Topics in Behavioural Economics:

Information and Fairness

Inaugural-Dissertation
zur Erlangung des Doktorgrades
der
Wirtschafts- und Sozialwissenschaftlichen Fakultat
der

Universitat zu Koln

2012

vorgelegt von

Dr. Philip Alexander Rajko

aus Biunde



Referent: Prof. Dr. Axel Ockenfels

Korreferent: Prof. Dr. Georg Gebhardt

Tag der Promotion: 14.12.2012



Acknowledgments

First of all, I would like to thank Axel Ockenfefer supervising this thesis. He made
my work possible and supported my research in altens. The discussions with him
have always been an inspiration and propelled my twnking. In this regard | am also
indebted to Georg Gebhardt for his valuable input for referring my thesis. In addi-

tion, | am very grateful for the ideas, joint dissions and contributed skills of my co-
authors Axel Ockenfels, Roman Inderst, Georg Getih#litali Gretschko and Christo-

pher Zeppenfeld.

Moreover, | cannot thank my colleagues enoughHeirtcontinuous support. They pro-
vided me with invaluable conversations on: varichallenges with my thesis, some
personal challenges, the application and limitaioheconomic theory and life in gen-
eral. | am certain that in retrospect, these wal/édn been the most valuable lessons
learned during the past three years. The main sseus were: Julia Stauf, Vitali Gret-
schko, Peter Werner, Lyuba llieva, Felix Ebelingdh Trhal, Felix Lamouroux, Julian
Conrads, Johannes Mans, and Philipp Tillmann. Alsam indebted to Johannes
Wabhlig, Andreas Pollack, Markus Baumann, Gregorn8thand Michael Christescu

for providing excellent research assistance.

Finally, | dedicate this thesis to my family. Jqgsiporis, Benjamin and Nicolas Rajko
have always and unconditionally supported my effartd readily overlooked my pecu-

liarities.

Alexander Rajko



Table of Contents

I 0 To 1§ [ 1[0 o TP PPUUPPP PP 1
2 Excess Information ACQUISItION iN AUCHIONS ...cceeeiiiiiiiiiiiiiiiiiiiee e e e e eeeeeeeeiieeees 5
P2 A | 01 o To (3 Tox 1 o] o H PP PR PP PP PPPPRPR 5
2.2 Model and Equilibrium Properties............ceeeeeeeeiiiiieieeiiiiiiieen e 6
2.2.1Related LItEratUre ...........uuuueiiieeiiieemmmeiiiiiiiiiee et et e e e e e e e e e e e nnenes 6
2.2.2 The Rational Expected Value Model and Equilibriurogerties............... 8
2.3 Experimental Design and ProCedures ........ccueuuurreeiiiiiiiiiieeeeeeeeeeeeeennnnns 11.
2.4 Experimental Analysis and ReSUILS .........oorrriiiiiiiii e 14
2.4.1 Excess Information ACQUISITION ............ovieeeeeivvuneiiieaeeeeeeeeeeeeeeeeeeeeanannnns 14
2.4.2 Premature Information ACQUISITION...........cemmmeeeeeeieiiiiiiiiinanee e e e e eeeeee 16
2.4.3Underbidding BENaVIOUT .........ccooiiiiiie e 17
2.4 4FUrher ANAIYSES .....cooviiiiiiiiiiiiee et e e e e 18
2.5 DISCUSSION ....uutiiiiiiiiiiiiiiteie e e e e e e e e s mmmmm bbbttt et ettt e e e e e e e e e e e e s s s s s s mnnnneeaaeeaaeens 19
2.5. 1 RISK AVEISION ...t e e e e e e e e e e 20
2.5.2Regret AVOIJANCE .........cooveeeiiiiiicecete e e e e e e e 21
2.6 Conclusions and OULIOOK............uuuuuuiieeeeeiii e 25
A L o o 1= T [ USSP 26
2.7. 1 AAdItioNal RESUILS ...ttt e 26
2.7.2INSIIUCTIONS ...ttt emmmme e e e e e e e e e e e e neeeaes 28
3 Demand for Non-Instrumental Information in AUCtIONS.............ooovviiiviiiiiiiinnennnn. 32
I 0 A | 01 (o o (3 Tox 1 o] o H PP PP PR R PP 32
3.2 Related Literature and HYPOthESES .........commeeeeiiiiiiiiiiiiane e 33
3.3 Experimental Design and ProCedures .........ceeeuereeiiiiiiiieeeeeeeeeeeeeennnnnns 35.
3.4 Experimental Analysis and ReSUILS ........cccooor i 36
3.4.1 Excess Acquisition of Non-Instrumental Informatian.......................... 36
3.4.2BiddiNg Strat@gIeS ......coiiiieii et 38
3. 4.3FUMNEr ANAIYSES ....coeeeeeeeeeiiie et e e e e e e e e aes 41
3.4, ADISCUSSION ...eeiiiiiiiiiiiiiiiaa e e e e e e e e e e e e e e e eettabab e s e e e e e e e aeeeeaeeeeeesnnennes 42
3.5 Conclusions and OULIOOK............eeiiiiiiieeeeeeeiiieiieee e 43
TSI Y o] o 1=] o T [ PP UUUTTPPPPPPPTRR 44
3.6 LINSIIUCTIONS ...ttt e e e e e e e e e e neeeaes 44
4 Risk and Ambiguity in Global Games..........cccoeeii i 47
vt I [ o1 (o o 18 ox 1o o (RS TPPRPPP 47



4.2 Global Games Theoretical Predictions and Hypotheses................ccceeeveeeeee 48

4.2.1 The Speculative Attack Game............coiieemccciiiee e 48
4.2.2 The Game with Risk and AmMDIgQUIty............commmmeeiiiiiii s 49
4.2.3 Equilibrium Properties and Hypotheses.........cuuevciiiiiiiiiieeeiiieeeeeie 51
4.2.4Related Experimental Literature ............ocoeeeeeiiieiiieiiiiieeeeeeii 53
4.3 Experimental DeSIQN ........coovvviiiiiiiiieeee e e e e e aeeeeee e 54
4.4 Experimental Analysis and ReSUILS ..o 56
4.4.1 Undominated Switching Strate€gies ...........ccceeeervvveeeeriiiiiiree e e 56
4.4.2 Excess Aggressiveness and Best Response Behaviaur.................... 56
4.4.3 Opposite Effects of Risk and AMDIQUItY ... eeeeeeeiiiiiiiiiiiiiieeeeeeee, 59
4.5 CONCIUSIONS. ....utitiiiie ittt ettt e e e e e e e e e e e e e e eeeeeeneeeeeeeenees 63
7 Y o] o 1= T [ USSP 65
5 Disclosing Conflicts Of INTEreSE ........ueiiiiiieieee e 70
5.1 INEFOTUCTION ...cceiiieieeee et e e e e e e e e e e e s mnnnnr e e e e e e eeas 70
5.2 Related Literature and HYPOtNESES ... eeeeeeiiiiiiiiiiiiiiiiianae e e e e 71
5.2.1Related LItEratUre ..........uuuueiiieiiiieeimemeeiiiiiiieieeeeeee e e e e e e e e e e e e ssnnees 71
5.2.2 Theoretical Predictions and Hypotheses ... 72
5.3 Experimental Design and ProCedures .........ccuuerieiiiiiniieeeeeeeeeeeeeeeeeiens 4.
5.4 ReSUItS @and DISCUSSION ....cceiiiiiiiieeieiieieieee e e e e 76
5.4.1Main Experimental RESUILS ..........ccooviiiiiiiiii e 76
5.4.2 Results of Sender BENaVIOUT ...........oooiiiiiiieiiii e 78
5.4.3Results of Receiver BENAVIOUT ..............comm e eeeeeiiiieeeeeiiiiiiee e 79
5.4.4Gender EffECE .....ccoiiiiiiiiiiiii et e 81
5.4.5SUDJECE'S BeIIETS... .o 82
5.4.6 Behaviour TYPE ANAIYSIS ....uuuuiiiiiieee e eetiasess s s e e e e e e eeeaeeeeeesenennnnnns 84
5.5 Conclusions and OULIOOK.............uuuuuiiceeeeiiiier e 86
LT Y o] 01T T L5 PSP 87
5.6.1 Additional RESUILS .....coooieeiii e 87
5.6.2Behaviour Type DefinitioNS .........cccoviiiiieeeeee e 88
5.6.3INSTIUCTIONS ..ottt e e e e e e e e e e eeeeeeeee s nnnnnees 89
6 Two Dimensional Fairness in a Real Effort Game..............cccooeviiiiciiiviininnneee, 4.9
6.1 INtrOAUCTION ...ttt e e e e e e e e e e e e e e eeeteeeeneeeeeenennns 94
6.2 Related LItErature ...........ueiiiiiiiiiie et 95
6.3 Experimental Design and ProCedures .........ciiiiiueiiiiiiieee e eeeeeeeeeeinens 96.
6.4 Model of Tow-Dimensional Fairness and Hypotheses...............ccccceceeeeeennnn. 98

