ECOMNZTOR 557
[ J
* J. ﬂ Leibniz-Informationszentrum

) o o o .. }}2:;:: ?rf:forma ion Centre
Make YOUTPUblZCCltZOHS VZSlble. h B w for Economics ' '

Bohnet, Iris; Kiibler, Dorothea

Working Paper
Compensating the cooperators: Is sorting in the prisoner's
dilemma possible?

SFB 373 Discussion Paper, No. 2001,2

Provided in Cooperation with:

Collaborative Research Center 373: Quantification and Simulation of Economic Processes,
Humboldt University Berlin

Suggested Citation: Bohnet, Iris; Kibler, Dorothea (2000) : Compensating the cooperators: Is sorting
in the prisoner's dilemma possible?, SFB 373 Discussion Paper, No. 2001,2, Humboldt University of

Berlin, Interdisciplinary Research Project 373: Quantification and Simulation of Economic Processes,
Berlin,

https://nbn-resolving.de/urn:nbn:de:kobv:11-10048536

This Version is available at:
https://hdl.handle.net/10419/62683

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048536%0A
https://hdl.handle.net/10419/62683
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

December 15, 2000
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Is Sorting in the Prisoner’s Dilemma Possible?
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Choice between different versons of a game may provide a means of sorting, alowing
players with different preferences to odf-sdect into groups of amilar types. We
experimentaly invesigate whether auctioning off the right to play a prisone’s dilemma
game in which the cost of unilatera cooperdion is lower than in the datus quo verson
separates  (conditional) cooperators  from money maximizers.  After  the auction,
dgnificantly more subjects cooperate in the modified PD than in the datus quo PD
wheress there is no difference between cooperation rates if the two versons of the game
were assigned to participants. However, sorting is incomplete and cooperation deteriorates
over time. The auction price does not correspond to the differences in expected values
between the modified and the tatus quo game.

Keywords. Prisone’s dilemma game Sorting; Auctions, Conditiond  cooperation;
Experiments
JEL dassfication: C72

" Kennedy School of Government, Harvard University, 79 JFK Street, Cambridge, MA 02138, email

Iris_ Bohnet@Harvard.edu

" Institut fir Wirtschaftstheorie, Humboldt-Universitat Berlin, Spandauer Str.1, D-10178 Berlin, Germany,
email kuebler@wiwi.hu-berlin.de



I Introduction

Experiments on prisoner’s dilemma and other public goods games typicdly reved
cooperation rates higher than the equilibrium prediction in the firs round and a decrease
over time, leading to cooperation rates closer to the equilibrium prediction in the find
round of the game. This pattern gpplies to repeated games as well as to repeated one-shot
games! In this paper, we investigate whether auctioning off the right to play a prisoner's
dilemma game may stop this trend. The paper explores whether the choice between two
varsons of a prisone’s dilemma game with the same Nash equilibrium but different out-
of-equilibrium payoffs provides a means of sorting, dlowing players with different
preferences to self-sdect into the version of the game they prefer.

The exiging experimentd findings on prisone’s dilemma and public goods games
overwhemingly suggest the exisence of heterogeneous players, the two most important
being conditional cooperators (i.e. subjects who cooperate if others cooperate as well) and
egoids (i.e money maximizers)> Most recently, Fischbacher et a. (2000) showed the
relevance of conditiond cooperation in a public goods game, finding that the mgority of
their subjects were conditiondly cooperative (with a strong correlaion between own and
other contributions).®> However, despite the prevalence of conditional cooperators, high
cooperation rates cannot be sustained over time. As conditional cooperators behavior
depends on what others do, the existence of non-cooperative types induces a downward
spird.*

We invedigate whether an auction for the right to play a modified verson of the game
rather than the status quo verson separates cooperators from defectors. In the modified
game the cost of unilatera cooperation is lower, but the Nash equilibrium remans the

same as in the datus quo game. We choose this specific change in out-of-equilibrium

! See, for example, Andreoni (1988), Andreoni and Miller (1993), and for surveys, Davis and Holt (1993) and
Ledyard (1995).

? See, for example, Brandts and Schram (forthcoming), Croson (1999), K eser and van Winden (forthcoming),
and for arecent survey, Fehr and Géchter (2000). Individual heterogeneity in preferences does not exclude
the possibility of errors. Rather, studies testing the relevance of errors and of other-regarding preferencesin
public goods games find that both are present, see Anderson et al. (1998), Andreoni (1995) and Palfrey and
Prisbrey (1997).

® 48 percent of the subjects were conditionally cooperative and 32 percent could be classified as purely
selfish. The remaining 20 percent of the subjects displayed an unusual, not easily identifiable pattern of
behavior.

* Fehr and Schmidt (1999) show theoretically that cooperation cannot be obtained in equilibrium even if the



payoffs as not only the theory but aso earlier experimenta evidence (e.g. Ahn et d. 1998)
suggest that when games are assgned, such a change in payoffs does not affect behavior.
In addition, it captures important aspects of red life mechanisms employed to sort
employees, customers and insurees. As the cost of unilaterd cooperation is lower in the
modified verson than in the daus quo verson, the change in the payoff dructure
represents an insurance mechanism by (partialy) compensating the cooperator in case his
or her counterpart defects. Therefore, the modified game is prima facie more attractive to
players who want to cooperate than to money maximizers. Apart from sorting schemes
used by insurance companies for example, clubs often employ Smilar mechanisms to
induce f-sdection. E.g., high membership rates together with certain privileges can deter
some people and attract others who vaue these privileges highly enough.

The experiment is desgned as follows. We run two versons of a one-shot two-person
prisoner’'s dilemma game with the same unique Nash equilibrium. Before playing the
game, each subject individualy decides which verson of the game he or she wants to play.
The right to participate in the "insured" indead of the dtaus quo verson of the game is
sld in an n"-price auction. The subjects who win the auction play the game according to
the modified payoff sructure while for dl others the satus quo verson remains vaid.

