weeHish can be rather bad for the firm if
some workers are fair-minded.

Similar to previous studies, our experiment incogpes fairness considerations by
allowing firm players to provide above-optimal coemgation and worker players to
supply above-optimal effort at each decision pdd#pending on the treatment and the
wage offer, the worker player may also be ableutgpl/ below-optimal effort. We test
for the importance of fairness to worker behavising three strategies. First, we look for
evidence of gift exchange by examining whether abaptimal effort is a response to
above-optimal wage offers. Second, we run a fotrgatment, which is identical to the
FCT except that the role of the firm is played bgomputer (henceforth Computer Firm
Treatment, CFT). We assume that subjects do ndt teigive gifts to the computer, thus
if worker players’ behavior is the same in the tweatments we conclude that actions off
the equilibrium path are due to genuine mistak#serahan gift giving. However, we do
find that worker players react more generously éaegous wage offers from humans
than from computers. Third, in the NCT and RGT wamine whether worker players
respond to wage offers in the current stage, elveangh these have no theoretical effects
on incentives, and whether firm players adjustrtiv@ige offers to worker players actions
in previous stages.

The remainder of the paper is organized as follolwse first section outlines a
simple three-period model which captures the ekdef#tatures of Lazear's deferred
compensation model. The second section descrileslébign of our experiment. The
third section presents the results from the expammThe fourth section concludes. It is
shown that subjects behave largely in accordandk thie predictions of the Lazear
model. In the FCT, subjects supplied consideralgjdr levels of effort when offered
deferred compensation than when compensation was-lsaded. With repeated play,
this is learned by firm players who pay ever inemeg shares of the total wage in the last
period. In the NCT, firm players repeatedly renegedpromised wage offers. Worker
players learn this over time and refused to supfityrt. After several rounds the subjects
behaved close to the theoretical equilibrium obagages and low effort. The outcomes
of the RGT fall in between those of the FCT and N®T&ny firm players made positive
wage offers in the second and third stages of #maeg and worker players supplied
higher effort when matched with a firm player whadta history of high wage payments.

In all, the Lazear model explains subjects’ behaworprisingly well. We say
surprisingly since in many experiments of similasmplexity orthodox theoretical
predictions fail miserably, notably in the abovéedi experiments on one-period labor

2 However, in a competitive labour market gift exeja causes involuntary unemployment which makes
some players (the unemployed) actually worse afé 8lso Fehr and Falk (1999) who show that firms do
not accept offers from unemployed workers to wark [€ss since they rightly fear that this destrthes
benefits of reciprocal gift exchange. This givesgrio wage rigidities.



contracts. Combining this direct experimental enwiewith the indirect field evidence,
we conclude that indeed what looks like deferredhpensation in the field might
actually be deferred compensation as modeled bgdrdzZNevertheless, we also find
some evidence for gift exchange. Worker playersemsed their effort levels in response
to some wage offers with no theoretical incentiffects during the FCT, but not to the
same offers during the CFT. But the magnitude @dreincreases in response to wage
offers off the equilibrium path is far smaller thartentive-induced effort increases. In
the NCT and RGT we find stronger evidence of giitlenge. Worker players respond
strongly to wage offers in the current stage, eébeugh these have no incentive effects.
In turn, firm players increased their wage offedsew worker players supplied effort in
previous stages.

|. The Model

Figure 1 shows a deferred compensation contraca tompetitive labor market, the
contract offers lifetime wages that are equal inpresent value to lifetime productivity;
however, wages are less than productivity priofTtoand greater than productivity
thereaftef: These contracts need two additional featuresdwigee optimal incentives. In
order for lifetime wages to be no greater thartifife productivity, the worker must retire
at or before T**. At the start of the contract thwrker is indifferent to the wage
payments shown with retirement at T** and a cortratth wage equal to MRP.
However, since the wage is greater than the waskeslue of leisure at T** he will
continue working, unless the contract contains adatory retirement provision. It is
also necessary to have provisions that make disini$lder workers difficult in order
to prevent firms from reneging on the implicit c@dt and dismissing the worker at T*.
Lazear offers two mechanisms for this purpose:lkedanding contracts such as “last
hired, first fired” and informal means that depemdmaintaining an honest reputation in
order to recruit workers in the future.

Our experiments use a discretized version of Laeantinuous time model with
three periods reflecting the phases before T*, betwT* and T**, and after T**
(henceforth referred to as young worker — stageld,worker — stage 2, and retired
worker — stage 3).

At the start of each round firm players have toidie@bout wages for the first two
stages and about a pension for the third

3 Conversely, negative experimental evidence wowdehsuggested that the indirect field evidence is
spurious. In many ways our experiment gives therthés best shot so that it would have seemed tiolub
whether something that it fails in our environmeat work in much more complex real-life situations.
“The competitive labor market assumption is not ss@gy to capture the main points of Lazear modet. O
model does not assume competitive labor marketsjrarquilibrium lifetime wages are less than lifet
productivity. One consequence of assuming a nonpetitive labor market is that our experiments do no
have an obvious focal point whereby the subjedtstbe earnings for the round.



(W1, Wa, W) ORZ,.

We initially assume that these offers are bindiog &ll three stages. Worker
players then have to decide their effort leveltagses 1 and 2, with each choice modeled
as a triple decision (low, medium, high). High effieads to output Zwhich is assumed
to be greater than the output under medium effoy, and, likewise, output under
medium effort is greater than output under low ef#, such that

n>2u> 7.
We assume that there is an increasing cost oftefioi.e.
Chi>Cu>C

where H, M, and L again indicate the effort choitlkis holds in both stages. If (and only
if) low effort is detected, the worker is eitheckad (after stage 1) or loses his pension
(after stage 2). For the sake of simplicity, théedigon probability is exogenously
determined to b@. We assume that the firm can make a full commitnmex to renege
and dismiss a worker who has supplied medium dr &ftprt.

This game can be solved through backward inductidme equilibrium is as
follows. First, note that in a one-shot game ibfisthe equilibrium path for the worker
ever to supply high effort, even if that is theiatlg optimal outcome, because the cost to
the worker is increasing in effort level and hergatrbe dismissed for supplying medium
effort.> The subgame perfect equilibrium solution is fobiycbbserving that if:

(Zw—-Cw) > (4. - Q)

the joint surplus is higher if the worker supplieedium effort in both periods than if he
supplies low effort. Thus the firm will be willing compensate the worker for the cost of
extra effort. Analyzing the worker’s second peratice of whether to supply medium
effort, we find he does so whenever:

1) (1-p)¥-G <Ws-Cy

His first period choice depends on what he exptrio in the second period. If
condition (1) is fulfilled, i.e. that the pensiansufficiently high to deter low effort in the
second period, then medium effort in stage 1 paygit

(2 (1-p) W+ Wz-GCy) -G <W2+W3-2G,

Profit maximization implies that YWand W are chosen such that (1) and (2) hold with
equality. Notice that there is no restriction o, Which does not influence the worker’s

® The is consistent with Lazear (2000) who argues finms need to use additional mechanisms (such as
promotion tournaments) to motivate workers to syggfort above a threshold level.



behavior and can be viewed as a windfall or gifid ¢hus is zero in equilibrium. From
(1) we obtain the equilibrium pension:

W3 = (Gu— Q)/p.
Substituting this in (2) we obtain:
W2 = C|\/|

Thus, the equilibrium prediction is that firms wiiffer the wage profife (0, G4, (Cv —

CL)/p); workers will supply effort levels (MEDIUM, MBIUM); and net productivity
will be (Zy — Gu, Zw — Gu, 0). The resulting payoffs over the three stages(aGy, O,

(Cw— Q)/p) for the worker and (&, Zvw — Gu, — (Gu— C)/p) for the firm.