-V -



6.5 Experimental Results

.............................................................................. 101
6.5.1 Working Times in the Real Effort Task .......cueeevviveeveiiiiiciiiiene. 101
6.5.2 Monetary Offers in the Redistribution TreatmentS...........ccccccceeeeees 101
6.5.3 Self-Serving Bias EffeCt............uuiiiiiie e 03
6.6 CONCIUSIONS.....cciiiiiiieieie e a e e e e 105
A Y o 01T T [ PP 107
6.7.1 Additional RESUIS ......ueiiiiiiee et 107
B.7. 2 INSTIUCTIONS ....eveiiiiiiiiee e rmmmmme ettt e e e e e nnnees 107
A O] o1 115 [0 o - PR SRRRPPP 113
BibDlOGrapy ...ceeeeeieicee e ———————————— 116

- VI -



List of Figures

Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 2.5:
Figure 2.6:
Figure 2.7:
Figure 2.8:
Figure 3.1:
Figure 3.2:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 6.1:
Figure 6.2:
Figure 6.3:

Equilibrium Information Acquisition Dison of Bidder ................cceee... 10
Frequency of Information AcquisitionigH COSt)............oeeeeeeiiiiiiiiiiiiiinnns 14
Frequency of Information Acquisitioroflz Cost) ......ccccovveeeeeeiiiiiiiiiiiiiiinns 15
Development of Information ACqUISItIBrRQUENCIES..........cveieiiieeeeeeeeeeeee. 15
Individual Frequency of Information Agsjtion (2nd Price Low)............. 26
Individual Frequency of Information Agsjtion (English Low)................. 26
Individual Frequency of Information Agsjtion (2nd Price High) ............ 27
Individual Frequency of Information Agsjtion (English High) ............... 27
Non-Instrumental Information Acquisit(all rounds) ............ccccceeeeeeeennn. 37
Development of Information ACqUISItIBrRQUENCIES..........cvvieiieeeeeeeeeeeeee. 37
Optimal Cut-off Values and EquilibrisBtructure ...........ccccceeeeiiieeeeeennnnnn. 51
Aggregate Mass of Players choosingiftkg action B.................veeennn. 58
Estimated Individual Cut-off Values ¢ot).............cooevvvviviiiiiiinnnnn 60.
Average Extent of Exaggeration (D=2)........coooviiiiiiiiiiiiiiiiiiieeeeeee 79
Average Extent of Discounting Dishordsssages ..............vvvvvvciiiinenennn. 80
Senders’ Beliefs about Receivers’ ATIM=2) ...........cccveiiiiiiiiiienennnnn. 82.
Receivers’ Beliefs about Senders’ Mg@esdb=2)..............cccceeeevivviiiinnnnnnn, 83
Average Sizes of Exaggeration and DIBGOG..............cceeeeeviiiiiiiieeeeenn, 7.8
Surplus in Working Time (A) and Off@nsEuro (T2) .......vvvveeeeeevieeeeeeenn. 102
Surplus in Working Time (A) and Off@nsEuro (T3) ....eevvvveiiiiiiieeeeeeeenn. 103
Comparison of Offers and Acceptancee3Sholds ............cccoevvvvieieennnnn. 104

- VII -



List of Tables

Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 2.5:
Table 2.6:

Table 2.7:
Table 2.8:
Table 3.1:

Table 3.2:
Table 3.3:
Table 3.4:
Table 3.5:
Table 3.6:
Table 3.7:

Table 4.1:
Table 4.2:
Table 4.3:
Table 4.4:

Table 4.5:
Table 4.6:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6:
Table 5.7:
Table 5.8:
Table 6.1:
Table 6.2:
Table 6.3:
Table 6.4:
Table 6.5:

Experimental Treatments .........ouueeeeiiiiiie e 12
Predictions for Information Acquisitiom2™ Price Auction........................ 13
Predictions for Information AcquisitionEnglish Auction ......................... 13
Price Clock at Information Acquisitidanglish Auction).............ccccceeeeeennn. 16
Number of Opponents at Information Asgign (English Auction)........... 17
Bidding Strategies with Information Assolreatments..............ccceevvvvvvnnnnns 17
Mean Bids without Information in the HiGost Treatments....................... 18
Linear Regression (robust standard SXror............uevvveiiiiiiniieeeeeeeeee e 19
Experimental Treatments .........oeuueeiiiiiii i 35
Player Types for Information ACQUISTLO. .........ceeereeeeeiiiieeiiiiiiiiiiiiees 38
Bidding Strategies without Non-Instrumat Information Acquisition....... 39
Bidding Strategies with Non-Instruméméormation Acquisition............ 39
Mean Bids for Underbidding with Non-mshental Information................ 40
Fixed-Effects Regression on Informa#@guisition..................uveeeviinnnnnnn. 41
Fixed-Effects Regression 0N BidS ......cccccoeeeeeeiiiiiiececieee e 42
Parameterisation of Noise Term acro8gtiientsS...........cccoeeeeeeeeeeeeveeiinnnnens 55
Equilibrium Cut-offs and Individual BBRtES.............oevvvviiiiiiiiiieeeeee, 56..
Equilibrium Cut-offs and Individual BBRteS..............ovvvviiiiiiiiiiieeee. 51..
Mean Share of BESt RESPONSES .....uuuueeiiiieeiieeiieeeeeeeei e 59
Logistic Regression for Risk TreatmégRandom Effects) .................oooc. 61
Logistic Regression for Ambiguity Treams (Random Effects)................ 62
Effects of Conflict Of INterest..........oovveiiiiiiiiiii e 76
Information Transmission across Treatmen............coooeecvvvvvvviineeneee. 78.
Frequencies of Deceptive Messages iteRewherb=2 ................ccccce..... 78
Frequencies of Receivers Following Sesiddessages..........cccceveeeeeeeeeeee. 80
Behaviour Type Classification for Sesder.............veeiiiiiiiiieiiiieeiee 85
Behaviour Type Classification for RE€ES..............cccevvvveiieiiiiriininn o 85
Classification definition of behavioypeés for senders (b=2) ...................... 88
Classification definition of behavioypés for receivers.............ccccceeeeee. 88
Experimental Treatments ........oouuuuciiiiiiiie e 97
Working Effort across TreatMentS w..vvevvvveeiiiiiiiiee e eeeeeeeeeeeeeevieeees 101
Mean Offers across TreatMentS......cccoovvvveviieiiiiiiiice e 102
Linear Regression Profits Player A (sitatandard errors) ....................... 107
Linear Regression Profits Player A (sitstandard errors) ... 107

- VIII -



Philip Alexander Rajko

1 Introduction

Behavioural economics is a paradigm bringing togetstablished economic methodology
such as game theory and additional insights abaniain agency taken from psychology. Es-
sentially, it accounts for a higher psychologicadlism, explicitly considering the psycho-
logical effects involved in economic decision makidhus behavioural economics extends
the standard assumptions of economics and incréfasgsedictive power of economic mod-
els (Rabin, 2002). The basic idea for this inteascof disciplines dates back to H. A. Simon
(1955)! By now, behavioural economics is an establisheld fof economics in its own right
with steadily growing importance for economics esh (Rabin, 2002; Smith, 1991Re-
garding its methodological foundation, behaviowwabnomics makes extensive use of ex-
perimental economics (Loewenstein, 1998urthermore, it is also concerned with new eco-

nomic theories accounting for behavioural effecid he analysis of empirical ddta.

This thesis dwells upatopics in behavioural economics: information anttrfass It presents
five studies, the first four focusing on the usajanformation, the fifth being directed at
fairness. The studies on information cover a braade of topics in the economics literature.
The first two are concerned with auction theory, the second-price sealed-bid and the Eng-
lish auction. The contributions in this thesis extéhese formats witinformation acquisition
behaviour This behaviour has gained recent attention watimes theoretical works, but has
not been tested experimentally, yet. The firsth&f two studies focuses on instrumental in-
formation, i.e. the private value of an object atteon which is unknown to the bidder ex-
ante. The value of this information can be assessedrding to a rational choice model
(Compte and Jehiel, 2007). The experimental resalgsy the rational usage of information
acquisition strategies and motivate the secondystutlere thedemand fomon-instrumental
information i.e. information which cannot be used for a maidbidding strategy, is analysed

in a similar auction context. The third contributiaddresses the game-theoretic framework of

! An anthology of behavioural economics is provitlgdCamerer and Loewenstein (2004).