We test for the effect of two centrd contextua variables, the number of rights available
to play the modified PD and the number of periods played after an auction. The intuition
for this is draghtforward: If there are more rights avalable than conditional cooperators
present, full separation of player types is imposshble. Even if al cooperators opted for the
modified game, some egoists would be able to take advantage of them, inducing the
downward spird. If there are fewer rights available than conditiona cooperators present,
on the other hand, sudtainable sorting seems possble. We vary the number of periods
played after an auction to test for different expected vaues of playing the insured verson
of the game. The more periods subjects can spend in the "safe(r) haven”, the higher ther
bids should be.

This is a nove experimentd design. In contrast to earlier related experimenta studies,
our design invedigates the choice between two versons of a game insead of between
playing and not playing a game. The later choice Stuation has been extensvely sudied for

conditional cooperators are in the mgjority.



bargaining and coordination games® The exit experiment by Orbell and Dawes (1993)
comes closest to our design. In their experiment, subjects could choose between playing a
prisoner’s dilemma game (where a player’s profits were only postive if the other player
cooperated, otherwise he or she made a loss) and exiting the game (with payoff zero). The
authors report higher cooperation rates with an exit option than in the standard PD and
argue that this supports sorting: Egoists opt out as they underestimate the probability of
cooperation while cooperators choose to play the PD.

In our experiment, assuming type-contingent beliefs is not necessary to account for
sorting. Rather, rationa expectations can induce players to sdect the verson of the game
they prefer. Also, our design dlows for a better test of the sorting hypothesis because we
observe the behavior of those who logt the auction, whereas in the design of Orbdl and
Dawes (1993) those who exit have no choice to make. We find that in the first period of
the auction treatments sgnificantly more subjects cooperate in the insured game than in the
datus quo verson. Paying for the right to participate in the insured game seems to provide
an opportunity for sdf-sdection. However, sorting is incomplete. In most sessons there is
some cooperation in the status quo game and some defection in the insured game. The
auction price does not correspond to the differences in expected vaues between the insured
and the gatus quo game and the price predicted in a sorting equilibrium is not reached in
the [aboratory.

While the laboratory environment seems comparativdly smple, the bidding decison is
cognitively quite demanding. In order to bid rationaly, subjects would have to hold correct
beliefs aout the cooperation rates in both games. With two player types, conditiond
cooperators and money maximizers, this requires knowledge of the didtribution of types in
both games dfter the auction. We find tha while the firg-period cooperation rate is
ggnificantly higher in the insured verson than in the daus quo verson of the game, there
ae dill many cooperaing subjects who are "exploited'. The experience of being the
"sucker" induces the disappointed cooperators to stop cooperating.® We find that

® In bargaining games, proposer competition was analyzed by Gith and Tietz (1986) and responder
competition by Prasnikar and Roth (1992). Van Huyck et a. (1993) and Cachon and Camerer (1996) alow
players in a coordination game with Pareto-ranked equilibria to opt out of the game. Cooper et a. (1993)
investigate the effect of an outside option in the battle-of-the-sexes game. Related to these exit-experiments
isapublic goods game by Erhart and Keser (1999) in which subjects could form new groups.

® For early experimental evidence in psychology, see Brubaker (1975). For more recent economic



cooperating subjects whose counterpart defected in the first period are equaly as unlikely
to ever cooperate again as subjects who defected in the first period. Only after mutua
cooperation are firs-period cooperators willing to cooperate again in future rounds. This
dynamic leads to a decrease in auction prices and cooperation rates in the insured game
over time,

In the next part Il of our paper, we outline the experimenta design. In section IlI, we
derive predictions. Section IV reports the experimental results and Section V discusses
their relevance. Section VI concludes the paper.

IT Experimental Design

Our dedgn condsts of a two-person, one-shot prisone’s dilemma game, which is
employed in two versons. Table 1 presents payoff table A, the status quo version, and
payoff table B, the insured verson of the game. Numbers represent actud payoffs in cents.
Defection is the unique Nash equilibrium in both versons, which only differ in the out-of-
equilibrium payoffs for unilatera cooperation. The payoffs were presented to our
experimenta subjectsin amatrix form; no normative frames were used.”

Tablel:
Payoff Table A
X Y
X 350; 350 0; 500
Y 500; O 150 ; 150
Payoff Table B
X Y
X 350; 350 100 ; 500
Y 500; 100 150 ; 150

experiments, Isaac et al. (1989).
" For the experimental instructions, see appendix A.



The game was repeated five times, which was common knowledge. Subjects were
randomly matched with a new counterpart in each period® and privately informed about
their individual results after each period. Four different treatments were conducted: The
control treatment | where games A and B were assigned to the participants, as well as three
different auction treatments. In the latter, we varied the number of periods played after an
auction as well as the rights available to play game B. Our choice of the number of rights
available to play game B was influenced by prior results on the number of cooperators
present in prisoner’s dilemma games. Reviewing the literature revedled a striking
consistency: Typically, cooperation rates of about one third are found in the first rounds of
one-shot prisoner’s dilemma games.” We label treatments with more rights to play game B
available than expected cooperators as "large groups B" and those with about equally as
many rights available as "small groups B".

In trestment conditions Il and 111, auctions were repeated in every period, in condition Il
with large B-groups (approx. two thirds of the participants) and in condition 111 with small
B-groups (approx. one third of the participants). We chose the group sizes so that in
condition 11, B would consist of more players than the number of cooperators we expected,
and in condition 111, B would be small enough to consist of cooperators only. In treatment
IV, dso a small-group design (approx. one third of the participants), an auction was only
run in the first period, after which subjects remained in the respective games for periods 2
to 5 (subjects were randomly re-matched in each period as above). An overview of the

experimental design is presented in table 2.

8 See Andreoni and Miller (1993) for this repeated one-shot design in two-person prisoner's dilemma games.
° Seefor one of the earliest prisoner's dilemma experiments, Dawes et al. (1977) who report a cooperation
rate of 33 percent in an 8-person PD and, most closely related to our design, Andreoni and Miller (1993),
who find a cooperation rate of about 35 percent in the first period. Cooperation rates depend on the social
distance between the subjects and between the subjects and the experimenter. We guaranteed complete
anonymity similar to a double-blind design (see Bohnet and Frey 1999a and b).