Now consider the case where the firm can not connm@tdvance to its wage offer and
only decides on the wage at the start of each stagi@ing by backward induction, in
stage 3 the firm always chooses¥W), as the worker no longer produces any outpug. Th
worker anticipates this and therefore chooses pplguow effort in stage 2. The firm
anticipates this and thus understands that they ncd motivate effort in stage 2.
Therefore they offer the worker 30, and similarly for stage 1. Thus the equilibrium
prediction is that the firm will offer the wage fite (0, 0, 0); workers will supply effort
levels (LOW, LOW), and net productivity will be (ZC., p(Z—C.), 0). The resulting
payoffs over the three stages are (—&C , 0) for the worker and (ZC., p(4—-C.), 0)
for the firm. Because the firm cannot commit to offers, the end result is the pareto
inferior low wage, low effort equilibrium.

Il. Experimental Design

We ran four treatments in our experiment to distisly between optimal responses to
incentives, gift exchange, and genuine mistakeshénfirst three treatments (henceforth
referred to as the Full Commitment Treatment (FCNp Commitment Treatment
(NCT), and Repeated Game Treatment (RGT)) ten sishj workers and 5 firms)
participated in each session. Subjects were askigre role of firm or worker at the
beginning of the experiment and kept their roleotighout the session. Each session
consisted of 20 rounds, with random matching of kes and firms in order to
approximate a one-shot game in each round. Theriexpat was programmed and
conducted with the software z-Tree (Fischbache®9)9 We ran 6 sessions of the FCT,
NCT, and RGT, thus there are observations for 3tkaroplayers and 30 firm players
over 20 rounds. The subjects were students at Réghdbway and UCL, University of
London. Sessions lasted approximately 100 minufes. mean earnings were £20.20,

®Note that in the model the worker has a zero distoate and thus their effort in stage 1 will resgpdhe
same way to payments in stage 2 or stage 3. Tleusgtilibrium can be characterized as (0, X, Y) nghe
0<X<Cy and Y=(G,—C)/p+(Gy—X). In the presence of some small discount rabe, équilibrium
described above is unique.



£22.77 and £21.32 for firm players in the FCT, N@iid RGT, respectively and £21.30,
16.89, 19.09 for worker players (including a £4whap fee).

The parameters of the model were set as follows:06, G = 0, Gy = 20, G4 =
40, Z =50, 4, = 100, % = 140. Wage offers could range between 0 and £28e The
firm player earns (&w = 50) in the second stage if the game ends duha first stage.
Thus in the FCT the worker players’ optimal stragegre:

Stage 1: Effort = MEDIUM if W > 40 or (W, + W3) > 60;
Effort = LOW otherwise

Stage 2: Effort = MEDIUM if W > 40;
Effort = LOW otherwise

In the NCT the worker payers’ optimal strategies: &tage 1: Effort = LOW, Stage 2:
Effort = LOW. In the RGT the worker players’ optihgtrategy depend on their beliefs
about the veracity of the firm players’ wage pragis

In order to distinguish between simple mistakesvbyker players and gift giving,
we ran a fourth treatment in which 30 worker playeteracted with a computer firm
player (henceforth referred to as the Computer Hirgatment (CFT)). In order to make
the comparison between the CFT and FCT as straigvdafd as possible we took the
values for W, W5, and W in the CFT from the actually chosen ones in th& HEG other
words, the computer was programmed with 30 strase@ased on the wage offers
received over 20 rounds by each of the worker piaiyethe FCT.

A complete set of instructions given to subjectsha FCT is presented in the
Appendix to this papét.

[1l. Results
[11.1 Workers

Let us first focus on the behavior of worker playeWwe examine effort levels
across the different treatments, to determine riiy@rtance of the initial rules for social
surplus. Our analysis of effort focuses on the mixte which worker players supplied
optimal effort, given the wage offers in the FCTdaNCT. We also examine the
determinants of suboptimal effort levels and tHeatfof wage offers in the current stage
on effort levels to distinguish between genuinetakiss and gift giving.. Finally we
examine the importance of firm players wage offarprevious rounds in the RGT. The

"It is not possible for the Computer Treatment tecisely replicate the Human Treatment because the
manner in which each round proceeds depends omdtiens of the worker player and the coin toss.
However, given the same actions by the worker ptaged the same coin toss outcomes, the payoffs wil
be the identical in the two treatments.

8 Instructions for the other treatments are avadlaisi request from the authors.



evidence shows that subjects typically suppliedohtemal effort (given the wage offers),
thus contract design has a strong influence ontdéwels.

We begin with some descriptive statistics on workehavior across the four
treatments. We examine behavior in rounds 6-18yaer to allow subjects time to learn
the game, eliminate any last-period effects, armligna reasonable sample Sidable 1
shows the percentage of worker player playing lmedium, and high and the resulting
average social surplus generated in both stagédsedbur treatments. There are several
observations that can be made from the table., kirsgach treatment effort is higher in
the first stage than the second stage. This iscpéatly true for the NCT. Second, the
underlying rules regarding commit appear to havestntial effects on the efficiency of
outcomes. Subjects exerted considerably more effothe FCT than in the RGT and
slightly more in the RGT than the NCT. Third, sultgeexerted more effort in the CFT
than in the FCT, even thought the rules and theevedfprs were the same. This possibly
suggests that fairness considerations matter, hatdwworker players were punishing
human firm players for what they perceived to b&aunwage offers.

The results from table 1 address the social effiyeof subject behavior, not the
optimality of worker player actions, given wageesf. In the FCT, CFT, and NCT
subjects supplied optimal effort levels 71.5, 73a@md 73.5 percent of the time,
respectively’ In the FCT and CFT, subjects acted optimally thajonity of the time
regardless of whether the optimal action was lownedium. In the FCT cases where the
optimal action was low and medium respectively, keorplayers played optimally 77.3
and 63.9 percent of the time. In the CFT, the ayale figures are 70.3 percent and 77.8
percent. This evidence provides strong supportheprediction of the Lazear model that
deferred compensation can be used to elicit ineckasffort. A breakdown of the
optimality of effort supplied in FCT, CFT, and NA3$ shown in Figure 2. There is
considerable similarity between the treatments. WA data pooled across rounds for a
Pearsony? test of the similarity of the distribution of irffisient, correct, and excess
effort levels of effort in the FCT and CFT. We mjeat a 5 percent leve({ = 12.75), the
null hypothesis that the distributions are the sdorestage 1 and accept the null
hypothesis that the distributions are the sametimge 2 %* = 2.57)™ Another similarity
is that in each treatment there are learning effethe proportion providing optimal
effort increases over time, particularly during tearly rounds. Moreover, in all
treatments, a higher proportion of players suppbedess effort than deficient effort.

® Subjects’ behavior changed dramatically duringfitet few rounds in each treatment. The averaggewa
offers and effort levels were considerably highariry the first 5 rounds than the remainder ofgéssion.
After the first five rounds, the choice of of whicbunds to include in the analysis is somewhattiamnty,
and the qualitative results do not depend on whetleetake the last two thirds or the last half ay a
similar subset.
% We ignore the RGT in our discussion of optimabifyeffort. Since there is finite repetition in tR&T,
the theoretical outcome is the same as in the Nddwever, in previous experiments finite repetition
consistently produces similar results to repeatatdas with probabilistic ending [reference Steffé&v??.
Thus we treat the RGT as having theoretically anonitg outcomes and

HThis test assumes independence of observationsjsthia say no interdependency of subjects’
behavior across rounds. When the Peayédest is done on a round-by-round basis, we camajett the
similarity of the two distributions at a 5 percédetel in any round of stage 1 and only reject iaat0
percent level in 3 rounds. We do not reject thé mgpothesis at a 10 percent level for any rounstage 2.



