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Abstract

Laboratory experiments by Fudenberg and PathalOj2@hd Vyrastekova, Funaki and Takeuch
(2008) show that punishment is able to sustain e@djn in groups even when it is observed
only in the end of the interaction sequence. Osulte demonstrate that the real power of unob-
served punishment is unleashed when combined viifiereable punishment. Providing both
unobserved and observed punishment strongly enbaiumperation within groups — strikingly,
even with less intense sanctioning. This surprisggult underlines the importance of the co-
existence of observed and unobserved sanctionit@panésms in social dilemmas.
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1. Introduction

A large number of studies show that social sansteme a successful mechanism to attain coop-
eration in social dilemmas. Generally, there aghéi cooperation rates in groups whose mem-
bers observe others’ behavior and have the opptyrtitnpunish non-cooperation than in groups
without punishment opportunity. This is even triig@ersons interact anonymously for a finite
number of times and if punishment is costly for fhaisher (e.g., Fehr, Gachter, 2000, 2002,
Ostrom, 1990, Gurerk et al., 2006, Herrmann et28l08). In two recent articles, Drew Fuden-
berg and Parag Pathak (2010, hereafter FP) and\J@maatekova, Yukihiko Funaki, and Ai
Takeuch (2008, hereafter VFT) provide experimeptatience that subjects are willing to en-
gage in costly punishment even if sanctioned persoa informed about the punishment only
after the very last interaction (hereafter, we taboutunobserved punishmgnturthermore,
they find that cooperation rates underobservegunishment does not differ significantly from
cooperation rates undebservedunishment (i.e., when sanctioned persons arentg@d imme-
diately that they are punished). As such, theialtsprovide important insights into the motiva-
tion to punish non-cooperators. Given that playkrsstill punish even if any “repeated play”
explanations for punishment are ruled out by desilge results suggest a “pure preference”-
explanation of costly punishment (cp. Quervainlet2®04). That is, players seem to punish be-
cause they receive positive utility from carryingt punishment per se, rather than punishing
strategically to increase one’s own monetary payoftiture periods.

The results of our experiment indicate that thed peaver of unobserved punishment is un-
leashed when combined with observed punishmestidfects can use unobserved and observed
punishment mechanisms at the same time, coopereites are enormously enhanced — and,
moreover, with less intense sanctioning. This stgkfinding corresponds nicely to the co-
existence of unobserved and observed punishmeeiainworld social interactions: e.g., neigh-
bors spread rumors (which later ruin the defectepsitation) while they immediately litter rub-
bish in the defector’s backyard; colleagues stamtkplace bullying and do not pass on crucial
information as a reaction to peers' free-riding; 8toreover, our study provides a starting point
for exploring the interaction between unobservedighiment and other mechanisms that poten-
tially enhance cooperation in social dilemmas.

2. Experimental Design

To shed light on the interaction between observetumnobserved punishment, we conducted a
series of laboratory experiments. Participantsaar@nymously matched in groups of four and
play ten consecutive periods of the voluntary dbaotion game with punishment optiohEach

1 Participants know that the experiment terminatisr ten periods; the composition of the groumaims
constant throughout the entire 10 periods of theegrent, however, to prevent subjects from idgimd
each other across periods, they receive a randentifidation number between 1 and 4 at the begmoin
each period.