Table 2: Experimental design

Treatment conditions N n(A) n(B)
[. Control 48

Assgned A 24
Assgned B 24
I1. Repeated auction, B large 72

Auction 1 26 10 16
Auction 2 24 10 14
Auction 3 22 8 14
I1l. Repeated auction, B smdl 78

Auction 4 30 20 10
Auction 5 18 12 6
Auction 6 30 20 10
IV. First round auction, B smal 54

Auction 7 28 18 10
Auction 8 26 16 10

An r"-price seded bid auction was used to dicit individuds willingness to pay for game
B. Even though experimentad evidence does not fully support the theoretical predictions
(Vickrey 1961), comparatively sable behavior is reported in private and common vaue
second-price auctions (Kagel 1995). However, the auction employed here neither qudifies
as a private vaue nor as a common vaue auction. Our bidders do not know the vaue of
the item to themsdlves with certainty as the value depends on other participants choices in
the game. Allowing for subject heterogeneity, the vaue of the item is dso not the same to
everyone:. Ones own preferences and expectations about other people's behavior
determine bidding. Van Huyck et a. (1993), who used an auction to sdl the right to play a
game for the firg time (didting individuds willingness to pay for a coordinaion game),
cdl it a "game form auction”. They date that "the vaue of the object being auctioned is
determined by the drategic interaction of the owners and this drategic interaction can



depend on the price generated in the auction.” (Van Huyck et a. 1993: 493).

Auction sessons were conducted as follows. After the participants had read the
ingructions and questions had been answered, we ran a practice auction where subjects
were assigned their true private vauation for a hypotheticd good beforehand.’® We then
dated with the experiment: Each participant had to indicate his or her bid; the auction
price was determined and written on the blackboard. Subjects were alocated to game A or
game B depending on their bid, randomly pared with another player in the same verson of
the game and informed about which game they were playing. Then each subject had to
decide whether to cooperate or to defect; finaly everybody learned about his or her
earnings in the current period. In treatment conditions Il and IlI, this procedure was
repeeted five times, in treatment condition IV, the auction was only conducted in period 1
and playersremained in either game A or B for dl five periods.

The experiments were conducted with students from various universties in the Boston
area. Paticipants were pad a show-up fee of $5. The experiment was conducted
anonymoudy and took approximately 45 minutes. After the experiment, participants were
pad in cash and eaned $15 on average (including the show-up fee). Subjects were
identified by code numbers only and care was teken that neither other subjects nor the

experimenter could observe private decisions.

IIT Predictions

We derive our reference prediction from standard game theory. If dl subjects are rationd
money maximizers and if this is common knowledge, the equilibrium prediction is
identicd in dl our treatment conditions. Nobody cooperates in ether verdon A or verson
B of our game, and nobody is willing to bid anything for the right to play verson B rather
than verson A in the auction trestments* However, as discussed above, there is much
empirica evidence for dandard prisoner's dilemma games, such as the one employed in
our control trestment, suggesting that about one third of the players cooperate in the firgt

' Participants were asked to indicate their willingness to pay for one of three identical hypothetical goods on
apiece of paper, which we collected. We wrote all the bids on the blackboard and demonstrated how a
second price auction works: The three highest bidders would each win one of theidentical hypothetical
goods and pay the price that the fourth highest bidder bid. In case of atie, arandom device was used to
determine who won the auction, and the price announced before the tie occurred had to be paid.

™ Dueto backward induction, this prediction follows even if we acknowledge that random matching does not



period of one-shot public goods games with binary choices.

Taking these findings into account, the standard game theoretic prediction formulated
above is modified. We propose a smple but sraightforward definition of types. As money
maximizing rationd individuds should not cooperae in one-shot prisone’'s dilemma
games, we condder dl players (and only those) who cooperate in the first period to be
conditional cooperators. Both, conditional cooperators and egoists, are willing to pay a
positive price to participate in verson B rather than verson A of the PD, given that they do
not assume that only subjects of their own type are present'? and given that egoists do not
assume that the likelihood of being paired with a cooperator is the same in both versons of
the game (in which case they bid zero cents). If subjects expect that there are both money
maximizers and conditional cooperatorsin the group, sorting is possible '

Assuming a constant proportion of cooperators of one third, we make a point prediction
and a comparative gatics prediction for first-period behavior:

produce a"true" one-shot environment.

121f this is common knowledge, everybody bids zero cents and egoists defect and cooperators cooperate in
both games. Thisis an extreme version of the "false consensus effect" (Dawes 1989).

13 Apart from the informal sorting hypothesis presented here and the definition of types based on observed
behavior in the first period, a sorting equilibrium can be constructed with fully optimizing players. However,
the existence of a sorting equilibrium in the one-shot game and its properties critically depend on the
subjects' beliefs about the definition and distribution of types and on the number of rights available to play B.
Therefore we only sketch the equilibrium in this footnote, without formally testing it.

Suppose that conditional cooperators derive an extra utility of d>150 from both players cooperating (for a
similar model, see Bolle and Ockenfels 1990 for mutual cooperation and Cooper et al. 1996 for unilateral
cooperation), that subjects hold correct beliefs about the distribution of types and that the number of rights to
play game B is larger than the number of cooperators in the group. Then, there exists a strictly positive price
at which cooperative types pay the auction price and cooperate while egoists are indifferent between paying
the price for B in order to exploit the cooperators and not paying anything to receive the non-cooperative
payoff in game A for sure.

Assuming a constant percentage of cooperators of roughly one third, which is common knowledge, allows
us to calculate at which auction price conditional cooperators are sorted from egoists. If two thirds of the
subjects play game B and all conditional cooperators sort themselves into game B, then egoists are willing to
bid [EV(B)-EV(A)lpes = 05500 + 0.5*150 - 150 = 175 cents. Cooperators are willing to bid [EV(B)-
EV(A)lcoop = 0.5%(350+d) + 05100 — 0= 225+0.5d Thus, any price between 175 and 225+0.5d induces
sorting of player types (with the equilibrium price being 175), leading to higher cooperation rates in game B
thanin gameA.