This is trivially true for the NCT (in which the bpwum effort is always low), but also for
the FCT and CFT, particularly during the secondesta

The summary statistics above raise several impogaestions about the behavior
of worker player, including: Are the differencestween the FCT and NCT due to
differences in incentive properties of the wagesdfcaused by different institutional
settings? To what extent can the differences betwiee RGT and NCT be explained by
worker players’ responses to the firm players’ tapans (based on previous behavior)?
To what extent are deviations from optimal outcomes to fairness considerations? To
examine these questions, we further analyze wdrkavior using a series of regressions
on worker players’ actions in the first and secstafes of the four treatments. We use
two sets of dependent variables in the analysst, IACTION, and ACTION (0 = low, 1
= medium, 2 = high), and, second, TOO LQWOO LOW,, TOO HIGH, and TOO
HIGH, (1 = effort is suboptimally low or high in the dir or second stage, and 0O
otherwise). As with the previous analysis, we us&drom rounds 6-19.

The first set of regressions examines the detemtsnaf ACTION, and ACTION
estimated using multinomial lodif. To provide sensitivity analysis for our resultse w
report two specifications for the FCT, CFT, and N@&fd four specifications for the
RGT. The first specification is parsimonious, usordy the wage offers (W, Wi, and
W33 in the FCT and CFT and W W»,, and W3 in the NCT and RGT) and non-binding
wage promises (WY, Wi3, and W3 in the NCT and RGT) as explanatory variables.

The second specification adds variables that capthe effect of subjects’
understanding of the experiment and subjects’ pedscharacteristics. The measures of
understanding are ROUND - the number of timestti@tsubject has played the game, a
measure of learning by doing; and TEST SCORE -stloee that the subject attained on
a pre-experimental quiZ.If players intended to maximize their earnings.(behave in
accordance with the Lazear model), but made mistakeheir calculations, one would
expect that more knowledgeable players would be lg=ly to play high, thus the
coefficients on both ROUND and TEST SCORE woulchbgative in the regression for
ACTION = high. As medium effort may be either antiofal or suboptimal action,
depending on the wage offer, we do not have aror pripectations for the sign of these
coefficients in the regression for ACTION = mediuffhe regression controls for
personal characteristics (obtained from a post#@xgatal questionnaire are SEX, AGE,
STUDY YEAR (undergraduate =1, 2, 3; masters = £ RIb, 6, 7), ECONOMICS (1 if

?Because each subject plays 20 rounds there isemtexp measurement problem, with the consequence
that standard methods will underestimate the vaeaof the coefficient. To accommodate repeated
measurement, we ran the multinomial logit regressidustering on individual subjects. See WhiteB()9

for detalils.

¥Subjects took a quiz with 13 questions based onirthuctions shown in the Appendix prior to the
experiment commencing. Their computer screen inelicancorrect answers and subjects were required to
resubmit answers to these questions. The experimiehinot begin until each subject had correctly
answered each of the questions. The variable TESDRE reflects the number of correct answers on the
first time the subject submitted the quiz. The dsiavailable from the authors upon request.
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majoring in economics), and session dummies. Wealdave strong prior expectations
on the signs of the coefficients on these variables

The additional specifications for the RGT capture importance of reputation in
the repeated game framework. We include varialllesvmg the average of actual wage
offers made in previous rounds (AVERAGEAVERAGE,,;, and AVERAGEs3;), which
were available to the worker players at the timey thad to decide on effort levéfswe
ran one additional specification including just tivage variables and the reputation
variables and a second which also includes the@ordriables.

Our main interest is in the wage variables, andih@ case of the RGT, the
reputation variables. In the FCT and CFT the Lameadel predicts that Wwill have no
effect on effort and that Wand W will have an equal positive effect on first period
effort levels. The model also predicts that only Will have a positive effect on second
period effort levels. High effort is always off tlequilibrium path (as is medium effort in
the NCT) and thus wages offers should have no tetfiecthe probability that effort is
high (or medium in the NCT). The Lazear model gisedicts that workers will supply
more effort if firms have a reputation for treatiolgler and retired workers well. Thus the
coefficients on the reputation variables for latages of the game are predicted to be
positive (e.g. a worker player is likely to supphpre effort in stage 1 if the firm player
has a history of making good wage offers in st&y@sd 3). The gift exchange model
implies that worker players will consider the ovkfairness of the wage offers and will
supply effort in response to high wage offers, ewdren it is off the equilibrium path.
For example,a worker player concerned with fairmeag supply effort in the first period
in response to a high first period wage.

The regression results for the first and secongestare shown in Tables 2 and 3,
respectively. Overall the regressions have conalderexplanatory power, with each
specification being significant at a .01 percenkele The regressions generally confirm
the predictions of the Lazear model. In the FCT @&kl the wage offers for future
periods have the expected incentive effects. I epecification W, and W3 have a
positive, statistically significant influence onetlprobability that subjects play medium
effort in the first period; and Y¥ has a positive, statistically significant influenon the
probability that subjects play medium in the sec@ediod. The magnitudes of these
effects are large. We have calculated the prohegsilthat a worker player plays low,
medium, or high in the FCT and CFT given severgldtlyetical values of W, W12, Wi3
using the parsimonious specifications in Tablesnd 2. The estimated probability of
making the optimal decision is well over 50 percemntmost values of W W,, and W,
though there is a slight bias to playing low. le tdCT and RGT the non-binding wage
promises for future periods have little effect dfoet. In a couple of specifications the
coefficients on non-binding wage promises are S$icamt; however, the sign is
sometimes negative and the the size of the coeffisiis small in every regression. We

*We have run the regressions using other reputatidables including the proportion of previous mda

in which nonbinding wage promises were equal toenafflers, the average difference between nonbinding
promises and offers in previous rounds, and variotesactions of the reputation variables and nimaling
promises. The qualitative results are siilar testhpresented in the paper.
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conclude that non-binding wage promises were redt&d as being credible and that
worker players expected the firm players to renege.

A second important result concerns the effectdefreputation variables. Worker
players supplied more effort when matched with fptayers who had a history of higher
wage payments in the later stages of the gamehdnpbst-experiment questionnaire,
several of the worker players noted that they awrsd this. In stage 1, worker players
increased their effort in response to increasakeanfirm player's average stage 2 wage
offers in previous rounds. Similarly in stage 2 ker players increased their effort in
response to increases in the firm player’'s avestage 3 wage offers in previous rounds.

The coefficients on the knowledge variables aneegaly in accordance with the
view that subjects intended to maximize earningsviere computationally limitetf. In
the specifications with additional controls TESTGRE (and sometimes ROUND) has a
significantly negative effect on the probabilityaththe subject supplied high effort,
suggesting that the relatively infrequent exampliekigh effort were typically mistakes
made by players with limited understanding of tlaeng. In the regressions for stage 1
the coefficient on AVERAGEPAY22 is larger than thet AVERAGEPAY33, even
though wage payments in both future periods shbake the same incentive effects on
effort. This further suggests bounded rationality.