period consists of two stages. In stage one, ptagey endowed with 20 tokens each and simul-
taneously decide how many of the tokens to trarsfex group account. The sum of contribu-
tions to the group account are multiplied by 0.4l gnovided to each group member. Hence,
each player profits equally from the group accourdependent of his or her contribution. The
total sum of income within the group is maximizédli group members contribute fully, but
given any combination of other players' contribngipeach player could increase his individual
payoff by withholding his own contribution; so thaé can interpret the contribution as the play-
er's cooperation rate. In stage two, after havihgeoved the contribution decisions of all group
members, each player can assign up to ten sanwjiquints to any other group member. Each
point costs one token for the player who assignahitle reducing the earnings of the player who
receives the point by three tokens. Finally, aflyeks are informed about their own income in
this period, respectively about their total earsiradter the last period. Assigning punishment
points constitutes a second-order public goodgralip members would jointly benefit from dis-
ciplining non-cooperators, but given that punishimercostly, each player has an incentive to
free-ride on others’ sanctions. (Not only) econdsisave frequently pointed out that selfish
players should not be expected to punish in thigefinrepeated version of this game. Conse-
quently, players anticipating this should also &ectant to contribute to the initial public good
in stage one for the same reasons. The subgamecpblidish equilibrium under the assumption
of self-centered, money-maximizing preferencesist) no sanctions on the second stage, and
i) only minimum contributions in the first stage.

Our first treatment implements a regular sanctigmrechanism witlobservedounishment, that

is, at the end of each period each subject rec@newdiate feedback on the amount of sanc-
tions that he received (treatmedtin the following) (cp., Herrmann et al., 2008).eTkecond
treatment replicates FT and VFP, implementing &tsamng mechanism witkinobservegun-
ishment. Received punishment points are not imnbelgtiaevealed, but are accumulated over all
periods. Only after the final period of the expezin) subjects get to learn the accrued points and
corresponding sanctions are deducted (treatidgnEinally, the third treatment is novel as it
featuresboth mechanisms at the same time (treatn@nt)): players can choose in each period
how many observable and how many unobservableisaimg points they want to carry out.

In total, we ran 9 sessions with 23 groups (92extb), resulting in 8 independent group obser-
vations each in th® andO+U treatments, and 7 independent group observatiotiselJ treat-
ment? The computerized experiments were conducted in Bor2008® For comparison, we
also include the data of a regular voluntary cbotion mechanism experiment without any pun-
ishment (treatmenyCM).*

Supporting materials and methods are reportéaeippendix.

We used zTree (Fischbacher, 2007) for the exymaris, and ORSEE (Greiner, 2004) for the recruitmen
Data for the/CM was provided by Herrmann et al. (2008), who raMEM in the same laboratory using
exactly the same set of parameters.
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Fig 1. Average contributions over periods and treatment conditions
3. Results

Figure 1 illustrates the average contributions diwee for the treatment conditions. While con-
tributions in the absence of punishment exhibitubkeal decline over time, the three sanctioning
mechanisms foster cooperation. Average distribstionall three punishment conditions are
higher than invCM.> Contributions irO rise over time and are maintained almost oveetiige
course of the experiment. A similar (though lesstidct) effect is observed . There is no
significant difference between average contributevels in treatment® andU.® Even if we
focus on the first five or on the last five periptigere are no significant differencesStrikingly,
comparisons betweed+U andO as well as betwee@+U andU reveal significant differences,
economical as well as statistical. Contributionth@O+U treatment are higher than in the other
treatments throughout the entire experinfeinterestingly, contribution levels are alreadytg
from the outset, which suggests that subjects cty) anticipate that the combination of both
mechanisms is an extremely effective discipliniegide.

5 We use exact two-sided rank-sum tests, herenatig following with group averages over all tesripds as
independent observations; companif@Mto O+U, O,andU: p<0.001, p=0.03, and p=0.07.

Exact rank-sum test, two-sided; p=0.69.

Exact rank-sum tests, two-sided; p=0.87, and38-0

Exact rank-sum tests, two-sided; overall p=0.808 p=0.015, first period p=0.006 and p=0.087.

w0 ~NO®
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We observe no significant differences between timalver of sanctioning points distributedGn
(on average 0.43 points) aht(on average 0.5)In O+U, where both types of points are avail-
able, subjects assign on average 0.13 observabies@nd 0.09 unobservable points. Observa-
ble and unobservable points seem to be substiiuteme another, rather than a complementary
means, because only 16% of all punishment decisin®s-U use both type of points simultane-
ously.