2 Some useful overviews on the field of behaviowabnomics can be found in Earl (1990), Smith (3991
Rabin (1998) and recently DellaVigna (2009). Etzi(#011) provides an outlook on future directioos the
evolution of the behavioural economics paradigm.

® Also field experiments become increasingly popals a research approach in behavioural economigs (
Harrison and List (2004), Levitt and List (2009)).

* Camerer, Loewenstein and Rabin (2004) give a cengmsive overview on the current state of theeayard-
ing research in behavioural economics.



global games (Carlsson and van Damme, 1993; MamisShin, 1998, 2003). In this frame-
work, current theory makes opposing predictionstées kinds of uncertainty, i.e. risk and
ambiguity (Ui, 2009). These theoretical predicticar® put on test with an experimental
analysis ofrisk and ambiguity in global gamé&samed as a speculative attack game. The fol-
lowing study deals witldisclosing conflicts of interesHere the experimental design is based
on an established theory for a game with stratedarmation transmission (Crawford and
Sobel, 1982), where one player has a monetary fiveeto deceive the other player. When
this conflict of interest is made transparent, éiéent of deceptive behaviour increases sig-
nificantly. Finally, the last contribution immersesthe realm of economic fairness and the
assumption of economic agents having social preéexe (Bolton and Ockenfels, 2000; Fehr
and Schmidt, 1999). In this regard, the standapiageh of one-dimensional fairness is ex-
tended andwo-dimensional fairness in a real effort gamestudied. As a result, the exploita-
tion of a self-serving bias effect, i.e. playerstditing fairness norms to their own advantage
whenever possible, is substantiated with experialetiéita. The remainder of this section

gives a chapter by chapter overview on the mainltobtained within this thesis.

For chapter 2, which is joint work with Vitali Gesthko, one can state that information acqui-
sition is crucial to almost all real world auctionghere one’s valuation usually is fully un-
known or at least very imprecise. This is alreadgrassed by some of the recent theoretical
work. We extend the literature, providing the fiestpperimental test of auctions with explicit
information acquisition in terms of acquisitionag&gies, timing and bidding behaviour. In
doing so, we focus on the second-price sealed+dtlae English auction. Firstly, the main
finding is excess information acquisition in botlachon formats. For costs of information
well above its rational value, a majority of sultgestill chooses to acquire information. This
effect is robust to learning and does not faddéendourse of the experiment. Secondly, even
if subjects make the optimal decision whether tocpase information; they prematurely buy
in the English auction. In theory the English amctoffers more information, as players can
observe the drop out decisions of their competitdi@vever, in our experiment the subjects
fail to use this advantage of the dynamic format. &final result both informed and unin-
formed bidders significantly underbid in our expaent. Further it is shown how risk aver-
sion also fails explaining the observed behavibloawever, assuming that bidders anticipate
regret that they observe ex-post due to payingriaoh in an auction, we can extend the ini-

tial model and accommodate the experimental results



In chapter 3 information acquisition behaviour uctons is addressed from a different per-
spective. Already having established the effecexxdess information acquisition, this work
investigates if and how subjects acquire non-imsémntal information. Therefore, a second-
price sealed-bid auction is conducted, where aditagically relevant information is free but
additional non-instrumental information is soldtire course of the auction. In this experi-
ment, the two main effects found in the data asggaificant acquisition of non-instrumental
information and an underbidding effect, when saising the bidding strategies. The acquisi-
tion of non-instrumental information goes alonghniihe results from the previous study and
supports some preference for confidence. Moreawdy, after buying the non-instrumental
information the bidding strategies exhibit a stramglerbidding effect. This is a finding rarely

observed in second-price auctions.

Chapter 4 is joint work with Christopher Zeppenfeld this contribution global games are
studied experimentally. These games of incomplafi@mation are very important, when it
comes to applications such as market choices,amfing company debts or speculative at-
tacks. We use a model of global games based onmnmsamg minimum expected utility,
which predicts opposite effects for the behaviourequilibrium under risk and ambiguity.
This prediction is tested with an experiment basedhe speculative attack game. We find
that under both types of fundamental uncertaintyjestis almost always play undominated
switching strategies, i.e. they do not choose doragegy when they know that the other strat-
egy vyields a higher pay-off with certainty. Howewvenly few adhere to unique cut-off values,
where they would always switch their strategiesnfrihe safe to the risky action. Further-
more, when estimating cut-off values we find excaggressiveness for subjects’ behaviour,
I.e. the risky action is chosen for much lower sigrthan the theoretical optimum predicts.
This can be rationalised as a best response tbelief in others being overly optimistic and
aggressive. Finally, our main finding regards tppasite theoretical predictions for risk and
ambiguity. Accordingly, risk about the distributiofisignals should improve the coordination
in equilibrium, whereas ambiguity should reduceTiBis must be falsified based on the ex-
perimental data, where we find no significant défece in estimated individual cut-off values

or aggregate coordination between risk and ambjiguit

Chapter 5 is joint work with Axel Ockenfels and Raminderst. It presents an experimental
study on disclosing conflicts of interest. Conficf interest occur in situations of advice giv-

ing between a client and a better informed advagiif is often found in the financial services

-3-



industry. Economic theory captures this matter l®ans of principal-agent models or games
of information transmission. We experimentally istrgate how different degrees of transpar-
ency about a conflict of interest influence indivad decision making in a game of strategic
information transmission. It turns out that inciegstransparency about the conflict of inter-
est has a significant effect on both the deceptiseaviour of advisors and the strategic re-
sponse behaviour of advisees. The advisors dodedaut not to an extent which would be
predicted by standard theory. Hence we find anamramunication effect, where the mes-
sages sent between the two players still contdunabée information. Similarly, when know-

ing about a prevailing conflict of interest, adwesedo not sufficiently discount the biased in-

formation they receive.

Economic fairness is scrutinised both theoreticatig experimentally in chapter 6, in a joint
work with Georg Gebhardt. The impact of fairnesseonnomic decision making in terms of
monetary distributions is already well establishddwever, in many real life encounters the
issue of multi-dimensional fairness may play a @umle, i.e. payment, effort and ability
might all shape our perception of fairness to sextent. To formalise this notion, we extend
a standard model of social preferences with worlefigrt as a second non-monetary dimen-
sion. We then devise an experimental design tostigyate the effect of two-dimensional fair-
ness in a meaningful real effort game. With asymimendowments unfairness is induced in
the initial distribution and allows us to study istdbution behaviour based on working times.
The redistribution follows standard protocols ofliatator and an ultimatum game, respec-
tively. The experimental data proves that our appincof two-dimensional fairness is feasible
and subjects employ both dimensions to establisrativfairness. Hence, when providing
more effort, the subsequent offers in monetary sesne steadily declining. With our theoreti-
cal model extension we can estimate the conveffsictors for time and money for all sub-
jects, assuming standard fairness parameters. Qudrsity, the experimental data proves that
in the dictator treatment subjects exhibit a setf#gg bias distorting the usual fairness norms
by taking a higher conversion factor, for theirgmral advantage.

The final chapter 7 summarises the main insightspampoints directions for further research.



2 Excess Information Acquisition in Auctions

2.1 Introduction

Auctions are one of the most important mechanisonstte efficient allocation of goods.
Procurement auctions, spectrum auctions, eBayas;tigoogle AdWords and many more
are examples for market places, where goods walttbnis of dollars are sold via auctions
(Lucking-Reiley, 2000a; Varian, 2009). Their im@orte is also stylised by extensive schol-
arly work during the last decades. The theoretitatature has analysed various auction
mechanisms in great detail and identified somecjpias such as the revenue equivalence
theorem (Milgrom and Weber, 1982; Myerson, 198he €xperimental literature has brought
to light some robust behavioural patterns suchvasbidding in first price auctions with pri-
vate values or the winner's curse in common valuetians (Charness and Levin, 2009;
Harrison, 1989; Kagel and Levin, 1986). Neverthgl¢lse impact of information acquisition
in standard auction formats has found little attenso far (Compte and Jehiel, 2007).