If the number of rightsto play game B is smaller than the number of cooperators, the auction price must
be such that conditional cooperators are indifferent between playing game B, meeting another cooperator
with certainty and paying the price, or playing game A and meeting another cooperator only with a small
probability. If onethird of the group plays game B, then egoists are maximally willing to bid [EV (B)-

EV(A)]per = 500 - 150 = 350 cents. Cooperators are willing to bid [EV (B)-EV(A)]coop = 350+d i.e. the
equilibriumprice when there are more cooperators in the group than rightsto play B is 350+d
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Hypothesis 1:

(@) In period 1, nobody cooperates in game A but al Bplayers cooperate in the smal B
treatment and hdf of the B-players cooperate in the large B treatment.

(b) Independent of the dze of group B, fird-period cooperation rates in versons B are
higher than in versons A of the game in the auction trestments. No such difference
between versons A and versions B exigsin the assgned treatment.

Subjects know the auction price and are informed about their individua earnings after
each period, i.e. both money maximizers and conditiona cooperators can learn and adapt
ther behavior accordingly. In smdl B-groups, complete sorting with only conditiona
cooperators playing game B is posshle. In such a case, full cooperation could be sustained
over time. In large Bgroups and with only one third cooperators present, sorting can never
be complete. Conditional cooperators whose counterpart defects in the current period stop
cooperating, increesng the number of defecting subjects in the next period and thus
resulting in a downward spird over timel* Assuming that one third of the group are

conditional cooperators, we predict for behavior over time:

Hypothesis 2:

(& A subject who cooperatesin the first period is more likely to cooperate again in later
periodsif hisor her counterpart cooperated and lesslikdly if his or her counterpart
defected in period 1.

(b) Overdl-cooperation rates are stable in the smdl B-auction treatments and decrease

over time in the assgned and in the large B-auction treatments.

Findly, individua bids should reflect the expected value of playing verson B rather
than verson A. In order to evauate how much better it isto play verson B rather than
verson A, a participant has to form beliefs about what strategy his or her counterpart will
choose, consider that sorting may occur, and choose a strategy. In particular, every subject
has to compute the expected payoff from playing B minus the expected payoff from

14 A similar spiral has been observed in continuous-choice public goods environments where conditional
cooperators' contributions do not quite match the average contributions of others, see Fehr and Schmidt
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playing A given hisor her drategy. If there are more rights to play game B than
conditiona cooperators present, the auction price in thefirst period is equd to the expected
payoff difference between game A and game B for defectors. Conversdly, if there are
fewer rightsto play B available than conditiona cooperators present, the auction priceis
equal to the expected payoff difference for cooperators. Even if bids do not reflect the true
expected vaue initidly due to the complexity of the task, we expect them to converge
towardsit as subjects learn and update their beliefs about other players behavior over
time.

We derive point and comparative statics predictions for first-period behavior and for

behavior over time:

Hypothesis 3:

(&) Auction prices reflect the expected vaue of playing game B minus the expected vaue
of playing game A.

(b) Firg-period auction prices are higher, the larger the expected value of playing verson
B rather than verson A is. In particular, auction prices are higher, the smdler group B
is and the more periods of version B are played &fter the auction.'®

(c) Over time, auction prices converge to the expected vaue of winning the auction.

IV Experimental Results
In the following, the main findings are presented.

Observation 1: First-period cooperation
(&) Cooperation rates in verson B of the gane are close to 50 percent in dl auction
treatments.

In large Bgroups, firg-period cooperation rates are exactly (or close to) 50% in al auction
sessons while in smdl B-groups, cooperation rates in none of the auction sessons

(1999).
™ This prediction holds assuming that one third of the group are conditional cooperators, sorting takes place,
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approach 100% (see table 3, Appendix B). The point prediction of hypothesis 1(a) is only
partidly supported.

(b) Cooperation rates are higher in verson B than in verson A of the game in the auction

treatments but not in the control trestment.

Firg, note that there are no dgnificant differences between the overdl-cooperation rates in
the control trestment and the eight auction sessions (Fisher's Exact tests, p>0.10).° This is
conggent with the sorting hypothess. At the same time, subgtantid differences between
fird-period cooperation rates in versons A and B can be observed in the auction
treatments. For a graphic representation of cooperation rates in games A and B see figure 1
below. (Table 3, appendix B, reports the cooperation rate for each sesson separately.) In
al auction treatments, but not in the control treatment, cooperation rates in versons B are
ggnificantly higher than in versons A. A Fisher’'s Exact tes yidds p=0.547 for treatment
|, p=0.000 for treatment 11, p=0.025 for treatment I, and p=0.046 for trestment IV.%’
Hypothesis 1(b) is supported.

and both is anticipated by the subjects.

'® Comparing the overall cooperation rate of each auction session with the cooperation rate in the assigned
games, no significant differences can be found: A-1: p=1.00, A-2: p=0.431, A-3: p=1.000, A-4: p=0.805, A-
5: p=0.167, A-6: p=0.805, A-7: p=0.626, A-8: p=0.799.

" At thelevel of individual auction sessions, the difference between versions A and version B is significant at
a10%-level in the three sessions of treatment | with large B and in one of the sessions of treatment 1V: A-1:
p=0.087, A-2: p=0.024, A-3: p=0.022, A-4: p=0.115, A-5: p=0.638, A-6: p=0.115, A-7: p=0.050, A-8:
p=0.664. The datais pooled as there are no significant differences between the sessionsin each treatment.
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Figure 1. Fird-period cooperation rates in the control and the three auction trestments (in
percent)

100
80 A

60

I

Treat | Treat Il Treat lll Treat IV

O Games A BGames B

Observation 2: Cooperation over time

(& Thereisevidence for both types of players, egoists and conditional cooperators.