Interestingly, our results suggest that althoughdboperation is strikingly higher @+U, this
increased cooperation is associated with lessseteanctioning. Specifically, Probit regressions
indicate a significantly lower probability that pirs assign either observed or unobserved sanc-
tioning points (irrespective of the number of pe)nt-urthermore, Tobit regression results show
that the number of both types of points assignededeses significantly i®+U compared to the
other treatment conditions, even when controlliog the differences in contributions between
the treatment¥® This finding is also reflected in the sanctionaféectiveness of observed sanc-
tioning points. Sanctioning effectiveness is dedies the change in players’ contribution (be-
tween the period where they were punished andubsesjuent period) per observed sanctioning
point. Average sanctioning effectiveness in condgiO andO+U are shown in Figure 2. We
find an average sanctioning effectiveness of On6the O condition, i.e., the sanctioned player
increases his or her average contribution by M&&rts in the subsequent period. In contrast, we
find a significantly higher average sanctioningeeffveness of 2.12 in ti@+U condition!! The
effect of punishment on contributions is more thd@pled when observed sanctions are accom-
panied by (the fear of) unobserved sanctions, ngagimishment highly productive in ti@+U
condition compared to tHe condition.

Finally, Figure 3 shows the development of efficeer defined as players’ average monetary
payoff — over time. On average, players earn 2&érs (out of a maximum of 32) @+U, 21.8

in U, 23.3 in0O, and 25.5 ilVCM. Thus, average efficiency is highest in eU condition!?
while, compared to treatmeXCM, both sanctioning mechanisms in isolation do eatllto bet-
ter efficiency rates® Still, the mere fact that both sanctioning meckis are jointly available
tremendously increases the efficiency of group esation within only a few periods — and fur-
thermore does so without the substantial shortefficiency losses due to punishment. In our
view, this ultimately underlines the benefits of@mbination of observed and unobserved pun-
ishment in social dilemmas.

9 Exact rank-sum test, two-sided; p=0.61.

10 See the supplementary material in the Appefuiregression details.

11 Exact rank-sum test, two-sided; p=0.04.

12 Exact rank-sum tests, two-sided, compa@nd) to O, UandVCM: p=0.02, p=0.01, and p=0.03.

13 Exact rank-sum tests, two-sided, compa¥xi@M to O andU: p=0.27 and p=0.12; we might expect, howev-
er, the sanctioning mechanisms to enhance effigiédrthe number of periods were sufficiently largeg for
this Gachter et al., 2008.
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4. Discussion

The laboratory experiments by Fudenberg and Pa#tsakvell as Vyrastekova, Funaki and
Takeuchi show that the availability of unobservediiphment leads to stable cooperation in so-
cial dilemmas, however, like in the case of obdeley@unishment, at the cost of efficiency loss-
es in the short run. Our findings demonstrate tinatco-existence of both potential threats leads
to higher cooperation and yields tremendous efiityegains. The mere existence of unobserved
punishment more than triples the sanctioning effeoess of observed punishment, while over-
all sanctioning expenditures are significantly restll

We interpret our results such that observed samcserve as warning signs of harsh unobserved
consequences. One might hypothesize that this meshaelies on some kind of deeply rooted
human experience to avoid provoking latent paylaal., a later passionate burst of anger). In
this spirit, our experiment demonstrates the berafeffects of the co-existence of observed and
unobserved sanctioning mechanisms in social dilesnbaie to its appealing simplicity and
practicability, one should consider unobserved ghimient as an important complement that ef-
ficiently stabilizes cooperation in societies.
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Appendix

Appendix A provides a detailed description of tixperiment and the instructions. We report a
detailed analysis of sanctions in Appendix B.

Appendix A: Experimental method

At the beginning of each session, participantstbattaw lots, in order to assign each of them to
a cubicle, where we asked them to take their Seatgediately. Once all subjects were seated,
instructions were distributed and read out aloufferfvards, participants could pose clarifying
questions to the experiment supervisor in privRtgticipants then had to answer a set of control
questions to ensure that everybody had understeodameé? Control questions were corrected
individually, and wrong answers were explained gwy. Participants were randomly and
anonymously matched in groups of four players edatle. composition of the group remained
constant throughout the entire 10 periods of theeament. To prevent subjects from identifying
each other across periods, each received a rarglemtification number between 1 and 4 at the
beginning of each period.