However, information acquisition is a matter witigthrelevance to auctions. For example, in
spectrum auctions, additional information is usualtquired by means of technical research
about the infrastructure, internal reports on feittevenues or experts’ opinions on the valua-
tions of competitors. The same logic also applesdrporate takeovers, where ex ante the
information about corporate valuations is unknowrableast unreliable. The typical large
datasets from auction platforms cannot help explgithe effects of information acquisition,
as these costs usually materialise outside theoauitself and hence cannot be observed on
such platforms, even ex post. Therefore, we usbaratory experiment directly attune to a
rational choice model of auctions with informatiacqguisition to study its effects on informa-
tion acquisition behaviour and it dynamics. Ourempent implements two standard auction
mechanisms, i.e. a second-price sealed-bid andnghsk auction with independent private
values. Both formats are augmented with the oppdtwf buying information about one’s
valuation at any time during the auction. Priottheir information acquisition subjects only

know the distribution of their valuations, but roéir precise value. Based on our experimen-

® This chapter is joint work with Vitali Gretschko.



tal results we provide three new and robust insighto the behaviour in such auctions.
Firstly, subjects follow excess information acqusi strategies compared to the predictions
of the rational choice model. Secondly, in the dgitaformat of the English auction subjects
also fail to employ an optimal timing for their arfnation acquisition and thus buy prema-
turely. Finally, in terms of the bidding strategies find an underbidding effect, which is in-

dependent of the previous information acquisitieaision. Furthermore, we proceed by ex-
tending the initial model with both risk aversiomdaanticipated regret. This yields that only

anticipated regret can explain both excess infaonaicquisition and underbidding.

The remainder of this paper unfolds in five sectidm section 2 the theoretical foundations
are laid and the equilibrium properties for auctiovith information acquisition are character-
ised. Next the experimental design and procedueeprasented. Then section 4 discusses our
experimental results. Section 5 shows that risksaee and loss aversion cannot accommo-
date our results, but regret avoidance can. Firthlymain insights are summarised and an
outlook on subsequent research on auctions wittrmtion acquisition is provided.

2.2 Model and Equilibrium Properties

2.2.1 Related Literature

In the literature auctions with information acqtiesi are a relatively new branch. Hence,
there are only few papers explicitly concerned vimtlormation acquisition in the context of
auctions and to the best of our knowledge, thezenarexperimental or empirical studies. The
theoretical work largely focuses on the comparisbulifferent auction formats in terms of
information acquisition strategies, revenues atfidieficy. The second-price sealed-bid auc-
tion and the English auction are the most prominent &snwhen it comes to studying infor-

mation acquisition in independent private valueigmments.

Matthews (1984) is the first to address the biddind information acquisition strategies in a
pure common value first-price sealed-bid auctioner€by he focuses on the effects on effi-
ciency and seller revenue. Hausch and Li (1993¢rekthis work by comparing first-price

and second-price auction. They find that biddeedshtheir bids by the amount invested in
information and thereby diminish seller's revenievertheless, the second-price auction
dominates the first-price auction in terms of raxenBergemann et al. (2009) are interested

in the impact of endogenous information acquisitbonefficiency in an interdependent value



setting. They employ a mechanism design approadhshow that increasing the degree of
correlation between the valuations is diminishihg efficiency. For the case of affiliated
valuations, Persico (2000) has shown that theraldime more information acquisition in the
first-price than in the second-price auction. Hinaf there is a private and a common value
component, Hernando-Vecina (2009) argues not aaenue but also efficiency under in-
formation acquisition is higher in the English aotthan in the second-price auction. One of
the first works on information acquisition in inggment private value auctions was con-
ducted by Lee (1985), who shows that in a firsegruction the endogenous entry decisions
are deterred by an increasing amount of informagicauisition. Guzman and Kolstad (1997)
find an equilibrium of a first-price auction whemetcost of information acquisition is private
information. Shi (2007) characterises the optimattian based on the assumption that infor-
mation can be acquired prior to the auction stdd. shows that the optimal symmetric
mechanism is a standard auction with a reservatrae that depends on the ex ante mean
valuation of the bidders.

Contrary to the models above, the following bodyitefature allows for information acquisi-
tion not only prior to the auction but also durithg auction. The simplest way of modelling
mid-auction information acquisition is to allow fenulti-stage auctions as proposed by
Engelbrecht-Wiggans (1988). He shows that allowimrgmultiple bidding rounds with bid
disclosure increases the amount of information &ttpn and thereby the revenue in a sec-
ond-price auction. Parkes (2005) extends this ideageneral mechanism design setting and
shows by computer-based simulations that the Bnglisction achieves a higher allocative
efficiency than a second-price auction. Rasmus2886) analyses the incentives to acquire
information in an eBay style auction and shows thimrmation acquisition might be a expla-
nation for sniping and incremental bidding on eBRgzende (2005) finds an equilibrium of
the English and the second-price auction in a \genyeral informational setting. He shows
that bidders in the English auction buy more infation and place higher bids than in the
second-price auction. This leads to higher revanuthe English auction if the number of
bidders grows large. This result is driven by thet that bidders may condition their informa-
tion acquisition decisions on the observed pricegh@ English auction. Contrary to that,
Compte and Jehiel (2000, 2007) allow for the bidderobserve the remaining competitors in
the English auction. They show in a setting whemes of the bidders are perfectly informed
and some of the bidders are perfectly uninformexd thore information is acquired in the
English auction than in the second-price auctioo thiereby the revenue is higher in the for-
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mer if the number of bidders grows large. The tssobtained by Compte and Jehiel (2007)
are very intuitive and don’t demand for sophistchbidding strategies. Hence, their set up is
well suited for a first experimental investigatiohbidders’ behaviour in auctions with infor-

mation acquisition.

2.2.2 The Rational Expected Value Model and Equilibrium Roperties

In the following we characterise the equilibriumhbeiour in an English auction and in a sec-
ond-price sealed-bid auction with one fully unimfeed bidder. Our model is a special case of
the model in Compte and Jehiel (2000)ore preciselyN risk neutral bidders are competing
in an auction for an indivisible object. Each biddessigns a value af; to the object. The
valuation is independently and identically disttdxli on[0,100] according to the uniform
distribution. Before the auction starts, all biddbut bidden observe their private valuations.

Bidder1 is only informed about the distribution of the watlions.

In the second-price auctidndder1 decides before the auction starts whether to le@rtrue
valuation at pricec € R,. After the information acquisition decision alldders simultane-
ously submit a bid for the object. The bidder witle highest bid wins the auction and pays
the second highest bid to the auctioneer. In dayuilin it is a weakly dominant strategy for
the informed bidders to bid their valuatignigbidder 1 remains uninformed, his best reply to
the bidding strategies of the other bidders isitbEljv, |. Hence, he will acquire information
before the auction starts, if the expected utiityacquiring information is higher than the

expected utility of not acquiring informatidn:

(1) E[max(vy, v®) —vWM] — ¢ > E[max(E[v,],v?) — v¥].
We summarise this finding in Proposition 1.
Proposition 1

In a second price auction bidder 1 acquires infoionaf and only if

® In the following we draw upon the results of Compnd Jehiel (2000).

" Remember the auction for the informed biddergleniical to a the standard second price auctiars for
these bidders the standard results as in VickrégX)Lalso hold.

8 Let v denote the highest order statistic of n-1 indepahdraws from the uniform distribution between 0
and 100.



E[max(vy, vV)] — E[max(E[v;],v)] >c.

A bidder who is informed about his valuation bids@ding tob = v;. If bidder 1 chooses to

remain uninformed he bids accordinghte= E[v,].
Proof See Compte and Jehiel (2000) [

In the English auction a price clock starts atiagpof O and continuously increases. At each
price p bidder 1 may decide whether to learn his traluation at a coste R, and whether

to stay in the auction or not. All other bidderdyodecide on whether to leave the auction at
price p. Each dropping out decision is commonlyeobsd by all bidders. The last bidder re-
maining in the auction receives the object at theepat which the last opponent dropped out.
Again bidders who are informed about their valuatip have the weakly dominant strategy
to drop out whenevey = v;. Hence, it remains to determine when the only fanmed bid-

der 1 will acquire information. For this purposentfunctions are defined:
H(p, c) = E[max(vq,v,) — v,|v, = p] — c and
K(p) = E[max(E[v,],v;) — vz|v; = p].

The valuesH (p,c) and K(p) correspond to bidders 1's expected payoff whenciimeent

price isp and one other bidder remains active. At this pbidter 1 should decide to acquire
information and remain active up to his true valrabr not to acquire information and drop
out atmin(p, E[v,]). Note that until only one other bidder remainsideir 1 does not have to

make this decision.

For a full characterisation of the equilibrium wefide for eaclt:
(2) p™(c) = sup{p € [0,100]|H(p,c) = K(p)} and
3 p*(c) = inf{p € [0,100]|E[max(p,v;) —v;] —c =0}.