In our experiments, 86 out of 252 subjects cooperated in the first period of the game. One
out of the 86 continued to cooperate in dl the remaning four periods. Mogt other first-
period cooperators behavior is contingent on their counterpart's type: 75 percent of the
cooperators meeting another cooperator in the first period (N=32) are willing to cooperate
a leest once again in the future. On the other hand, only 24 percent of the cooperators
meeting an egoist in the fird period (N=54), are willing to ever cooperate agan in the
remaining four periods. Of the 112 money maximizers who meet ancother defector in the
first period, 29 percent cooperate a least once in periods 2 to 5 (and 24 percent of the
egoists meeting a cooperator in the firs period (N=54) are willing to cooperate in later
rounds). First-period cooperators thus do not behave differently in later periods than firg-
period defectors if their counterpart defects but are much more likely to cooperate again if
their counterpart also cooperates (Fisher's Exact Test, p<0.01), supporting hypothesis 2(a).
Table 4 in (gppendix B) presents the results for the four different trestments.
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(b) Overdl-cooperation ratesin dl trestments and in all games decrease over time.

The opportunity to sef-sdect into groups of Smilar types does not prevent conditiona
cooperators from defecting in later rounds. Figure 2 presents the experimenta data
graphicelly.® The decrease in cooperation rates in the assigned trestment | is very similar
to the decay in auction treatments Il and Ill. The differences between the overal-
cooperation rates in the control treatment | and the two auction treatments Il and Il are not
sgnificant in dmost dl periods (chi>-tests p>0.1 for al trestment comparisons in &l
periods, with the exception of Treat I-Treat Ill in period 2 where we find a margindly
sgnificant difference with p=0.099). Findly, no difference between treatments Il and il
can be observed (chi’>-tests p>0.1). Incomplete sorting in both large and smal B-groups
induces a downward spira. Hypothesis 2(b) is only partially supported.

Moreover, the decrease in cooperation is amilarly strong in trestment IV with a dngle
auction and in trestments Il and Il with an auction in each period. The differences
between the overdl cooperation raes in the three auction treatments are not sgnificant in
dmost dl periods (chi>-tests p>0.1 for al trestment comparisons in al periods, with the
exception of Treat [I-Treat IV in period 3 where we find a margindly sgnificant
difference with p=0.083). Thus, the decrease cannot be attributed to invaders, paying the
price for B in later rounds in order to exploit the cooperators.

' For the data of theindividual sessions, seetable 3 in appendix B.
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Figure 2. Overdl-cooperation rates over time (in percent)
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Observation 3: Auction prices
a) In the first period, auction prices do not correspond to the expected vaue of playing
game B minus the expected vaue of playing game A.

Most subjects bid more than zero. Out of 204 participants in the three different auction
treatments, only 22 subjects bid zero cents in the first period. Everybody ese i.e. 85
percent of the participants, has some pogtive willingness to pay for the right to play
verson B rather than verson A. Firg-period auction prices are higher than if subjects had
not anticipated sorting a dl. If no sorting was expected, defectors would bid O and
cooperators maximaly 66 cents in both auction treatments 1l and Il (assuming that they
expect one third of the group to cooperate). Table 5 (appendix B) shows that actud bids
are much higher than these numbers. Hypothesis 3(@) is not supported.

If subjects had retiondly anticipated the distribution of types, first-period auction prices
should be just equa to the expected advantage of playing B ingtead of A. Computing the
expected vdue of B over A by using the redlized cooperation rates and subtracting the
auction price for each sesson yields the graphs of figure 3P |t emerges that in the firg

* For example, in the first round of A-1 the expected value of playing B instead of A for adefector is
0.5*500+0.5* 150-(0.1*500+0.9* 150)=140. Note that the expected values of defectors used in figure 3 are
lower than the expected values of conditional cooperators who benefit from the “insurance” in game B. The
auction priceintreatment |1 (large B) should be equal to this expected value whereasin treatment I11 (small
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period, he auction price is too low in treatment 11 (A-1 to A-3) wheress it is too high in
treatment 111 (A-4 to A-6).

Fgure 3: Expected vaue of playing B instead of A minus auction price (in cents)

200
100 -
0 -
-100 R
-300
-400 . \E/ . : :

1 2 3 4 5

|4—A1l-8A2 4 A3 > A4 -B-A5 A

b) Auction prices are higher for smal than for brge groups B, but mean bids do not differ
sgnificantly. When subjects can bid for the right to play a game for 5 periods rather
than for 1 period, auction prices and bidding differs.

Table 6 (gopendix B) reports the redized auction prices in dl sessons. Bidding behavior
seems very amilar in treetments 1l (smdl B) and 1l (large B). A test comparing the means
and the digtribution of bids in the first period of treatments Il and Il reveds no sgnificant
difference between the two (Man-Whitney test, p=0.18; Kolmogorov-Smirnov tes;
p=0.67). Assuming again that about one third of the group are conditional cooperators in
both treatments, bids should differ as the vaue of playing smal B (where everybody

B) the auction price can aso be higher if there are more conditional cooperatores than rightsto play B. Thus,
part of the discrepancy in treatment |11 (A-4 to A-6) may be due to underestimating the expected val ues.
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cooperates) is higher than the vadue of large B (where the probability to meet a cooperator
is only one hdf). Hence, as bids do not differ, the price difference is due to the fact that the
digribution of bidsis truncated after a smaler number of bidderswhen B issmall.

Comparing firg-period bids of treatments Il and Il (where an auction takes place in
every period) with the firg-period bids of trestment IV (with only one auction in the first
period) reveds that the means and the didributions of the bids dgnificantly differ from
each other (for Il and IV: Mann-Whitney test, p<0.001; Kolmogorov-Smirnov tes,
p<0.001; for Il and 1V: Mann-Whitney test, p<0.001; Kolmogorov-Smirnov ted,
p<0.001). Thus, hypothess 3(b) is not supported for the group Sze effect but it is
supported for the period effect. Subjects seem to be able to figure out that bidding for the
right to play game B for five periods is worth more than bidding for the right to play it for
one period only. On the other hand, they do not bid more for smdler B groups than for
large B groups.