The results also provide some evidence for gifharge. We focus on two types of
responses as gifts: first, increased effort to waftgrs in the current period and, second,
high levels of effort. In both cases the behavepif the equilibrium path; in the first
case, because current period offers have no ineeefifects and, in the second case,
because high effort is always strictly dominatednigdium effort. Current period wage
offers (stage 1: W) and stage 2: Wy in the FCT and CFT and 3/in the NCT and RGT)
have a positive, statistically significant influenon effort levels in the FCT, NCT, and
RGT, but not the CFT. In the RGT and NCT only wadffers in the current period have
an effect on effort. This behavior can be interpdets gift-exchange whereby worker
players supply higher than equilibrium effort irspense to having received an above
equilibrium wage offer. It can also be interpretad a mistake due to limited
understanding of the game. The contrast betweemegonse to current period wage
offers in the FCT and CFT provides strong evidetizd this behavior at least partly
reflects gift exchange. In all regression specifmes for the FCT W, has a positive,
statistically significant influence on subject effon the first period and W has a
positive, statistically significant influence onbgect effort in the second period, whereas
in the CFT these coefficients are small and stedify insignificant. Though this is
consistent with gift exchange (as we assume tlegteps would only wish to be generous

*Anecdotally, this coincides with evidence from thest-experimental questionnaires. A few subjects
indicated that they did not completely understand game initially and improved their performance
through trial and error. Another more formal te§tbounded rationality is to look at the relatiorshi
between whether a subject played optimally in ttet §tage of a round and whether they played adlym

in the second stage. We have run a logistic reignesnd find that playing optimally in the firstagte
increases the probability of playing optimally hretsecond stage by about 70 percent. This is tgtatig
significant at a 5 percent level and is robusthe inclusion of control variables (WW,, Ws, TEST
SCORE, ROUND).
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to other players and not to a computer), the efiegponse to current period wage offers
is of considerably smaller magnitude than the respao future period offers (which
effect incentives). For example, using the parsimas specification of the FCT to
calculate the predicted effort levels of Workeryglis shows that the estimated effort
supplied in response to (20, 0, 0) is virtuallyntdeally to that supplied in response to (O,
0, 0) and similarly with (20, 20, 40) and (0, 20)4Notice also that our results indicate
that the intertemporal allocation of wages mattersgift exchange. It is not the entire
rent left to the worker that triggers workers’ gessity but specifically the first-period
wage where it is, from a theoretical viewpoint, enégously clear that non-zero offers
are qifts.

The second source of evidence on gift giving cofma® workers supplying high
effort, which is always off the equilibrium path.osistent with a model of gift
exchange, in each treatment higher wage offereasad the probability of high effort.
However, the results also suggest that high eff@$ more likely to be due to subject
error than to due to subjects’ errors than to &smconsideration. As shown in Table 1,
high effort occurred relatively rarely after thestifew rounds. Moreover, Tables 2 and 3
show that the subjects with a good understandinth@fgame (i.e. those getting quiz
scores of 11 or higher) almost never played highardless of the wage offer.

To further test whether actions off the equilibriypath were mistakes or gift
giving, we have run a series of logit regressiomshe determinants of suboptimal effort.
The dependent variables are TOO LOW (1 if effofbw, optimal effort = medium) and
TOO HIGH (1 if effort = high or effort = medium, obmal effort = low). of the
independent variables in the regressions are tige wffers, TEST SCORE, ROUND,
and personal characteristi®We interpret positive coefficients on the wageetsfin the
regressions on TOO HIGH as evidence of gift exckamghereas we interpret positive
coefficients on TEST SCORE and ROUND as evidencemgdtakes. As with the
regressions on worker player actions, we also coenihe results for the FCT and CFT to
determine whether effort responses to wage offexrg atso be a consequence of subject
mistakes.

The regression results are presented in Tabledl 4 &ior stage 1 and stage 2 of the
experiment). There is some evidence of gift exckaingthe tables. The coefficient on
current stage wage offer in the regression on TAGHHIs significantly positive in the
FCT, but insignificant in the CFT. The coefficieom current stage wage offer has an
even stronger effect on the probability that thbject supplies too much effort in the
NCT. This is broadly consistent with the findingsdehr, Kirchsteiger, and Riedl, who in
a one stage set-up find that subjects engage wenfmiceable cooperation to bring about
socially superior outcomes. However, the much smalbefficients in the FCT along
with the importance of future wages shown in tal@lesd 4, suggests that gift exchange
may play a much smaller role when it is possiblevtibe legally enforcing contracts over
multiple periods.

%We also ran the regressions with ROUND and TEST BE®ut without personal characteristics. The
results were very similar to those of the regrassiwith personal characteristics and are thus emwdrted
in this paper.
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A couple of other results from tables 4 and 5 méuither discussion. The
coefficients on the future period wage variables significantly negative in many of the
specifications in both stages of the CFT and F@Tithe CFT high future wages reduce
the probability that a worker player supplite® much effort as well as too little. One
possible interpretation of this result is that whaarticularly high wage offers came
through, subjects may have thought more carefuigua their actions and thus been
more likely to make a theoretically optimal decisioThere is further evidence of
intended earnings maximization coupled with evideot bounded rationality from the
knowledge variables. In addition, in most spectfmas there is a significantly negative
coefficient on TEST SCORE or (less frequently) RaRJNhdicating that subjects with a
better understanding of the game were less likefyrovide suboptimal effort levels.

This finding suggests that there is at least soroekev heterogeneity and, thus, we
conclude this section by briefly examining how wendk differ in their behavior. For each
subject we compute how often, on average, they sthaptimal effort given the wage
offers. Figure 3 plots the distribution over theg#imality rates across subjects in the
FCT, CFT and NCT. In each treatment between 67%nrar@5% of all worker subjects
choose optimally in at least two thirds of all thehoices. The median behavior is
76.5%, 82.2%, and 80.4 % of optimal effort choidesthe FCT, NCT, and CFT,
respectively. In each treatment there is a smalhonty of worker subjects who
systematically fail to optimize. We can test whetkéferences in average behavior
across subjects were due to differences in thel lefvenderstanding of the game, by
running a regression of %OPTIMAL on TEST SCORE (armghtment controls). The
results, which strongly support the principle thatunded rationality influenced off-
equilibrium behavior are shown below (t-statistitparentheses):

%OPTIMAL = 38.00 + 3.48TESTSCORE 2R140 Root MSE=18.66
(3.66) (3.67)

We summarize our findings for worker players in fibkowing:

Result 1 Despite some heterogeneity, worker player behavior is predicted extremely well
by the Lazear model. Subjects respond extremely well to the monetary incentives
provided. Thereis very strong evidence that worker playersincrease their supply of effort
in response to binding higher future period wage offers. There is little evidence that
worker players increase their supply of effort in response to non-binding higher future
period wage promises. There is also evidence that with repeated play worker players
supply higher effort if the firm player has a history of making high wage offersto older or
retired workers . Thereis, however, also evidence for gift giving. When playing against
human firm players, worker players provide higher effort when offered higher wages,
even when the wage offers have no equilibrium effect on effort. Finally, we find evidence
for bounded rationality.There is considerable subject heterogeneity and worker players
were more likely to play optimally if they had a good understanding of the rules of the
game.
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[11.2 Firms

The behavior of firm players is more complex. Ualikhe worker players whose
decisions map directly into payoffs, the firm ples/enust anticipate the worker players’
response to their wage offer. To the extent thakemwplayers’ actual strategies deviate
from equilibrium and these deviations change oiraet firm players must also update
their offers.