For illustrative purposes the two relevant priogele and the resulting information acquisition

strategies are depicted in the following figure: 2.1



|
|
|

Wait and see Buyif N(p)J=2 | Dropoutif N{p)>2
|
|

e e m— = = =

0 p*lc) p**(c) 1

Figure 2.1: Equilibrium Information Acquisition Dismn of Bidder

Herep**(c) is the highesp such that the expected payoff from buying infolioratatp ex-
ceeds the expected payoff from not buying infororgtiandp™(c) is the lowesp such that
the information cost is lower than the expected lisem buying at a price above valuation.
Finally, N(p) denotes the total number of remaining bidders vthercurrent price ig. Then

the equilibrium behaviour is characterised as fefip
Proposition 2
If N(p) > 2:
Bidder 1 does not acquire information and stayi§ pn< max{p*(c), E[v,]}.
If N(p) = 2 two cases are relevant:
1) p*(c) >p™(o):
Then bidder 1 never acquires information and dmgsatE[v, ].
2) p*(c) <p™ (o)

a) If p € [p*(c),p*(c)], bidder 1 acquires information and drops out imiatedly if

p > v; and stays in the auction as longras v;.
b) If p > p**(c) he drops out ahin{E[v,], p}.

c) If p <p*(c) stays in and acquires informationpafc) and drops out immediately if

p > v; and stays in the auction as longras v;.
Bidders2, ..., N drop out when the price reaches his valuation,at@. = v;.
Proof See Compte and Jehiel (2000) [

In the English auction it is sufficient for bidderto know whether his true valuation is below
the current price to avoid buying at an unfavowrglice. As long as more than one competi-

tor is still in the auction the probability of wimg the object at the next price increase is 0.
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Hence, it is a dominant strategy not to buy infaioraand to observe how strong the compe-
tition is. As soon as only one competitor is lefthhe auction, bidder 1 has to trade off the cost
of information acquisition, the probability of wimg and the risk of buying at an unfavour-

able price.

Having characterised the equilibrium behaviour athbauctions we can derive our hypothe-
ses for the experiment. The first two hypothesescancerned with the information acquisi-

tion decision of the uninformed bidder 1.

Hypothesis 1if the cost of information acquisition is high, det 1 always refrains from in-
formation acquisition in the second-price auctibthe cost of information acquisition is low,

bidder 1 always buys information.

Hypothesis 2in the English auction bidder 1 never acquiresrimftion as long as more than
one other bidder is active in the auction. If oohe other bidder is left in the auction, the tim-

ing of the information acquisition is given by Posgion 2.
The next two hypotheses are making predictionsrdagg the bidding strategies of bidder 1.

Hypothesis 3If bidder 1 learns his true valuation, he bidstifully in the second-price auc-

tion and drops out of the English auction as saothea price has reached his valuation.

Hypothesis 4If bidder 1 remains uninformed in the second-paaetion, he bids his ex-
pected valuation. If bidder 1 remains uninformedthi@& English auction he drops out at

max {p**(c), E[vi]}.

2.3 Experimental Design and Procedures

For our experimental design we followed the basiecsure of the already characterised theo-
retical modeP Accordingly, in every auction group only one plagid not know his valua-
tion ex ante. The other players always had penfdormation about their valuations. We
chose groups of four players and, as we are omdyasted in the behaviour of the one unin-
formed player per group, we opted to implementttiree remaining players as bidding ro-
bots. These robots were programmed to always lainl true valuation, which was also ex-

plained to the human subjects in the instructidige uninformed human bidder only knew

° For the full experimental instructions refer te tppendix.
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that his valuation is uniformly distributed betwe@nand 100. Moreover, it was common
knowledge that the valuations of the three biddolgpts were drawn from the same distribu-

tion.

The main innovation of our experiment is the inigegion of information acquisition in auc-
tions. Hence we offered the human participants witknown valuation to buy their valuation
at a certain cost. This cost parameter was vamddden the treatments in order to test our
theoretical predictions. Following the main hypat#e low cost (c = 2) and high cost (c = 8)
were chosen. Furthermore, for studying the timihgnhformation acquisition behaviour in a
dynamic environment, we used two different standawdtion formats; the second-price
sealed-bid auction as a static and the Englishauets a dynamic format. The object at auc-
tion was not specified, and profits for the auctieere calculated as one’s valuation minus the
final price and, if applicable, minus the cost fieformation acquisition. This gives the fol-

lowing 2 x 2 design for the four experimental treaht variations:

Information Costs
Auction Format Low Cost High Cost
2" Price Auction c=2 c=8
English Auction c=2 c=8

Table 2.1: Experimental Treatments

In the second-price auction, information acquisitveas only possible prior to the auction, i.e.
before submitting the individual sealed-bid off@uring the English auction information
could continuously be acquired. Here we implemertquhuse button, enabling subjects to
pause the price clock at any time to buy informa@md reflect upon this information. Thus
we can rule out any time pressure effects, shagpiaglecision of buying information or quit-
ting the auction® The price clock was implemented to increase byCUEevery 2 seconds

which is similar to other experiments on Englisictaans (Levin et al., 1996).

Overall, every auction format was repeated for @hds and valuations for all players were

redrawn every round. As feedback we provided tHgests with the information whether

1% Qur design benefited from the implementation dfdirig robots, so that pausing of an auction fonihele
group of four players did not signal any additibinformation to the already fully informed anebgrammed
robots.
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they won the auction, at what price the auction was, what their final bid was and what the
subject has won or lost in this round including thi®rmation costs. Hence learning one’s
valuation remained costly. If the human bidder wiioa auction we additionally gave feed-
back regarding his valuation, which was then kn@amgway, and made it easier to validate
the profit calculations. As it was crucial for umat subjects did assess the real costs of infor-
mation acquisition, we stressed in the instructithrag all losses in experimental money must

also be covered in real money after the experiment.

The numerical predictions for the behaviour in experiment are directly computed from the
equilibrium characterisation in section 2. For #eeond-price auction we expect the follow-
ing rational behaviour:

Treatment Information Acquisition
2" Price Auction
always
(low cost)
2" Price Auction
never

(high cost)

Table 2.2: Predictions for Information Acquisition2™ Price Auction

For the English auction we also expect no infororatcquisition in the high cost treatment,
but can make a more sophisticated prediction régguthe timing of information acquisition

in the low cost treatment.

Information Acquisition

Treatment p*(c) p**(c)
English Auction
19.61 66.17
(low cost)
English Auction
never never

(high cost)

Table 2.3: Predictions for Information AcquisitionEnglish Auction
According to the rational model information in thieatment is only acquired if the price
clock is between 20 and 67.

The experimental sessions took place in April 28i.the Cologne Laboratory for Economic
Research (CLER). We had 30 subjects per treatmmahtla0 subjects overall participating.

The average payment was 13.20€ including a guadrgkow-up fee of 2.50€. On average
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each subject participated in the experiment fomiidutes. For the recruitment we used the
online recruitment system ORSEE (Greiner, 2004)taacexperiment itself was programmed
with z-Tree (Fischbacher, 2007).

2.4 Experimental Analysis and Results

2.4.1 Excess Information Acquisition

First of all, we analyse the frequencies with whatlbjects harness information acquisition.
For the high cost treatments, where the theorepipadiction was that information is never

bought, the data in figure 2.2 shows that neveegesubjects buy information in 59% respec-
tively 51% of all auctions. This shows excess infation acquisition compared to the theo-

retical prediction in both formats.

100%

80%

59%

60% -

Oy}
ks
(=)

40% -

20% -

0% 0%

0% -
2nd Price Auction (c=8) English Auction (c=8)

H Theoretical Prediction  ® Experimental Data

Figure 2.2: Frequency of Information AcquisitionigH Cost)

Keeping in mind, that the optimal threshold for baying information at all, was at informa-
tion cost of 4.6, the subjects are obviously tregatihis cost differently than in our rational
choice model. In the high cost treatment we chadberately high cost of ¢ = 8 in order to
make the decision of not buying information vergasl This strong effect of excess informa-

tion acquisition offers an indication that the ®d$ overestimate the benefits of additional

M T_test: p-value < 0.0001.
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information. In section 5 of this paper, we wilsduss different model extensions assessing

this effect.

Having established the first effect, we compare dhta from the two low cost treatments.
Here the effect of excess information acquisiti@mlso found in the dynamic formatiow-
ever, in the static format, we find less informatacquisition than predictétiAgain both of
the low cost treatments show information acquisittrategies in contrast with the fully ra-

tional, risk-neutral model.

100%

80%

60%

40%

20%

0%

2nd Price Auction (c=2) English Auction (c=2)

M Theoretical Prediction ~ ® Experimental Data

Figure 2.3: Frequency of Information Acquisitiorofiz Cost)

Figure 2.4 illustrates the robustness of thesetffever the course of the auction rounds.

100%

80% -2 ~—— = -
60% -
40% o N

20%
O% T T T T T T T T T T T T T T T T T T T 1

1234567 8 91011121314151617181920

——2nd Price (c=2) == English (c=2)

2nd Price (c=8) English (c=8)

Figure 2.4: Development of Information AcquisitiBrequencies

12 T_test: p-value < 0.0001.
13 T-test: p-value < 0.0001.
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There is some adaptive behaviour during the fwst tounds of the experiment and then ag-
gregate behaviour converges to the already repontshs in terms of information acquisi-
tion. The effect is likewise robust, when analysihg data for each individual subject, where

we cannot find a significant amount of learntfg.