Altogether, 92 subjects, mostly students from timéversity of Bonn majoring in various fields,
participated in the experiment (10 percent were-stadents). Mean age was 24.5 years (stand-
ard deviation 5.5 years), 62 percent were fem&ash subject participated only once in the ex-
periment, that is, there were different subjectednh treatment. None of the subjects had partic-
ipated in a public-good experiment before. A sestagted for about 60 minutes. Tokens earned
were accrued over all periods and converted akehamge rate of 3 Euro per 100 tokens. Partic-
ipants were paid out individually to ensure theioaymity. They earned on average 13.86 Euro
(standard deviation 1.45 Euro), including a showagof 5 Eurd?®

English translation of the German instructions for the O+U condition *°

General explanations for participants

You are taking part in an economic science exparimé you read the following explanations
closely, you can earn a rather significant sum ohay, depending on the decisions you make. It
is therefore very important that you pay attentmthe following points.

14 Questions are almost identical to the contuelstjons of Herrmann et al. (2008).

15 13.86 Euro corresponds to $17.60 (as of Nover2@e8). Notice that since actual period payoffaldde
negative due to costs for deduction points or tlrighment of deduction points (which rarely occdjrall
players received an additional endowment of 50risla the beginning of the experiment. No playerwaed
an overall negative payoff at the end of the experit.

16 Instructions for th®, resp. for thelU condition, were identical except for the omitteattp referring to im-
mediate, resp. mediate punishment points. Screéfased accordingly.

9



The instructions you have received from us arenuhée solely for your private information.
During the experiment, you will not be allowed tmmunicate with anyone. Should you have
any questions, please direct them directly to us. &biding by this rule will lead to exclusion
from the experiment and from any payments.

In this experiment, we calculate in Taler, rathert in Euro. Your entire income will therefore
initially be calculated in Taler. The total sumTdler will later be exchanged into Euro as fol-
lows:

1 Taler = 3 Euro cent
The accumulated amount will be paid to you in castine end of the experiment.

The experiment is divided into separate periodsottsists of a total of 10 periods. Participants
are randomly assigned into groups of four. Eaclugyrdhus, has three further members, apart
from you. During these 10 periods, the constelfatbyour group of four will remain unaltered.
For 10 periods you will therefore be in the sanmugr Please note that the identification number
assigned to you and the other members of the gtbapges randomly in each period. Group
members can therefore not be identified as theogerprogress. Each participant will receive
from us 50 Taler, with which possible losses cartduenterbalanced. The following pages out-
line the exact procedure of the experiment.

Information on the exact procedure of the experiment
Step 1

At the beginning of each period, each participardliotted 20 Taler, which we shall henceforth
refer to as his endowment. Each player than haet¢ae how to use his endowment. You have
to decide how many of the 20 Taler you wish to pdag a project and how many you wish to

keep for yourself. The consequences of your detiasie explained in greater detail below.

10



At the beginning you will see the following contiiion screen:

Period
Remaining time [sec): 107

In this period you are group member 1
Step 1
You receive in this period an endowment of 20 Taler.

Out of these 20 Taler you pay ...

... into the project: \I’

(=

In the left upper corner of the screen you willdfithe period number. In the right upper corner
you will find the remaining time for your decisiom $seconds.

Your endowment is 20 Taler in each period. You makie@sion on your project contribution
by typing any integer number between 0 and 20 tindoappropriate field on your screen. This
field can be accessed using the mouse. As soonualaue determined your contribution, you
have also decided on how many Taler to keep forsgifj i.e., 20 — your contribution. Once you
have typed in your contribution, please click om@wue, again using the mouse. Once you have
done this, your decision for this period is irresible.