(© Auction prices and the differences in expected vaues between games B and A

converge.

Figure 3 shows the difference between the expected vaue of playing game B and game A
for defectors minus the auction price in each period, i.e [EV(B)-EV(A)loet - P.2° In the
three sessons of treatment Il (large B), auction prices start out too low, wheress in
treetment 11l (smal B) auction prices are too high in the beginning. Over the five periods,
as cooperation rates decrease, subjects adjust their bids to the decreasng true vaue of

game B, supporting hypothesis 3(c).

V Discussion

We find evidence for sorting in the beginning of our experiments, with higher cooperation
rates in the insured verson B than in the datus quo verson A of the game. No such
differences can be found when versons A and B are assgned. While it has not yet been
investigated how changes in the payoff dructure affect sorting in the prisoner's dilemma,
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the few papers sudying the impact of relative payoffs on cooperation rates in assgned
prisoner's dilemma games support our results in the control trestment. Introducing an
insurance  mechanism in a two-person PD, which decreased the cost of unilatera
cooperation from 40 cents to 10 cents, Ahn et d. (1998) did not find any effect on
cooperation. Only if both the benefit of unilaterd defection and the cost of unilaterd
cooperation were decreased from 40 to 10 cents, they found an increase in cooperation.*

Schotter (1998) tested the effect of an insurance mechanism in a profit shaing game
with two equilibria, a high effort and a low effort equilibrium. Subjects payoffs depended
on their own effort levels, those of the other group members and on the group incentive
formula Two such formulas were compared: a high-vulnerability plan A and a low-
vulnerability plan B in which a subject's payoff fel less segply than under plan A for
identical reductions in others efforts. Thus, plan B compensated high effort workers to
some degree, providing a Smilar insurance mechanism as was employed in our game B.
The author found that subjects behavior in plans A and B did not differ (unless they shared
acommon history of shirking).?2

Smilaly, in our experiment the provison of an insurance mechanism by itsdf does not
lead to higher cooperation rates. Only when the right to play the insured verson of the
game is auctioned off, more cooperation is observed in the insured verson of the game
compared to the status quo verson. This may not come as a surprise: Privileges in clubs
are not just randomly given to people but sold and sometimes even auctioned off.

Stll, to the best of our knowledge, nobody has found a sorting mechanism leading to
dstable cooperation rates over time yet. In Erhat and Keser's (1999) public goods
experiment where subjects could leave their groups to form new ones, "cooperating

subjects are on the run from less cooperative ones who follow them around.” (p. 9) As

** For the auction pricesin the individual sessions, see table 6 in appendix B.

21 Their average cooperation rate over all random matching treatmentsis also very close to ours, namely 31.6
percent. A change in payoff structures was first studied by Rapoport (1967) who calledthe relative cost of
unilateral cooperation "fear" (payoff for mutual defection minus the payoff for unilateral cooperation) and
therelative benefit of unilateral defection "greed" (payoff for unilateral defection minus payoff for mutual
cooperation).

22 \While subjects could not choose between plans but were assigned to them, the author affects expectations
about others' likelihood of choosing high effort levels using a different mechanism: Prior to playing the profit
sharing game, subjects either participated in the minimum or the median coordination game. While subjects
typically managed to coordinate on the payoff-dominant equilibrium in the median game (no shirking
experience), they typically converged to the minimum in the minimum game (shirking experience).
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cooperative subjects formed new groups, hoping to meet other cooperators, egoists
congantly invaded and decreased cooperation rates over time. Offerman and Potters
(2000) experimentaly examined how auctioning off entry licenses (eg. for oil drilling or
arport dots) affects pricing behavior, dso finding support for first-round sorting only. The
mos collusve players, sting the highest prices and earning the largest profits, sdf-
sdected into the market game in the firg auction. However, in laer auctions, no sgns of
such a sdlection effect were found. Sorting, thus, was not sustainable.

An experiment by Charness (2000) supports the relevance of sorting in a bargaining
game. Subjects were sorted by the experimenter according to their offers in a first stage
dictator game. In the second stage, people of the same ‘typ€ were pared to play a
barganing game and informed of each other's type. Pars of generous types bargained
more efficiently than dl other pars. Even when subjects knew in advance tha they would
be sorted according to ther dlocation in the dictator game, this difference in bargaining
outcomes was observed (abeit on a lower level). Knowing that one's partner is ‘generous
or, as in our experiment, that she was willing to pay a price for the insured game, seems to
confer useful information and to encourage ‘friendly’ behavior.

While the sorting explanation is condggtent with most of our data, we want to explore an
dternative hypothesis as wdl. Forward induction has been used to explan why auctions
could lead to increased efficiency in coordination games. Van Huyck et d. (1993) and
Cachon and Camerer (1996) dlowed players of a coordination game with seven Pareto-
ranked equilibria to opt out of the game. The price for the right to play the game served as
an dficdency-enhancing coordingtion device if the price was high enough to exclude
inefficient equilibria. While Van Huyck e d. (1993) agued that in line with forward
induction, auction prices provide a means of tacit communication, Cachon and Camerer
(1996) showed that ‘better’ equilibria were reached even if fees were imposed. This cannot
be accounted for by forward induction as subjects could not choose whether to participate
or not, but suggests that they acted according to the principle of ‘loss-avoidance .2* Cooper
et d. (1993) invedtigated the effect of one player getting an aitsde option in the battle-of-

23 Similar to Cachon and Camerer (1996), Offerman and Potters (2000) report that "it is mainly the fact that
an entry fee hasto be paid rather than a sel ection effect that affects the outcome on which subjects
coordinate." (p. 20).
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the-sexes game. They dso found only limited support for the relevance of sgnding
intentions about future behavior, i.e. forward induction, as players aso react to dominated
outside options.