2.4.2 Premature Information Acquisition

For the dynamic format, i.e. the English auctiorour experiment, the theory does not only
make predictions about the optimal frequenciesififrmation acquisition, but also about the
optimal timing of information acquisition. Thereéowe first analyse the average price clock

at time of information acquisition and compare itrvthe optimal value p*:

Average Price - N
Treatment Clock at 1A Prediction p
English (c=2) 2 ECU 19.6 ECU

Table 2.4: Price Clock at Information Acquisitidanglish Auction)

We find premature information acquisition. In tlogvlcost treatment, given our realisation of
the random variable, where subjects should optintally at a price of at least 19.6 ECU, sub-
jects on average buy almost immediately after thet ®f the auction at a price of 2 ECU.
That means after observing the competitors’ behavior at most 4 seconds and knowing
that the auction could be paused at any time. Eyrds long as there are at least two competi-
tors remaining, the probability of the auction terating at the next price step is virtually
zero. Hence the pivotal information acquisitionidemn in the dynamic format should factor
in the additional information of the number of catifors. This information allows the sub-
jects to learn about the valuations of the comipetiit no cost and no risk. Table 2.5 corrobo-
rates the initial finding of premature informatianquisition, as subjects fail to wait for the
previous bidders to drop out before they decidevbather information should be bought. In
the low cost treatment, where information shouldbbeght in 75% of the auctions, when
only one bidder is remaining, only 2.6% of inforioatacquisitions can be classified as opti-

mal in that sense.

1 See the appendix for details.
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Percentage of I1A Percentage of IA
Treatment with 1 opponent  Prediction | jith > 2 opponents Prediction
English (c=2) 2.6 % 75 % 97.4 % 0%
English (c=8) 20.2 % 0% 79.8 % 0%

Table 2.5: Number of Opponents at Information Asdign (English Auction)

Interestingly, in the high cost treatments, whereoading to the rational model information
acquisition should never occur, subjects who needgss engage in information acquisition

do so after observing the competition longer amtthdactoring in previous drop outs.

2.4.3 Underbidding Behaviour

Next, we consider the bidding strategies employgdhle subjects. First of all, the bidding
strategies where the bidder chose to buy the irdbom and thus had been perfectly in-

formed. Here we can calculate the deviations batviiee bids and valuations, for all auction

rounds where a subject has bought information.

Treatment underbidding | valuation bidding overbidding
2nd Price (c=2) 35.9% 41.4% 22.7%
2nd Price (c=8) 40.9% 33.5% 25.6%

English (c=2) 51.6% 41.6% 6.8%

English (c=8) 54.5% 25.6% 19.9%

Table 2.6: Bidding Strategies with Information Assolreatments

Valuation bidding is defined as exactly bidding ‘snealuation, if informed. Respectively,

underbidding is every bid under the valuation anerbidding every bid above the valuation.

> This finding is consistent with the price clocta from the high cost treatment, where the avepaige

clock at information acquisition is at 12 ECU.

' For the English auction format we could only gealauctions, where information had been boughttaed
previously uninformed bidder did not win the auntidn this format all auctions ended once the sddast
bidder dropped out, so that we could not obsereefull bidding strategy of a winner. Neverthelessder
the conditions of information was bought and theypt did not win, 57% (c=2) respectively 35% (co8)

the English auctions still qualify for this analysi
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Table 2.6 shows that we do not find overbidding;, inufact underbidding in our subjects’
behaviour. A result that is different from many gtandard results received in second-price

auctions (Cooper and Fang, 2008; Kagel and Led@a3}1L

Additionally, we consider the bidding strategieghout information. As in the low cost
treatment almost all subjects always bought thdahla information, this data is not reliable,
as the remaining few observations are probablyestitip a strong selection effect or mere

errors.
Treatment Mean Bid Prediction
, 40.6
2nd Price (c=8) =50
(1.74)
_ 36.7
English (c=8) >50
(1.64)

Table 2.7: Mean Bids without Information in the HiGost Treatments

However, for both high cost treatments we havelamua50% rate for information acquisition
which is not due to learning or timing effects, bighly stable. Therefore we can report the
mean bids for these treatments in table 2.7. Goterparameterisation, the optimal bid in the
second-price auction should be 50 and in the Bmglistion without information the optimal
bid respectively time for dropping out should béween 50 and 66.2. On average, this must
be strictly greater than 50. Again, the experimlergaults clearly depart from these predic-
tions. In both treatments we find severe underpigldivhich is difficult to explain on the

grounds of our initial model.

2.4.4 Further Analyses

The robustness of our main results is further dmorated with the results of regression ana-
lyses. For the result of excess information actjarsiwe run logit regressions with random

effects, separately for the two formats. These ioonfhat the round of the auction does not
affect the information acquisition behaviour. Atbe outcome of the previous round does not

significantly influence the information acquisitibehaviour, as one might argue.

For the bidding behaviour we run standard linegrassion as reported in table 2.8. Here the
dummy variablehigh_costtakes the low cost treatments as a baseline fpadson and

shows significantly lower bids for the high costatments.
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Dependent Variable: Bid

Variables Model 1
Intercept 7.50%**
(2.167)

High_Cost -1.67*%*
(0.771)
Dynamic_Format -9.45%**
(0.823)

Valuation 0.61***
(0.017)
Buy_Info 16.34***
(1.304)

Round 0.07
(0.071)
N observations 2400
Prob > F 0.000
MSE 20.14

R? 0.456

Table 2.8: Linear Regression (robust standard €rror

Next, the dummy variablédynamic_formatakes the second-price auction as a baseline and
confirms that the average bids in the dynamic farana significantly lower. The variable
valuationtakes the valuation associated with each bid hodis a highly significant relation-
ship between valuation and bid. Therefore, we s&tude arbitrary behaviour or simple mis-
takes as an explanation for the intriguing undetinig effect as already described. Also in
line with our hypotheses and results we integrataramy variabldéuy _infointo the regres-
sion model and find that bids are significantlyhieg when subjects have acquired informa-
tion about their valuation. This does not conflidth the fact that we find underbidding for
both cases, with and without information acquisitiBlowever, it indicates that the underbid-
ding effect must be much more prevailing withoubpmformation acquisition. Finally, the
control variable foround, associating the round with every bid, is not gigant. This is fur-

ther proving that there is no trend or learningetfin our data.

2.5 Discussion

As the risk-neutral rational choice model presentedection 2 is inconsistent with the ex-
perimental results we discuss possible alternatkmanations of the observed bidder behav-

iour. We consider risk aversion and anticipatedetgs potential explanations for our data.
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2.5.1 Risk Aversion

Our hypotheses for the experiment were derived feomodel with risk neutral bidders. In
what follows, we show that assuming risk aversaiisfto explain the excessive information
acquisition, observed in the high cost treatmerthefsecond-price auctiokloreover, we can
show that risk-averse bidders would acquire le$sramation than predicted by the risk-
neutral model which contradicts our experimentadlings even more. As a consequence, we

reject risk-aversion as an explanation for the nlexbdata.

Suppose bidder 1 is risk averse with a concaviyutiinctionu(x). If bidder 1 decides not to
buy information his bicdb* will be lower tharE[v;]. To see this consider the maximisation

problem of bidder 1 once he decided not to buyrmgdion.

b 100
ml?xff u(w; — vW)dv,dv®
00

The first order condition for this problem is:
foloou(vl —b*)dv, = Eu(v, — b*) = 0.

We know thatE[v, — 50] = 0. By definition all risk-averse individuals dislikeero-mean

risks. It followsEu(v, — b*) < 0. Hence the optimal bid must bé < 50.

Given the equilibrium behaviour of the informed deds the decision whether to buy informa-
tion or not is the choice between two random véembf bidder 1 decides to buy information

his pay-off is:
% — ¢ = max{v, —v®,0} —c.
If bidder 1 decides not to acquire information, pag-off is:
V= Xpwepy (V1 — AR

The maximakt™, for which a risk-neutral bidder would acquireamhation, isc* = E[X] —
E[y]. We will show thaE[u(X — c*)] — E[u(¥)] < 0.

o 1, denotes the indicator function.
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Firstly, definex, := ¥ — E[X] andy, := y — E[y]. Then with7(w,u,%,) denote the risk

premium of%, at wealth levew. It follows:
Efu(* —c)] - E[u(@)] <0
e Elu(X - E[x]+ E[yD] - E[u()] <0
& Elu(X +E[yD] - E[u@)] <0
& E[u(E[y] —nE[y] w %)) — E[u(E[y] — n(E[F], w,50))] < 0
e n(E[y] u, %) = n(E[F] u, Jo).