The expected payoff to the firm player can be dated under the assumptions that
1) worker players always provide the equilibriunsgense to their wage offer and 2)
worker players respond probabilistically in the manestimated from tables 2 and 3,
parsimonious specifications. Under equilibrium wesge, the firm player’'s expected
payoff is (W, W,, and W denote actual wage offers):

200 - W - W,- W3 if (W,+WS3) > 60 and W > 40
150 - W - Wo- pW;3  if W, > 40 and W< 40
100 - W - pWs— PW3  otherwise

Under probabilistic response, the firm player'sectpd payoff is (we denote e=0 if the
round ends prior to a stage being reached):

> m,Z, -Wp,  wheree=0,L M H;t=1,2 3> 7 W =50; p, isthe

et Y t=2,3,e=0 ‘
probability that the round has ended given the eoglayer’s effort in previous roundandne ;IS the
probability that the worker player chooses effortinestage t, estimated using the
regression coefficients from Tables 2 and 3, pawsious specifications.

We calculate the expected payoffs for all posstiebinations of W, W, and W

in the FCT and CFT, using the probabilities estedarom tables 2 and 3. As might be
expected from what we have seen in the previousesion on workers that the optimal
strategy in both treatments is to offer deferrethgensation. The firm players' optimal
strategy in the FCT is (0, 24, 49) approximatelyp2scent over one of the equilibrium
wage offers, (0, 20, 40). In the CFT it is (0, 8),5very close to one of the theoretical
solutions, (0, 0, 60). The expected payoffs are 4@ the FCT and 129.38 in the CFT.
In practice, offering the equilibrium wage offers (0, 20, 40) or (O, 0, 60) is close to
optimal. In each treatment, using either round$) Io2 rounds 13-20, both equilibrium
strategies yield an expected payoff of at leasp&&ent of the optimum. These figures
provide further evidence that the Lazear model @mesxcellent job of predicting worker
behavior. However, we also see once again thag ikex small yet poignant effect of gift
exchange. In the FCT optimal wage offers areve the theoretical solution, but not so in
the CFT.

Figure 4, shows the average total offer made Iy fifayers over 20 rounds and the
percentage of the offer made in stages 1 andcanltbe seen from this figure that there is
considerable learning by firm players over the seuf the experiment. Firm players in
all three treatments offered wages well above thalibrium level in the early rounds

15



and reduced their total offers sharply over thersewf the game. Figure 5 shows the
expected payoff of the firm players over each roumthe FCT, given that the worker
player responded either optimally in accordancehwihe theoretical model or
probabilistically as described above. It is eviddrdt there was considerable learning
over the course of the experiment, resulting inearrmonotonic increase in expected
payoff. In addition, Figure 4 shows that the dimition of offers across stages changed
over the experiment, particularly in the FCT, whesabjects learned to defer
compensation. In the FCT the stage 1 wage offerageel 34.3 in rounds 1-5, but only
13.7 in rounds 14-19. Over half of the firm playé$.1 percent) made zero wage offers
(the theoretical equilibrium) in rounds 14-19, cargd to only 12 percent in the first 5
rounds.

It is also evident from the figure that there aé differences in the firm players’
strategies across treatments. These differencescamsistent with the theoretical
predictions of the model, namely that total payudtide higher in the FCT than in the
NCT and that compensation should be deferred ifF@€, but not the NCT’ From the
first panel of Figure 4 it can be seen that thaltoffer is highest in the FCT and lowest
in the NCT. The gaps between the treatments arly famall; however, this largely
reflects sample selection bias, as we only havergbtons for the NCT and RGT when
the round proceeded to stage 3 (which was disptiopately in cases with high wage
offers). To correct for this bias, we consider ordyinds where both coin tosses were
heads, and thus the round proceeded to stage Rlieggmof the wage offers. Combining
stages 14-19, we observe that the average tota oifgr was 57.48, 37.32, and 23.02 in
the FCT, RGT, and NCT, respectively (this comparesigures of 59.97, 54.15, and
30.86 when we consider all rounds that proceedstatge 3).

We can use the second and third panels to compereextent of deferred
compensation across the three treatments. The Lazedel predicts that in the FCT
there will be a high share of total compensatiothathird stage and low (zero) share in
the first stage. The Lazear model predicts 0 totahpensation in the NCT, thus the
shares by stage are undefined. A model of gift argke predicts that compensation
should be offered early in the round so that theketoplayer has time to respond to gifts.
A key difference between the NCT and RGT in thispezt is that in the RGT worker
players in subsequent rounds can observe paymergtgage 3, and may supply more
effort as a result. The second and third paneBigiire 4 show outcomes in accordance
with these predictions. The share of compensatiothe first period is much lower and
the share in the third period is much higher inE@T than in the NCT. The RGT fall in
between the FCT and NCT for both stages.

We can also examine whether there are notewortffgreinces between firm
subjects. Figure 6 plots the distribution of tatalge offers during rounds 1-5 and rounds
14-19 of the experiment. The figure reveals sulistiheterogeneity. While the degree

"There are a finite number of stages in this treatrtieus the game-theoretic solution is the sarrie #se
NCT. However, previous experimental evidence haswshthat reputation-building matters in finitely
repeated games. Thus we expect an intermediaternatin the RGT, but we refrain from making further
predictions.
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of heterogeneity is much reduced in the latter dsuof each treatment, there emerges a
sharp distinction between two groups of firm playedne group of players attempts to
persuade the worker players to supply effort by imgkpositive wage offers, while
another basically decides to exit the game by wifef0,0,0). Offering zero wages comes
close to exit since it guarantees a minimum pawpdbttl per round, but it also very rarely
leads to higher profits. In the FCT the wage offarthose making positive offers cluster
around the theoretical equilibrium of 60, whergathe NCT and RGT the distribution is
fairly uniform. Not surprisingly (0, 0, 0) is farane common in the NCT, where it is the
theoretical equilibrium.

Firm players also differ substantially in how mucdhey learn to defer
compensation. Figures 7 and 8 plot the distributeer the shares of first- and final-
period wages — again both for the rounds 1-5 and94For both figures, we have
excluded all (0,0,0) wage offers since the sharesat defined in this case. Both figures
show considerable subject heterogeneity, even enldtter rounds of the experiment.
Both figures also show striking evidence of leagnim the FCT wage offers are much
more end-loaded in the later rounds. Initially lélsan 10% of subjects choose first-
period wages close to zero, but towards the ersdfitjure was over 40%. The figure also
shows that a tiny minority of firm subjects relies pure gift exchange by offering all
wages in the first period. In addition, by thedattounds a growing minority of subjects
paid the majority of their wage offer in the thislage. By contrast, in the NCT
compensation was heavily frontloaded even in thdy gaunds. By the latter rounds
virtually all subjects chose to pay nothing or vkitje in the third stage.

Finally, we examine gift giving by firm players the NCT and RGT by examining
the determinants of wage offers in stages 2 and@h@. independent variables in the
regressions are their wage promises and the wptager’'s effort level, both from earlier
stages of the same round. The regression reseltshawn in Table 6. The results show
that firm players ignored their prior promises witgtiding on actual wage offers, which
is consistent with the results shown in Tables & arthat the worker players did not
believe the promises. However, the most strikingultefrom Table 6 firm players
rewarded strongly worker effort in the previousgstain some specifications fully
offsetting the cost of their effort. This is corieigt with the findings of previous
experiments, showing that gift exchange leads ¢talgp improved outcomes. The results
also show that the response to effort in the RG3oimewhat higher than in the NCT.
One explanation for result is that in the RGT higivage offers enabled the firm player
to improve their reputation for future rounds adlwering a gift to a worker who had
supplied effort.