Despite this mixed evidence regarding the explanatory power of forward induction, it
could have played a role in our experiments if al individuds had been conditiona
cooperators. For conditiona cooperators, the prisoner’s dilemma is trandformed into a
coordination game. An auction price above 150 cents for game B heps such players to
coordinate on the cooperative outcome in game B but not in game A. Differences in
cooperation rates between versons A and B of the game could thus be accounted for.
However, our data do not support such an explanation for two reasons. Fird, the overdl-
cooperation rate is insendtive to the sze of group B. Forward induction would imply that
with large B, more subjects cooperate than when B is smdl. Second, auction prices in dl
sessions of treatment 1l are too low (below 150 cents) for a forward induction argument to
work. Although firg-period auction prices in treatment Il were sufficiently high for
forward induction, they did not result in sysematicadly different behavior than the low
auction pricesin treatment I1.

VI Conclusions

We have run an experiment that differs from past prisoner’s dilemma sudies in that our
experimenta subjects could choose between two PD payoff Sructures, the origind game A
and a modified verson B in which the payoff from unilaterd cooperation is incressed. The
right to participate in version B rather than in the origind game A could be bought in an "
-price, seded-bid auction. The gspecific desgn was chosen for two reasons. Fird, we
wanted to provide subjects with an "inditutiond choice' implying that they could decide
which verson of a game they wanted to play but could not just opt out. Taking the
criticism serioudy that game theory is of limited practicd relevance because it does not
dlow for individuals to change the games they play (Brandenburger and Naebuff 1996),
we tesed for the implications of trandforming payoff dructures in the laboratory.
Secondly, the specific change in the payoff dructure, the decrease in the cost of unilaterd

cooperation in game B, was chosen in order to reflect schemes used by various
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organizations to sort their employees, customers or insurees.

We compare various auction trestments with a control trestment in which versons A
and B were assgned to the subjects. After the auction, dgnificantly more subjects
cooperate in the modified PD than in the datus quo PD whereas there is no difference
between cooperation rates if the two versons of the game were assigned to participants.
Individuds willing to cooperate in period 1 thus sdf-sdect into the insured verson B
while defectors bid less and play verson A. Such a segmentation of types may be
egpecidly interegting from an evolutionary point of view as it fadilitates the "proliferation
of nicetraits' (Bowles 1998: 93).

Firg-period cooperators continue to cooperate if they have been paired with another
cooperator in the first period. If their counterpart defected in the first period, the likelihood
of ever cooperating again is as low for firg-period cooperators as for fird-period defectors,
indicating that our subjects are either conditiond cooperators or egoidts. If sorting in the
firg period is incomplete, we should expect the dynamics of conditiond cooperation to
lead to a decrease of cooperation rates over time. This is wha we observe Firgt-round
cooperators who meet a defector in period 1 stop cooperating in later rounds. The decrease
of cooperation rates makes the differences in expected values between playing verson B
and vason A gmdler and amdler. Auction prices reflect this trend. While we observe
over- and underbidding in the beginning, the differences in expected vaues and the auction
prices converge over time and are close to zero in the last period.

We find tha auctioning off the right to play a prisoner's dilemma game provides a
means of sorting in the beginning of the experiment but that sorting is not sustaingble over
time. More research remains to be done in order to better understand under which
conditions sorting can be dabilized ad cooperation among those who are more inclined
towards cooperative outcomes can be maintained. Our experiments shed light on some

aspects of such amechaniam.
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Appendix A: Experimental instruction for auction treatme nts

Welcome to this research project!

You are participating in a study in which you have the opportunity to earn cash. The actua amount
of cash you will earn depends on your choices and the choices of the other persons in the study. At
the end of the gudy, the amount of money you earned will be added to the show-up fee of $5. In
addition to these ingtructions, you receive an envelope containing

- aCode Number Form

- aPractice Form

- aPrivate Vduation Form

- an Auction Form marked with your code number

- aDecison Form marked with your code number

What the study is about:
The study is on how people decide. Y ou have to make two decisions:

(i) How much do you want to bid for the right to participate in a specific situation?

The right to participate in a specific Situation will be auctioned off. Situations A and B, presented
below, only differ in the size of the payoffs. Y ou will be asked to privately submit your bid for the
right to participate in Stuation B instead of in Stuation A. "Participating in Situation B" means that
you will play according to payoff table B for 5 rounds, with new partnersin each round. If you
remain in situation A, you will play according to payoff table A for 5 rounds, with new partnersin
each round.

The top n bidders will participate in situation B. These n bidders will have to pay the amount that
equals the highest rgjected bid, i.e. the amount that the n+1" bidder offered. The other m bidders
who did not bid high enough will participate in Stuation A. The values for n and m are indicated on
the blackboard.

(ii) Which alternative do you choose in the situation you participate in?

You and another person who is in the same Situation as you are have to choose between two
dternatives, X and Y. The payoff table tells you how much money you earn depending on what
you choose and what the other person chooses.

How the study is conducted:

The study is conducted anonymousdly and repeated five rounds. Participants are only identified by
"code numbers'. In order to guarantee privacy and anonymity, do not show anyone your code
number! You are randomly matched with another person in each round. Before beginning with the
actual research project, we will run one practice auction to familiarize you with auctions.
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START

I. Practice: Auction for a hypothetical good:

In this auction, 3 identical hypothetical goods are auctioned off. In your envelope you received
your private vauation of the good. This is the amount of money the good is actually worth to you.
Each participant may only bid for one good. Thus, the 3 highest bidders will each receive one
good. The 3 highest bidders will pay the amount that the 4" highest bidder offered. Everybody else
will neither receive nor pay anything.
Please write the amount you want to bid on the ”Practice Form" and put it into the box. We will
collect al forms and determine the 3 winners.
If atie occurs (for example, the 3% and the 4" bids are equally high), a random device will be used
to determine who will receive the good. The price to be paid isthe next highest bid, in this example,
it would be the 5™ highest bid.
In order to demonstrate how the auction works, we will write down al bids on the blackboard and

explain how the price is determined. This is only done in the practice auction, not in the following
rea auction. You don't have to pay anything in the practice auction.