Period
Remaining time [sec]: 117

Step 1

Your contribution: XXX
Sum of all contributions: XXY
You have kept for yourself: XYX
Yoqr inf:ome gained from the YXX
project:

Your income: XYY

11



Once all members of the group have made their id@sisyou will be told how high the total
sum of contributions from all group members (inahgdyour own) to the project is. In addition,
you are informed about your own contribution arel tiumber of Taler kept by you; you are also
told how many Taler you have earned in total duhep 1.

Your income therefore consists of two parts, namely
(1) the Taler you have kept for yourself
(2) the "income gained from the project”. Your inedfrom the project is calculated as follows:
Income from the project
= .4 x total sum of all contributions to the prdjec
Your income in Taler in each period thus equals
(20 — Your contribution to the project) +.4x (tosalm of contributions to the project)

The total income at the end of Step 1, in Talecalkulated according to the same formula for
each member of the group. If, for example, the séithe contributions from all group members
adds up to 60 Taler, you and all other members sss#ive a project income of .4x 60 = 24 Ta-
ler. If the group members have contributed a tofa® Taler to the project, you and all other
members each receive an income of .4x 9 = 3.6 Tiaer the project.

For each Taler you keep for yourself, you earnrexorine of 1 Taler. If, on the other hand, you
contribute one Taler from your endowment to yowugr's project instead, the sum of the con-
tributions to the project increases by one Taleryour income from the project increases by .4x
1 = .4 Taler. However, the income of each individgaup member also increases by .4 Taler,
so that the group’s total income increases by .4x146 Taler. The other group members thereby
also profit from your contributions to the projelet.turn, you profit from other members’ contri-
butions to the project. For each Taler contributedhe project by another group member, you
earn .4x 1 = .4 Taler.

Step 2

In Step 2, you can decrease, or leave as it isindwme of each individual group member by

giving points. You have the opportunity to assigio different types of points, immediate and

mediate points. The income reduction through immitedpoints takes place at the end of each
period. The income reduction through mediate pdiakes place only at the end of the experi-
ment. This means that mediate points you havevedahroughout the experiments will be ac-

cumulated and deducted from your total income atethd of the experiment. All other group

members are allowed to decrease your income, fttloey so wish. You will see this when con-

sidering the input screen of the second step.

12



You will be shown on the screen, along the numbepeafods and the remaining time, how
many Taler each individual group member has contribtdaehe project. Your contribution will
be shown in the row “You”, while the contribution$ the other three group members will be
shown in randomly changing rows over periods.

Period

Remaining time [sec): 110

Step 2
Groupmember Contribution Immediate points Mediate points
You XXX
Group member 2 YYY | || |
Group member 3 YXY | || |
Group member 4 YYX [ I[ |

Your income in Taler from step 1 is: XYY

You now have to decide for every group member abdmitcombination of two types of points
you wish to assign to them. It is compulsory to eateaumber at this stage. If you do not wish to
alter a certain group member’s income, please iflsdftyou want to assign points you have to

choose a number greater than 0. You can operakenvitie fields by using the tab key or the
mouse.

When assigning points, you incur costs in Talerchkdepend on the number of points you as-
sign to the individual players. The sum of immeditel mediate points per group member and
period need not to exceed 10. The more points ysigra$o an individual player, the higher your
costs are. Your total costs in Taler are calculatedhe sum of the costs of points that you as-
signed to all other group members. The followingrfola shows the connection between the
points distributed to an individual group member #relcosts of such distribution:

Costs for assigned points = sum of immediate andateedoints (in Taler)

Each assigned point costs you 1 Taler. For exanfpyeu have assigned 2 points to one mem-
ber, your costs are 2 Taler; if, in addition, yasign 9 points to another group member, your
costs are 9 Taler; if you assign the final group men® points, you have no costs. Your total
costs are therefore 11 Taler (2+11+0). As longashave not yet clicked on Continue, you may
still change your decision.