We summarize our findings for firm players in tiodwing:

Result 2 Firm player behavior is predicted reasonably well by the Lazear model.
However the model does not predict firm behavior as well as worker player behavior,
probably because of strategic uncertainties faced by firm players. In addition, there is
greater evidence of bounded rationality and subject heterogeneity. In early rounds
subjects offered excessively high wages. Few subjects deferred compensation, though
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wage offers in the NCT were more front-loaded than in the FCT. Over time subjectsin
all three treatments learned to reduce their wage offerings, and increased their
compensation as a result. Subjectsin the FCT drastically reduced their offers for the first
stage, and some subjects learned to defer compensation. By contrast, subjects in the NCT
made their offers even more frontloaded. As with the worker players, the strategies
played by the firm players in the RGT were in between the other two treatments. Finally,
we find strong evidence of gift giving by the firm players in the NCT and RGT. Firm
players responded to previous effort by the worker player with generous wage offers.

V. Conclusions

There exists a sizeable theoretical literature shgwhat deferred compensation can be
used by firms to elicit higher effort from their ployees. The effect of deferred
compensation on worker effort has thus far eludegigcal testing, as this sort of
compensation structure is most likely to be usatlig impossible to measure all of the
dimensions of short-term output and effort. Howeteere has been indirect evidence for
the relevance of deferred compensation. This psyggplements this indirect evidence by
examining by directly testing the relationship beén the time structure of wages and
worker effort in an experiment. It is the firstpeximent to investigate the role of the
intertemporal allocation of wages for incentiviziwgrkers.

The experiment begins with a firm player making age offer for the three
periods. In one treatment the wage offer is bindmgall three periods. In a second
treatment the firm player is allowed to changerthéfer at the start of each period. In a
third treatment the firm player is also allowedctrange their offer at the start of each
period, but the worker player observes the histoiythe firm payer’'s binding and
nonbinding wage offers. Upon receiving a bindinggeaffer, the worker player must
decide whether to supply low, medium, or high dfforthe first and second stage. If the
firm player is able to commit to its wage offeradvance, in equilibrium, it offers a wage
below marginal revenue product in the first peraodi above marginal revenue product
in the third period and the worker player suppké®rt levels above what they would
supply in a spot labor market in the first two pes. In the absence of commitment, in
equilibrium, the firm player pays zero wages arelworker player supplies low effort in
all three periods.

We find that the worker players play accordinghe equilibrium over 70 percent of the
time, thus it is possible for the firm player whe able to commit to wage offers in
advance to induce higher effort using deferred camsption. We then examine the
influence of gift exchange on the supply of effoffe analyze the determinants of
suboptimal effort levels in the full commitmentdtment and compare the results to an
identical treatment, except for the role of thenfibeing played by a computer. We find
some evidence of gift exchange. Worker players Iseghgomewhat more effort in the
treatment with human firm players than in the tresit with a computer firm player. In
particular, worker players were more likely to slyppoth high effort and above
equilibrium effort if they received the gift of agh wage in the first period from a human
than from a computer. However, we find that whemfplayers were able to commit to
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wage offers, the effects of incentives on workeioréfdominate the effects of gift
exchange. In the two treatments where firm playegse not able to commit to wage
offers in advance, we find a stronger role for g€kthange. Worker players responded to
high wage offers in the current period with incesheffort and firm players responded to
increased effort in the current period with higheage offers in the next period.
However, the amount of effort supplied (and thus $lcial surplus) was considerably
higher in the treatment where firms could commitwage offers and incentivise their
workers. We also find that the ability of firm pkxg to build a reputation for high wages
matters for social surplus. Worker players supphiggher effort when they could observe
that they paired with a firm player with a histarfyhigh wages in future stages. Finally,
we found considerable evidence of bounded ratitnaiind learning during the
experiment. Subjects with a better understandinthefexperiment (as measured by a
pre-experiment quiz) consistently made choices Wwhere closer to the equilibrium
strategy. In addition, subjects played closer ® ¢luilibrium after have played several
rounds of the experiment.

Our results strongly support the relevance of tetaporal wage allocation for worker
and, ultimately, firm performance.
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Figure 1
A Deferred Compensation Contract
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Figure 2 — Percent of Subjects Providing Optimal, do Much, and Too Little Effort Given W1, W», W3
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# of subjects

Figure 3
Distribution of Optimality Rates Across Subjects anl Treatments
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Figure 4
Wage offers by Round
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Figure 5
Average Expected Returns for Firm Players by Roundn the FCT

120

. N
ST

60 \/

b

S

Profit (pence)

40

20
—o— equilibrium response

—®— predicted response

10 11 12 13 14 15 16 17 18 19 20
Round

.
N
w
B
(6]
(o)
~
®
©

Note: Equilibrium response assumes that workerguiaglways behave in accordance with
the model described on pages 4-6. Predicted respassumes that workers behave

probabilistically as estimated in tables 1 and 2.

24



Total Offer

o

0.8

Figure 6
Wage offers by Round
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Figure 7

Distribution of Share of Wage offers in Stage 1, Rmnds 1-5 and Rounds 14-19
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Figure 8

Distribution of Share of Wage offers in Stage 3, Rinds 1-5 and Rounds 14-19
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Table 1
Distribution of Actions and Social Surplus in the 4Treatments

Stage Low Medium High Social N
Surplus
FCT 1 51.90 42.38 5.71 65.57 420
FCT 2 60.91 34.53 4.56 59.24 307
CFT 1 42.38 53.57 4.05 68.10 420
CFT 2 53.89 40.50 5.61 61.43 321
NCT 1 65.48 29.76 4.76 61.31 420
NCT 2 84.93 9.93 5.14 53.86 292
RGT 1 62.14 31.19 6.67 62.69 420
RGT 2 73.78 21.68 4.55 55.98 286

Notes: Actions expressed as a percent of obsengtiche social surplus in each stage is 50 if Lostage 2
is not reached, 80 if medium, 100 if high
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Table 2

Multinomial Logit Regressions on Player Y’s Actionsin Stage 1 Rounds 6-19

FCT CFT NCT RGT RGT
Wy .0141 .0059 .0484** .0357** .0409**
(1.59) (0.96) (4.30) (3.78) (3.18)
W, .0599** .0505** .0106** .0028 .0053
(6.19) (4.60) (2.87) (0.48) (0.83)
g W3 .0222** .0426** -.0062 .0028 -.0003
5 (3.54) (6.13) (1.62) (0.55) (0.08)
g Test Score -.0245 .0141 -.0335 -.0444 -.0177
I (0.38) (-0.16) (0.26) (0.43) (0.17)
= | X’s average W, -.0278
o (1.90)
5 X's average W, .0228
< (1.50)
X’'s average Ws .0121
(0.91)
Constant -4.200* -2.159 -2.026 -0.374 -0.4347
(2.26) (0.66) (1.24) (0.21) (0.23)
Wy .0286* .0097 1110** .0685** .0932**
(2.46) (0.82) (5.14) (4.58) (3.50)
W, .0538** .0217* -.0053 .0237 0174
(4.56) (2.07) (0.41) (1.94) (1.40)
W3 .0360** .0396** .0248 -.0216 -.0261*
_‘z___m (6.01) (2.86) (1.66) (1.51) (2.26)
f Test Score -.0099 -.9085** -1.5548* -.5734** -.5796**
= (0.08) (2.74) (2.37) (2.99) (2.58)
O | X's average W, -.0919**
[ (3.57)
2 X's average W, .0746**
(3.59)
X's average W; -.0031
(0.112)
Constant -12.586** 3.8229 4.651 0.6308 .3403
(3.18) (1.02) (0.70) (0.21) (0.112)
Observations 420 420 420 420 419
Pseudo R .2874 3211 .1364 .1825 2147
Notes: Absolute value of t-statistic in parentheses

ACTION; = low is the comparison group
* and ** indicate significance at the 5 and 1 pertdevel, respectively
The control variables are: SEX, AGE, YEAR, ECONOMIGnd ROUND.