For small risks we can use the Arrow-Pratt appration and the last statement holds true
whenevelWar[y,] < Var[X,]. For the parameterisation of the experiment welget[y,] <

1.4 andVar[%,] = 1.6, wheneveb* < 50.

We can conclude that risk-averse bidders have dlesmallingness to pay for information
than risk-neutral bidders in the second-price aanctccordingly, the maximum willingness
to pay for information of risk neutral bidders isch thatE[% — c*] = E[y], i.e. the expecta-
tions of the relevant random variables are equalhmri pay-off from not buying information

and biddingp” is less volatile. Risk-averse subjects then predéto buy information.

2.5.2 Regret Avoidance

In the following, we put forward regret avoidanceamodel extension in line with our re-
sults. The ex-ante unknown valuations in the twctian formats might cause regret in two
ways. First of all, the uninformed bidder might Ibas high and as a result experience a nega-
tive pay-off. Secondly, the bidder might bid toavldespite having the highest valuation and
thus foregoing a win, which also causes regretast-filiz-Ozbay and Ozbay (2007) as well
as Engelbrecht-Wiggans and Katok (2007) show tiaekperience of regret depends on the
feedback provided. The subjects in this experinoehy learn their valuation if they buy in-
formation. Hence they can suffer regret from payo@much. Since they remain uninformed
otherwise, they cannot experience ex-post regoet fiot having won an auction despite hav-
ing a high enough valuation. Based on this feedipsokedure, only regret from overpaying

can arise.

If a bidder anticipates such regret, it is alreadtablished for other experimental auctions that
he changes his bidding strategy accordingly (Engehii-Wiggans and Katok, 2007, 2008;
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Filiz-Ozbay and Ozbay, 2007). Furthermore, we shimat he likewise adapts his information
acquisition strategy. Therefore we adapt the modétiliz-Ozbay and Ozbay (2007) to the

auction set-up provided with the initial model arsd in the experiment.

Second-Price-Auction

Assuming a bidder does not acquire his valuatiah l@ids according to his expected valua-
tion, then winner’s regret in the second-price murcts defined in the following utility func-

tion for bidder:

v; — b if v; = bW and i wins
(4) w; (v, bV) = v; —b® — (D — p,) if v; < bM and i wins
0 if iloses

Hereb® is the highest bid of the competitors ar(d): R — R, is the regret function, which
is assumed to be non-negative and non-decreashginformed bidders do not experience
regret, as they have the weakly dominant stratédydaling valuation. However, if a bidder
chooses to remain uninformed his best réglyo the other informed bidders it the solution to

the following!®
(5) maxp fob fol(vl - 17(1)) —X{vlsv(l)}(vﬂr(v(l) - U1)dF(V1)dFN_1(V(1))

The first order condition amount to:
(6)([017*(171 —b") —r(b* —v)dF(vy) + fl* (v, — b*)dF(v1)> (N —=1DfBHFN2(b*) =0

If r is strictly positive on a subset §3,50] with Lebesgue measure larger than 0, it directly

follows that:b* < E[v,] and further:
(7) fob fol(vl - v(l)) _X{vlsv(l)}r(v(l) - vl)dF(vl)dFN‘l(v(l))

< E[max{E[v,], vV} — vV]

A bidder will acquire information if the expectedility of acquiring information is higher

than the expected utility of remaining uninformed:

8 yu(+) denotes the indicator function wigh, (x) = 1if x € Mandy,, (x) = 0 otherwise.
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(8) E[max{E[v],vV} —v®] — ¢

b* 1
> f f (v, —vW) —)({vlsv(l)}r(v(l) — vy )dF (v))dFV (v D)
o Jo

Comparing (8) and (1) with using inequality (7) hhs following result on bidder’'s behav-
iour accounting for anticipated regret. In the setprice auction with regret, there is a cutoff
c¢” > ¢ so that bidder 1 acquires informatiorcik ¢”. Hence he only dispenses with the in-
formation acquisition for a cost > ¢". Consequently, he acquires information for costs
above the threshold predicted in the initial staddaodel. This prediction is consistent with
the result of excess information acquisition. Maexoif bidder 1 remains uninformed, he
bids onlyb* < E[v,]. This explains the experimental data exhibitinguaderbidding effect

in the high cost treatments, where the bidders ireomranformed.

English Auction

The utility function for bidder with regret in the English auction is defined as:

Vi —Dp if v = pandiwins
9) u; (v, p) = {vi —p—r(p—v)if v; <pandiwins
0 if iloses

Herep denotes the price at which the last competitortledt auction and the regret function
r(-) is assumed to have the same characteristics deefaecond-price auction above. As a
result informed bidders have a weakly dominanttefya in the English auction and thus

never experience regret.

As already argued, in the English auction the mi@ion acquisition decision is only made, if
one competitor remains. To formalise the tradebeffiveen the cost of information acquisi-
tion, the probability of winning and the risk ofyang at an unfavourable price including re-

gret we define analogously to section 2.2.2:

H,(p, ¢) = E[max(vy, v;) — v,|v, = p] — c and

b 1
K, (p) = f f W1 = V3) — Xoreoy7 (V2 — 11)AF W1)dF (v]v; > p)
0 0

H,.(p,c) andK,(p) correspond to bidders 1's expected payoff wherctiveent price i® and
one other bidder remains active. For a full chanmésation of the equilibrium we define for

eachc:
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(10) pr"*(c) = sup{p € [0,1]|H,(p,c) = K,(p)} and
(11) p,*(c) = inf{p € [0,1]|E[max(p, v;) — v; + r(max(p,v;) —v4] —c = 0}.

Herewv, is the valuation of the last remaining competit@omparing (10) and (11) to the ra-
tional choice model in (2) and (3) using inequa(ity yields the following predictions for the
English auction with regret. First, there exists(c) < p*(c), py*(c) > p**(c) and b* <

E[v;] so that with two competitors remaining bidder Eslmot acquire information but re-

mains in the auction until < max {p;(c), b*}.

If there is only one competitor remaining apt{c) > p**(c), then bidder 1 also does not
acquire information and bids until the priE¢v,]. However, if there is only one competitor
remaining andp;(c) < p™(c) and ifp € [py(c), p+"(c)] then bidder 1 acquires information
and bids up t@ = b*. Further, forp > p;*(c) bidder 1 drops out and fer< p;(c) bidder 1
stays in the auction. This means that witlic) < p* (¢) and withp;*(c) > p™*(¢) the range
of prices where information is acquired is extend&ccordingly, regret in the English auc-
tion can also explain the excess information actpis Moreover, regarding the bids with
anticipated regret, uninformed bidders drop oubteethe price reaches their expected valua-
tion which is consistent with our underbidding eff®@bserved in the experiment. Finally,
regret can also play a role in explaining the expental result of premature information ac-
quisition. Sincep;(c) < p* (¢) not only more information is acquired with regrigtis also

acquired at lower prices, i.e. at an earlier stage.

Estimation of the Regret Coefficient

Bringing together experimental data and the exteéribeory with anticipated regret we can

estimate the regret. We assume a linear regretitumc

xXx ifx<O0
0 otherwise

r(x) = {

Solving equation (6) foN = 4 with valuations uniformly distributed of®,100], as used in

the experiment we obtain:

Vv1i+ox—1
b* = — 100

With x— 0 and thus no regret the optimal bid in the secamte@uction without information

approache$* = 50, as in the initial rational choice model. Howewsgth increasing regrex
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increases andé* decreases, i.e. with high anticipated regret bidaninformed bidders de-
cline. Based on our experimental results for thed-price auction withh* = 40.6 we can
estimate the regret coefficient &s= 1.25." Putting this result into perspective we compare it
to other auctions with regret. Here Filiz-Ozbay #&uzbay (2007) findx= 1.23 and Engel-
brecht-Wiggans and Katok (2008)= 0.62. Both results are in line with the order of magni-
tude we observe, corroborating that using antieghategret to explain excess information

acquisition as put forward in this contribution lzéso a solid empirical underpinning.

2.6 Conclusions and Outlook

We have provided the first experiment on auctionh wnformation acquisition, studying
how much information is acquired and how it is uskhkis setting is highly relevant to real
world situations such as corporate takeovers, whalgations are usually unknown at first.
We derived our hypotheses from a risk neutral naiachoice model for auctions with the
opportunity for information acquisition. The mosticial discrepancy between theory and our
experimental results is the excessive informaticouasition behaviour for high costs, where
the price of information is not compensated byaterage expected profit. This effect is very
robust and prevails in both, the second-price delaig and the English auction. In line with
this finding, the experiment also showed that sttbjéen the English auction fail to account
for the additional information provided by the nuenlof competitors. This leads to premature
information acquisition strategies. Finally, coresidg the bidding strategies of both informed

and uninformed bidders we observe that subject8ragyusly and significantly underbid.