13



If you assign O points to a certain group membeu, go not alter this group member’s income.
If you assign 1 point (choosing 1) to a group memieu decrease this particular group mem-
ber’'s income from Step 1 by 3 Taler. If you asstgmoints to a group member (choosing 2), you
decrease his income by 6 Taler etc. Each pointatéal by you to a particular group member
reduces the group member’s income from step 1 Dgi&r.

By how much a group member’'s income from Step feduiced overall depends on the total
number of points received. If, for instance, onanher receives a total of 3 points from all other
members, the income in Step 1 is reduced by 9 Tihlamember receives a total of 4 points, the
income in step 1 is reduced by 12 Taler.

A person who receives immediate points will be infed about the income reduction immedi-
ately at the end of each period, but without kn@nivho assigned these points to him. The re-
duction of income by mediate points will be reveatet after each period, but only after the
final period of the experiment. This means thatedeived mediate points are accumulated over
periods and are deducted from the total incomer difte experiment, without detailed infor-
mation on the period and the group member who kag@ed these points. For your total in-
come at the end of step 2, it follows that:

Total income at the end of step 2 = Period income
= Income after step 1

— 3% (sum of received immediate points)
— cost of points assigned by you

Please note that your total income at the endegf 8tcan become negative if your costs for as-
signed points exceed your income after step 1 mihasreduction of your income due to re-
ceived immediate points.

Once all members of the group have made their idesisyou will be informed about your peri-
od income in the following screen:
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Period

Remaining time [sec): 116

Step 2

Your income from step 1: XYY
cost of points distributed (in Taler): “yyy
Immediate points you have received: XXX

Your Income reduction due to receid R
immediate points (in Taler): el

Your Taler income in this period: XYX

(I

Your total income at the end of the experiment exjtted sum of all period incomes minus the
sum of mediate points:

Total income (in Taler)
= Total sum of period incomes 1)
— 3% (sum of received mediate points) (2)

(If the deduction (2) is larger than the sum ofigeincomes (1), your income is 0 Taler.)

Do you have any further questions?
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Appendix B: Analysis of punishment

We focused on the intensity and effectiveness séoled and unobserved sanctions in our main
text. To supplement the reported findings, thigisacdescribes subjects’ sanctioning behavior
in more detail.

We report in the paper that the strikingly high iegof cooperation i®+U is obtained by less
intense sanctioning: In the absence of additionatrols, a comparison of the average sums of
points is insignificant’ However, an important — but often neglected — @sipecomparing the
average punishment over all observations is thetfat contribution levels also differ between
treatments. The question then is whether sanctioness intense ceteris paribus, i.e., after tak-
ing the high cooperation levels in treatm@&+U into account. Our analysis of sanctioning effec-
tiveness already point into this direction. To s¢ré further, we compare the sanctioning intensi-
ty across treatments for a given kind of “condumt™norm violation”. Following the previous
literature on social sanctions (e.g., Herrmannl.e2808), we define the conduct by the differ-
ence in contributions between the punisher (denageg) and the sanctioned persop) (g the
idea being that the difference in contributions.(ig—g) measures the severity of the norm vio-
lation.

mean number of total punishment points

[-20:-16]  [-15,11]  [-10,-6] [-5,-1] 0 [+1,+20]

N o+u u
B o

Fig. Al: Average amount of punishment (observable and unobservable)

17 Exact rank-sum test, comparidgand the average sum @+U, resp. comparin@ and the average sum in
O+U yields p=0.24 and p=0.12 (two-sided).
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Figure A1 compares the punishment intensity foedixntervals of norm violations between our
three treatments. We observe that punishme@tHb is less intense for almost all categories of
norm-violations, suggesting that, ceteris pariess intense sanctioning is required to obtain the
cooperation irD+U. As we will see below in the regression analyigs even holds true after
controlling for the other group members’ contributievels.