I1. Research Project:

Situations A and B are represented by the following payoff tables. Tables A (B) read as follows:

If you and the other person choose Y, each of you earns 150 cents.

If one of the two of you chooses Y and one of the two of you chooses X, choosing Y earns 500
cents and choosing X earns 0 cents (100 cents).

If you and the other person choose X, each of you earns 350 cents.

Payoff Table A
Number of Outcome number of outcome
Persons choosing X for X (cents) persons choosing Y for Y (cents)
0 - 2 150
1 0 1 500
2 350 0 -

Payoff Table B
Number of Outcome number of outcome
Persons choosing X for X (cents) persons choosing Y for Y (cents)
0 - 2 150
1 100 1 500
2 350 0 -
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Procedure:

We first run the auction and determine whether you are in situation A or B. You and everyone else
will remain in the same stuation during the whole study. Once you know whether you are in
situation A a B, you will have to decide between X and Y. You will be randomly matched with a
new person in each round. This procedure is repeated five times.

Round 1:
We now auction off n rights to participate in Stuation B in the next round. The n highest bidders
will each participate in situation B and pay the amount that the n+1" bidder offered. The m other
bidders will participate in Stuation A and pay nothing.
If atie occurs (for example, the n" and the n+1™" bids are equally high), a random device will be
used to determine who will be in situation B. The price to be paid is the next highest bid, in this
example, it would be the n+2" highest bid.
Please write on the Auction Form how much you want to bid in the auction, put it into the
envelope and then into the box which is passed around. We will privately inform you whether you
are among the n highest bidders in this auction or not.

After the auction, you know in which situation, A or B, you are. You are randomly paired with a
person who is in the same Situation as you are.

Please carefully read the corresponding payoff table, A or B, before making a choice. Indicate the
Stuation you are in, A or B, and your choice for Round 1, X or Y, on the Decison Form, put it
back into the envelope and then into the box which we will pass around.

End of round 1.

We will now determine your earnings according to your choice and the choice of the other person,
and privately inform each of you how much money you earned in this round. For this purpose, we
will again pass the box around. Please take the envelope marked with your code number out of the
box. It contains the Decision Form now aso indicating your earnings. Do not tell or show anybody
else your result.

Round 2:

You remain in the same Stuation as in round 1. Y ou are randomly matched with a new person who
isin the same situation as you are. Please again choose between X and Y from "your" payoff table.
Indicate your choice for ‘Round 2' on the decision form, put it into the envelope and then into the
box which we will pass around. We will compute your earnings again and privately inform each of
you how much money you earned in this round.

End of round 2.

Rounds 3-5:
The exact same procedure as in the previous round will be repeated.

END OF THIS STUDY.
Please put the Decision Form back into the envelope and then into the box. Keep your Code
Number Form! You will have to present your Code Number Form in order to receive your

earnings.
If you have any questions, please address them to Iris_ Bohnet@Harvard.edu

Thank you for participating in the study. Iris Bohnet
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Table 3: Cooperation ratesin dl periods

Periods 1 2 3 4 5
Assg. | A+B  36% 27% 15% 17% 8%
A 42% 21% 21% 13% 8%
B 29% 33% 8% 21% 8%
Auct. II-1  A+B  35% 31% 23% 27% 15%
A 10% 0% 0% 10% 0%
B 50% 50% 38% 38% 25%
Auct. II-2 A+B 25% 13% 13% 4% 8%
A 0% 10% 0% 0% 10%
B 43% 14% 21% 7% 7%
Auct. II-3 A+B  32% 14% 18% 9% 5%
A 0% 0% 13% 0% 0%
B 50% 21% 21% 14% 13%
Auct. I1I-4 A+B 30% 13% 23% 10% 3%
A 20% 5% 10% 5% 0%
B 50% 30% 50% 20% 10%
Auct. I1I-5 A+B 56% 11% 11% 17% 11%
A 50% 17% 8% 17% 0%
B 67% 0% 17% 17% 33%
Auct. I1I-6 A+B  30% 7% 7% 10% 3%
A 20% 0% 5% 5% 0%
B 50% 20% 10% 20% 5%
Auct. IV-7 A+B 43% 18% 11% 7% 14%
A 28% 6% 6% 6% 11%
B 70% 40% 20% 10% 20%
Auct. IV-8 A+B 31% 19% 4% 8% 8%
A 25% 19% 6% 0% 0%
B 40% 20% 0% 20% 20%

25



Table 4: Players firg-period contingent behavior over time

Treatments Period 1: Players' Periods 2-5: Share of players who
Experiences cooperate at least once (or more)
I: Assgned games C meets C (N=8) 75%
C meets D (N=9) 33%
D meets D (N=22) 41%
D meets C (N=9) 22%
II: MultiplelargeB-  C meets C (N=8) 63%
auctions C meets D (N=14) 43%
D meets D (N=36) 25%
D meets C (N=14) 29%
[I: Multiplesmdl C meets C (N=10) 70%
B-auctions C meets D (N=18) 17%
D meets D (N=32) 41%
D meets C (N=18) 28%
IV: Snglesmdl B- C meets C (N=6) 100%
auction C meets D (N=13) 8%
D meets D (N=22) 5%
D meets C (N=13) 15%

Table 5: Firg-period average bids (in cents)

Treatments Egoists’ bids Cooperators’ bids
Trestment 11 (large B) 110 (N=50) 236 (N=22)
Treatment I11 (smdl B) 157 (N=50) 295 (N=28)
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Table 6: Auction pricesin dl periods (in cents)

27

Periods 1 2 3 4 5
Auction 11-1 85 66 68 76 84
Auction 11-2 62 25 2 2 0
Auction 11-3 25 26 20 15 15
Auction I11-4 225 250 150 82 81
Auction I11-5 250 275 233 150 110
Auction I11-6 300 150 150 100 110
Auction IV-7 450 - - - -
Auction IV-8 350 - - - -
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