To accommodate the repeated measurement of individibjects, the “robust
cluster” option was used. See footnote * for dstalil
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Table 3
Multinomial Logit Regressions on Player Y’s Actionsin Stage 2 Rounds 6-19

FCT CFT NCT RGT RGT
Wi -.0029 .0075 .0229* .0010 .0172
(0.44) (1.26) (2.45) (0.10) (1.36)
W, .0142 .0070 -.0054 -.0121 -.0054
(1.95) (0.98) (0.91) (1.57) (0.73)
W3 .0531** .0574** -.0227* .0119 .0037
(5.16) (5.51) (2.53) (1.41) (0.50)
g Wa, .0619** .0369** .0321**
5 (3.12) (3.05) (2.77)
g Wos .0101 .0033 .0097
I (1.20) (0.75) (1.87)
=' | Test Score -.0217 -.2165 -.9210 -.0373 .0004
) (0.73) (1.08) (3.33) (0.28) (0.00)
5 X’'s average W, -.0664
< (0.84)
X’'s average W, -.0068
(0.32)
X’'s average Ws .0472**
(2.85)
Constant -8.722** -.256 8.459 -0.7582 -2.647
(4.14) (0.08) (1.93) (0.37) (1.36)
W4 .0076 -.0160 -.0932** -.0100 -.0219
(0.52) (0.88) (4.59 (0.77) (1.24)
W, .0246* -.0073 .0183 -.0190 -.0031
(2.00) (0.48) (0.82) (1.03) (0.21)
W3 .0663** .0553** .0057 -.0041 -.0125
(4.61) (4.18) (0.37) (0.44) (1.44)
Wa, .1409** .0487** .0414*
S (3.36) (2.85) (2.21)
-ﬁ Wos -.0059 .0113 .0158**
= (0.49) (1.93) (2.68)
O | Test Score .275 -.9603** -3.445* -.0533 -.0000**
5 (1.45) (4.17) (3.84) (0.14) (0.00)
< | X's average W, .0303
(1.13)
X’'s average W, -.0223
(0.63)
X’'s average Ws .0462*
(2.17)
Constant -20.507** 5.409* 55.063** -3.516 -5.063
(3.15) (1.98) (2.73) (0.85) (1.19)
Observations 307 321 292 286 285
Pseudo R 2971 3191 5881 1540 .2009

Notes: See Table 2



Table 4
Logit Regressions on the Determinants of Suboptimactions, Stage 1

TOO LOW TOO HIGH
FCT CFT FCT CFT NCT
W11 -.0102 -.0072 .0153** .0045 .0305**
(1.41) (0.88) (2.86) (0.72) (4.82)
W12 -.0482** -.0258* -.0022 -.0203** .0088*
(4.38) (2.38) (0.38) (3.09) (2.12)
Wi3 -.0230** -.0215** -.0006 -.0069 -.0021
(3.27) (2.74) (0.12) (1.32) (0.58)
Test Score .0042 -.1348 -.1023t -.3531** -.1636**
(0.06) (1.17) (1.87) (4.25) (3.18)
Round -.0836* -.0297 .0414 -.0108 .0483
(1.98) (0.64) (1.16) (0.31) (1.60)
Constant 3.002* 2.1618 -1.42361 | 2.6051** -1.058
(2.43) (1.44) (1.88) (2.71) (1.56)
Observations 224 224 420 420 420
LR x° 33.60** 13.55* 11.21* 30.71* 41.59**
Pseudo R .2637 .0627 .0313 .0818 .0889

Notes: Absolute values of the t-statistics in pdreses.
** indicates significance at the 1 percent level
* indicates significance at the 5 percent level
T indicates significance at the 10% level
Regressions on Too Low only include observationseret,>40 or Wxo+W3>60.



Logit Regressions on the Determinants of Suboptimactions, Stage 2

Table 5

TOO LOW TOO HIGH
FCT CFT FCT CFT NCT
W11 -.0296 -.0091 -.0085 -.0018 .0365**
(1.38) (0.34) (1.26) (0.29) (2.94)
Wio -.0037 -.0195 .0193** .0064 -.0069
(0.28) (1.04) (3.27) (1.13) (0.77)
Wi3 -.0195 -.0281 -.0033 -.0128* -.0025
(1.27) (1.28) (0.66) (2.33) (0.30)
Wao .0416**
(4.04)
W3 .0066
(0.78)
Test Score -1917* | -.4431* -.0454 -.3662** -.6964**
(2.03) (2.22) (0.68) (4.25) (6.47)
Round -.0052 .1897 .0188 -.0307 .0388
(0.07) (1.57) (0.49) (0.82) (0.66)
Constant 2.285 1.8611 -1.66751 2.910* 2.458*
(1.26) (0.69) (1.90) (2.90) (2.00)
Observations 89 96 307 321 292
LR x° 12.68* 17.23 11.44* 28.12** 104.24**
Pseudo R 1373 .2262 .0385 .0823 4211

Notes: Regressions on Too Low only include obsematwhere W>40.
Other notes as in table 4.



Table 6
Fixed-Effects Regression Results for Stage 2 and/8age Offers, Rounds 6-19

NCT NCT RGT RGT
Stage 2 3 2 3
Wi, .0042 .0633
(0.12) (1.59)
Wis .0200 .0050
(0.70) (0.10)
Wog -.0341 -.0069
(1.34) (0.15)
MEDIUM 4 12.96* 2.06 23.18* 5.21
(4.47) (0.97) (8.61) (1.40)
MEDIUM , 10.36* 14.05*
(3.40) (3.75)
HIGH, 39.29* -1.95 36.45* -3.15
(4.36) (0.38) (7.92) (0.57)
HIGH, 22.54* 27.29*
(4.78) (4.20)
Constant 23.36* -1.55 4.57 -2.13
(5.25) (0.48) (0.94) (0.31)
Observations 292 170 286 171
Adjusted R 2109 1544 .3549 .1920
F 13.30* 4.18* 31.02* 4.12*

Notes: Absolute value of t-statistic in parentlsese
* indicates significance at a 1% level.
The regressions control for ROUND.
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Appendix: Instructions to Subjects

Human Treatment

Welcome to our experiment!

Please be quiet during the entire experiment. Do not talk to your neighbours and do not try to look at their
screens. Smply concentrate on what you have to do. If you have any questions, please raise your hand. We
will come to you and answer it privately.

You are participating in an economics experimentlnich you interact with other participants for tvix
rounds. Depending on your choices, the other ppatids’ choices and luck you can earn a considerabl
amount of money. The amount of money you will reeadepends on how well you understand these
instructions, so read carefully. You will receivetmoney immediately after the experiment.

In each round you will interact with one other p@pant who is chosen at random. Once a round és,q0u
will be matched with a new participant, again atd@m.

At the beginning of the experiment each participamtssigned one of two roles, either X or Y. Ebedy
keeps their role during the entire experiment.

Let us now describe what happens in each of th@@@ds. At the beginning of the round X has to offe
some money. More specifically, he has to decidaibthwee different amounts that will be paid tot¥stages
1, 2, 3 of the round. Depending on the actions ,ah¥ round may end before stage 2 or 3, in whicde ¢he
amount offered by X will NOT be paid for those stagAfter X has made the offer of some money, Ytbas
take up to two decisions that determine the taatiags of both X and Y.