Before turning to this issue, let us turn to themdmenon of anti-social punishment as it is visi-
ble in the right-hand bars in Figure Al above. ieantesearch already demonstrated that pun-
ishment is sometimes used anti-socially, thatdspas which benefit the society are occasional-
ly sanctioned (e.g., Herrmann et al., 2008). In gaime, this happens if a player receives pun-
ishment points from someone who contributed lesgsh@ same) amount than he or she did. We
denote this as anti-social punishment, while werréd pro-social punishment if points are as-
signed from a player who contributed more thanréogpient. Interestingly, neither unobservable
(treatmentU) nor the combination of unobservable and obseevabhctions (treatme@+U)
seems to increase the amount of anti-social pureshin our groups (in the rightmost interval
of Figure Al). This can also be seen in Table Albwewhere we report descriptive statistics of
distributed sanctioning points (as well as sanatigreffectiveness) across treatment conditions
(we report observable points pgoints, while unobservable points agoints) both for pro-
social and anti-social instances separately.

Furthermore, we conducted a regression analysighioh we differentiate between pro-social
and anti-social sanctions. Our regression restiless that punishment is significantly less in-
tense inO+U. Interestingly, we also find no evidence that -softtial punishment is predomi-

nantly executed by observable or unobservable porest points if both sanctioning mecha-
nisms are applicable (i.e., in treatméntU).

Table Al: Descriptive statistics of sanctioning points

U O o+U

p (observ. sanctions) 0.43 0.13
p ( pro-social) 0.76 0.64

p (anti-social) 0.27 0.03

s (unobserv. sanctions) 0.50 0.09
s (pro-social) 0.90 0.34

s (anti-social) 0.22 0.04

sanctioning effectiveness 0.22" 0.67 2.12

For our regression analysis, let us define thedwmmy variablesplo and ko which equal one
if playeri assigns observable, resp. unobservable, punishmoérts to playej, and zero other-
wise. kso and ko are the dependent variables in two distinct estona. Further, as independent

18 Notice that this number represents the “ardieig” sanctioning effectiveness of an unobservedtpo U.
Of course, this number is purely hypothetical asighed players do not receive feedback on unobkkerva
points. ForO andO+U, we report the sanctioning effectiveness of oledale/points.
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variables, we introduce the contributignof the person punished, the contributions of #e r
maining two group membefSy=gx + g, k,| #1,j, and the absolute difference between contribu-
tionsd;* = |[max@i— g;, 0)| andd;” = |min@ —g;, 0)|- We also add a dummy variahlg, indicat-

ing theO+U condition, and interaction terndg” 1o, andd;” Io.. Thereforeg; indicates the ef-
fect of the contribution of playgron the probability of being punished, whiB shows the
effect of the contributions of other group membéandjcating whether being in a group of free
riders or a group of full contributors affats punishment decision. The two difference measures
allow us to estimate how the (absolute) differebetwveen the punished player's and punishing
player's contributions affects the decision togsgioints. We differentiate between positive dif-
ferencesd;") and negative differenced;{). Significant positive coefficients fak" suggest pro-
social punishment, whereas significant positiveffadents for d;~ suggest anti-social punish-
ment. Finally,lo., di lo.u, anddij+ losu Show differences between tkerU and theU (for the
dependent variable.h) and between th®+U and theO condition (for the dependent variable
lp-0), respectively? Table A2 reports the estimation results for themmarginal effects of the
independent variables in a probit regressfon.

The econometric results underline what we obseal®e in Figure Al. We find evidence for
pro-social and anti-social punishment both withestsaed and unobserved points. The difference
between contributions influences the decision wéretb punish or not to punish, as it is indicat-
ed by the significant positive marginal effectsdgf andd;*. However, the punished player's
absolute contribution level influences the proligbthat unobserved and observed punishment
occurs. As one would expect, the probability desesafor higher contributions. Likewise, in-
creasing the contributions of the other playersificantly increases the probability that pun-
ishment occurs. Most importantly, the significarggative marginal effect of the treatment
dummy shows that there is a significantly lowerhaoility in O+U for unobserved and ob-
served punishment as soon as we control for th&ibation situation, i.e., for the contribution
differences across treatments.

The same picture emerges if we look at the numbpoints rather than at the decision to punish
or not. To see this, let us consigeainds as dependent variables in our second regressaig-an
sis. Notice thap ands are censored in the interval zero to ten, sowaapply a Tobit regres-
sion (note that the results are qualitatively tames if we use different regression models, e.g.,
OLS). We use two distinct estimations: onegand one fos; as independent variables, we use
the same variables as in the first two regressidgain, the variables.y, dj lo.u, anddij+ lo+us
indicate differences between t@2-U and theU (O) condition. Table A3 reports the estimation
results for the mean marginal effects of the indejeat variables in a robust least square regres-
sion?!

19 Of course, the first estimation contains onibgervations from th©+U and theU conditions, while the
second estimation contains only observations ftoam®©tU and theO conditions.

20 Standard errors are clustered for each groaptbe entire 10 periods.

21 Again, standard errors are clustered for eaghpgover the entire 10 periods.
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Table A2: Mean marginal effects of the Probit estimation

dependent Ip>0 ls>0
independent
g; —0.007* —0.010**
(0.004) (0.005)
d;” 0.020*** 0.017**
(0.007) (0.007)
di~ 0.010*** 0.012**
(0.003) (0.005)
Gy 0.005** 0.007***
(0.002) (0.002)
lo+u -0.121** —0.120**
(0.047) (0.056)
di" losu -0.019 -0.023
(0.070) (0.121)
dj lo+u -0.012 -0.011
(0.045) (0.061)
number of observations 1920 1800
logLik —545 -509
PseudoR? 0.28 0.29
Wald test (7) 619*** 295%**

Note: Standard errors are reported in parenthesis. *** indicates significance at a p < 0.01 level, ** ata p <
0.05 level and * at a p < 0.1 level. Marginal effects are evaluated at the means. The constant terms of the
models are —1.579*** (0.394) and —1.584** (0.682). The number of observations is reported along the log
likelihood (logLik) and the fitness of the estimation by means of the PseudoRz2. Finally, the Wald test indi-

cates the significance of the estimation’s improvement against the null model.

Results again indicate important treatment diffeesnwith respect to the number of observable
and unobservable punishment points assigned. Bgnifisant negative marginal effects for,|
show that players assign less observable and unalide punishment points. Moreover, the
weakly significant marginal effect of the interactid; *1o.y indicates less pro-social punishment
for unobservable points. Interestingly, there isen@ence that anti-social punishment is mainly
done using unobservable points if both sanctionieghanisms are available (i.e.,@aU): the
marginal effect ofdj 1o+y is neither significantly negative in regressiondalofor observable
points nor significantly positive in the regressimndel for unobservable points. Concerning the
other independent variables, qualitatively simitsults as in the probit regressions are found.
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Table A3: Mean marginal effects of the Tobit regression

dependent p s
independent
g; -0.119* —0.178**
(0.073) (0.079)
d;” 0.294*** 0.365**
(0.089) (0.181)
di~ 0.173*** 0.230***
(0.041) (0.083)
Gy 0.094*** 0.108***
(0.030) (0.033)
lo+u —2.290%** —2.163**
(0.775) (0.980)
di" losu —0.043 —-0.236*
(0.046) (0.127)
dj lo+u -0.129 —-0.053
(0.078) (0.101)
number of observations 1920 1800
logLik —-981 -915
Pseudo R? 0.18 0.19
F test (7, number of observations) 26.46*** 45,21 %**

Note: Standard errors are reported in parenthesis. *** indicates significance ata p < 0.01 level, **ata p <
0.05 level and * at a p < 0.1 level. The constant terms of the models are —4.581*** (1.164) and —4.547**
(2.177). The number of observations is reported along the log likelihood (logLik) and the fithess of the
estimation by means of the PseudoRz. Finally, the F-test indicates the significance of the joint coefficients.
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