Sounds complicated? Don't worry. Here is a detallestription of the entire round.

At the start of each round X decides about thréferéint amounts that he is willing to pay to Y. setall

these amounts W1, W2, and W3. The value of eachW?l,and W3 can be any amount between £0.00 and
£1.20. This is the only decision that X will makérithg the round, but the cash payoff of that dedisi
depends on the process described below, so evesyadd read on carefully.

1% stage Y is informed about W1, W2, and W3. Then he fatigsown choice: He has to pick one of three
different actions, which we call LOW, MEDIUM, and®H. Each of these three actions cause some amsts f
Y and some benefits for X. Let’s call these amo@®ST1 and BENEFIT1.

If Y chooses LOW, he faces COST1 of £0.00, whileatns BENEFIT1 of £0.50.
If Y chooses MEDIUM, he faces COST1 of £0.20, wilearns BENEFIT1 of £1.00.

If Y chooses HIGH, he faces COST1 of £0.40, whileatns BENEFIT1 of £1.40.

If Y chooses MEDIUM or HIGH he receives (£0.40 + WCOST1). The round then continues with stage 2.
If Y has chosen LOW, chance decides whether thed@ontinues or not. More specifically, the compute
will flip a coin. If it lands on heads, the roundntinues to stage 2. If the coin lands on tails,rtbund is over.
The final payoffs received by the two players fog tound are as follows:

X receives (£1.00 - W1)
Y receives (£0.40 + W1 - COST1)
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Both participants are informed about what happestefir and their earnings for the round.

2" stage Stage 2 is the same as stage 1., i.e., agaircideewhether to choose LOW, MEDIUM, or HIGH.
This has the same payoff consequences as in stage COST2 and BENEFIT2 are the same as COST1 and
BENEFIT1).

If Y chooses MEDIUM or HIGH he receives (W2 — CO$Tr2addition to his earnings from stage 1. The
round then continues with stage 3. If Y has chdsew, the computer will flip a coin. If it lands dreads,
the round continues to stage 3.

If the coin lands on tails, the round is over. Tinal payoffs received by the two players for tbemd are as
follows:

X receives (BENEFIT1 + BENEFIT2 - W1 — W2)
Y receives (£0.40 + W1 + W2 — COST1 — COST2)

Both participants are informed about what happestefhr and their earnings for the round.

3 stage:There is no choice in stage 3 and what happereryjssimple. X pays the amount W3 (which he
has chosen in the very first stage) to Y. Thaif imund 3 is reached, we will subtract W3 from ¥tal
earnings in this round and will add W3 to Y's taatnings in this round.

The final payoffs received by the two players fog tound are as follows:

X receives (BENEFIT1 + BENEFIT2 - W1 — W2 — W3)
Y receives (£0.40 + W1 + W2 + W3 — COST1 — COST2)

At the end of the "8 stage both X and Y will be reminded of what hamgeim this round, i.e., they will see
X's choice of W1, W2, and W3 as well as Y's choleesveen LOW, MEDIUM, and HIGH. They will also
see the final payoff for both X and Y in the rouRthally, you will see your total earnings so faver all
previous rounds.

At the end of the experiment you will be paid ytatal earnings over all 20 rounds in cash and kedat
sign a receipt.

This procedure may sound more complicated tham fake your time to read through the instructiagain.
And if you have any questions raise your hand. ¢ow@ple of minutes we will distribute an online
guestionnaire that we ask you to fill out. The e of this is simply to make sure that everybadly f
understands the rules of the experiment beforeotueably start. You will need to answer each questio
correctly before beginning.
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Computer Treatment

Welcome to our experiment!

Please be quiet during the entire experiment. Do not talk to your neighbours and do not try to look at their
screens. Smply concentrate on what you have to do. If you have any questions, please raise your hand. We
will come to you and answer it privately.

You are participating in an economics experimemtinch you interact with a computer for twenty rdsn
Depending on your choices and luck you can eawnaiderable amount of money. The amount of money
you will receive depends on how well you understtiase instructions, so read carefully. You witleive
the money immediately after the experiment.

Let us now describe what happens in each of the@ads. At the beginning of the round the compafgars
you some money. The amount that the computer offezach roundhas been pre-determinedindcannot
be influenced by your strategy. Depending on tha yations in stage 1 and 2, the round may end®efo
stage 2 or 3, in which case the amount offerechbycomputer will NOT be paid for those stages. e
computer has made the offer of some money, you twatake up to two decisions that determine yotalto
earnings.

Sounds complicated? Don't worry. Here is a detailestription of the entire round.
1% stage:At the start of this stage the computer offerseatdifferent amounts that it will pay to you. Letl

these amounts W1, W2, and W3. The value of eachW?l,and W3 can be any amount between £0.00 and
£1.20.

You are informed about W1, W2, and W3. You thenthmuske your own choice: specifically you must pick
one of three different actions, which we call LOMEDIUM, and HIGH. Each of these three actions cause
some costs for you. Let’s call this amount COST1.

If you choose LOW, you face COST1 of £0.00.

If you choose MEDIUM, you face COST1 of £0.20.
If you choose HIGH, you face COST1 of £0.40.

If you choose MEDIUM or HIGH you receive (£0.40 +1\Wf COST1). The round then continues with stage
2. If you chose LOW, chance decides whether thadaontinues or not. More specifically, the master-
computer will flip a coin. If it lands on headsettound continues to stage 2.

If the coin lands on tails, the round is over. Tinal payoff you receive for the round is:

(£0.40 + W1 - COST1) where COST1 is zero becaasechiose LOW at stage 1

You are then informed about what happened so f@yaar earnings for the round.
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2" stage In this stage you decide whether to choose LOVEPWM, or HIGH. This has the same payoff
consequences as in stage 1 (i.e. COST2 dependsuochyice in the same way as COST1).

If you choose MEDIUM or HIGH you receive (W2 — CO&Tin addition to your earnings from stage 1. The
round then continues with stage 3. If you chose L@W master-computer will flip a coin. If it landa

heads, the round continues to stage 3.

If the coin lands on tails, the round is over. Tinal payoff you receive for the round is:

(£0.40 + W1 + W2 — COST1 — COST2) where COST2i® because you chose LOW at stage 2

You are then informed about what happened so fyaar earnings for the round.

3 stage:You do not make any choices in stage 3 and whapéras is very simple. The computer pays you
the amount W3. That is, if stage 3 is reached, Wleadd W3 to your total earnings in this round.

The final payoff you receive for the round is:
(£0.40 + W1 + W2 + W3 — COST1 - COST2)

At the end of the "8 stage you will be reminded of what happened is tbind, i.e., see the values of W1,
W2, and W3 as well as your choices between LOW, MB®, and HIGH. You will also see the final payoff
the round.

Finally, you will see your total earnings so faveoall previous rounds.

At the end of the experiment you will be paid ytatal earnings over all 20 rounds in cash and kedito
sign a receipt.

This procedure may sound more complicated than fake your time to read through the instructiagain.
If you have any questions raise your hand. In gplsoaf minutes we will distribute an online questiaire
that we ask you to fill out. The purpose of thisiisiply to make sure that everybody fully underdtatihe
rules of the experiment before we actually stadu Will need to answer each question correctly teefo
beginning. We will also distribute another questiaine at the end of the experiment. This will agine
basic information about yourself and the approamhtpok during the experiment.
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