On the basis of our results, risk aversion as rdst@ model extension could not explain the
behaviour we observed. However, adapting the Initi@ory with anticipated regret, i.e. the
regret from overpaying, which was applicable in satting, can accommodate the experi-

mental results. It explains excess information &itjon and underbidding behaviour.

9 For the English auction we cannot directly eatirthe regret coefficient, as the mean bids @& tisiatment

only impose a lower bound on the bids. In thisttresnt the auction was ended, as soon as the lagiato
tor dropped out, that the maximum bid could notbserved in these cases. However, based on the lowe
bound of bids we can estimate an upper bound ®rebret coefficient ok= 1.97.
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2.7  Appendix

2.7.1 Additional Results

2nd Price Auction (c=2)
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1234567 89101112131415161718192021222324252627282930

M 2nd Price Auction (c=2)

Figure 2.5: Individual Frequency of Information Agsjtion (2nd Price Low)

English Auction (c=2)
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B English Auction (c=2)

Figure 2.6: Individual Frequency of Information Agsjtion (English Low)
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2nd Price Auction (c=8)
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Figure 2.7: Individual Frequency of Information Agsjtion (2nd Price High)

English Auction (c=8)
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Figure 2.8: Individual Frequency of Information Agsjtion (English High)
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2.7.2 Instructions

Instructions

Welcome and thank you for participating in todagiperiment. Please read the following
instructions thoroughly. These are the same fopatlicipants. Please do not hesitate to ask if
you have any questions. However, we ask you te rgosir hand and wait for us to come and
assist you. We also ask you to restrain from comaating with other participants from now
on until the end of the experiment. Please ensaeyour mobile phone is switched off. Vio-

lating these rules can result in an exclusion ftbis experiment.

You will be able to earn money during this expemdhe amount of your payout depends
on your decisions. Each participant will receive payout individually in cash at the end of
the experiment. You will receive 2.50 € as a sh@fae for your presence as well as the sum
of payouts from each round. Possible losses withatend of the experiment be set against
the show-up fee (if you accumulated losses on fdpat, you will be required to pay these in
cash at the end of the experiment). During the ex@st payouts will be stated in the cur-
rency "ECU" (Experimental Currency Unit). 10 ECle aquivalent to 1 Euro (10 ECU =1
EUR). The experiment consists of 20 payout relevamnds.

Course of a Round (Treatment: 2nd Price Auction)

During this experiment you will take part in an aoie of a fictional good. You will be bid-
ding in a group of four with three other particimnThese three participants are pre-
programmed bid robots. Their exact functioning W# described in more detail in the fol-

lowing.

Information prior to the Auction:

The fictional good is of different value for eacldder. Therefore prior to each round the
valuation is determined for each participant. TWasuation is between 0 and 100 ECU and
each number has the same probability. Howevernduhis auction you do not have any in-
formation about your valuation at first. Nevertissleat the cost of 2 ECU/ 8ECU you can at
any time acquire knowledge of your exact valuatiBy.contrast, the bid robots know their
exact valuation of the fictional good. Their valoat just as your own valuation, is between O
and 100 ECU and each number has the same propabitie three bid robots will always
have different valuations.
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Profits and Losses during the Auction:

All bidders simultaneously make an offer for thetibnal good. The bidder with the highest
offer wins the auction. The price for the fictiommlod is set at the amount of the second high-
est bid. The winner of the auction has to pay pinise for the good. If multiple bidders make
the same offer during one round, then the winneamslomly determined. (Please note: You

will not be able to revoke an offer or buy any imi@ation, once an offer has been submitted.)

The payout for the winner of an auction is caledlafrom his previously, randomly deter-
mined valuation of the good minus the price atehd of the auction. (Please note: You will
incur a loss if your offer is higher than your vation of the good. Losses will at the end of
the experiment be set against the show-up fee. Mewéd you accumulate losses on top of
that, you will be required to pay these in caskhatend of the experiment.) Additionally, if
you have bought information at the cost of 2 EC®EH@J, then this amount will be deducted

from your profit or entered as loss.

Feedback after an Auction Round:

At the end of an auction round you will be informadhether you won the fictional good with
your bid. Additionally, you will be informed abothe second highest bid and therefore the
price of the fictional good as well as your indiad profit for this round.

Course of a Round (Treatment: English Auction)

During this experiment you will take part in an aoie of a fictional good. You will be bid-
ding in a group of four with three other particimnThese three participants are pre-
programmed bid robots. Their exact functioning W# described in more detail in the fol-

lowing.

Information prior to the Auction:

The fictional good is of different value for eacldder. Therefore prior to each round the
valuation is determined for each participant. TWasuation is between 0 and 100 ECU and
each number has the same probability. Howevernduhis auction you do not have any in-
formation about your valuation at first. Nevertissleat the cost of 2 ECU/ 8ECU you can at
any time acquire knowledge of your exact valuatiBy.contrast, the bid robots know their

exact valuation of the fictional good. Their valoat just as your own valuation, is between O
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and 100 ECU and each number has the same propabitie three bid robots will always

have different valuations.

Profits and Losses during the Auction:

The auction begins at 0 ECU for the fictional go®dde bid will increase every 2 seconds by
1 ECU. A price clock indicates the current bid i@UE& during the auction. You will also be
able to see at any time of the auction how mangldyslare still active and you will be able to
buy information on your exact valuation. You camugmsthe price clock at wish by clicking
the button "Pause/ Continue”. All participants awétically continue bidding until they leave
the auction round by clicking the button "Quit" treir screen. The auction ends automatical-
ly once only one bidder is left active. The lastivecbidder wins the auction and has to pay
the last price on the price-clock, i.e. the prideew the second last bidder dropped out. If mul-

tiple bidders quit simultaneously, then the winakthis round is randomly determined.

The payout for the winner of an auction is calediatrom his previously, randomly deter-

mined valuation of the good minus the price atehd of the auction. (Please note: You will
incur a loss if your offer is higher than your vation of the good. Losses will at the end of
the experiment be set against the show-up fee. Menvéd you accumulate losses on top of
that, you will be required to pay these in caskhatend of the experiment.) Additionally, if

you have bought information at the cost of 2 ECW#@J, then this amount will be deducted
from your profit or entered as loss.

Feedback after an Auction Round:

At the end of an auction round you will be informadhether you won the fictional good with
your bid. Additionally, you will be informed abotite second highest bid and therefore the
price of the fictional good as well as your indiad profit for this round.

End of the Experiment

All auction rounds of this experiment are payoug¢vant. After completion of all 20 auction
rounds, your payouts for each round as well as gwoarall result will be presented to you in
a summary on your screen. After that we will ask yofill in a short questionnaire concern-

ing the experiment.

Please raise your hand, if you have any furthestijpmes.
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Screenshot Example (Treatment: 2nd Price Auction):

Sie kinnen zusaklich Informationen zu Kosten:  ECU kaufen.

Ihr Gehot:

Screenshot Example (Treatment: English Auction):

Sie kinnen zusatelich Informationen zu Kosten:  ECU kaufen

Der Auktionspreis erhoht sich alle 2 Sekunden um 1 EGLU.

Sie kdnnen die Auktion jederzeit mit dem Butlon "Pause” unten links unterbrechen
und mit dem Button "Fortsetzen” wieder fartfahren.
Wenn Sie Infarmationen kaufen, pausiert die Auktion automatisch.

Begin/ pause/ con-
tinue auction

v

Auktion Starten I ‘ Pause I ‘ Fortsetzen

Information kaufen

Der Preis ist jetzt:

Anzahl aktuelle Mitbieter:
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3 Demand for Non-Instrumental Information in Auctions

3.1 Introduction

Economic theory provides clear predictions regaydie usage of information and the forma-
tion of strategies in auctions (Milgrom and WelE982; Rasmussen, 2006; Vickrey, 1961).
The second-price sealed-bid auction is the mostiefuand best understood format, both
from a theoretical and empirical point of view. Hewer, it still maintains puzzles such as
overbidding, regret and spite motives which cortytashow that human bidders are not ad-
hering to all theoretical predictions. Some depadurom strict rationality in the context of
auctions have already been covered by the exisitergture (Ariely and Simonson, 2003;
Lucking-Reiley, 2000b; Ockenfels and Roth, 2006)t the provision of additional non-
instrumental information has not been studied iis ttontext, yet. Information is non-

instrumental when it cannot directly be used inftrenation of a rational bidding strategy.

This contribution aims at studying the value obmmhation in auctions. Previous works have
relied on the rational choice framework calculatsmghonetary pay-off of information with a
strategic or instrumental value for the biddersrt@te and Jehiel, 2007; Persico, 2000). In
this line of research, first experiments have alyeshown that subjects deviate from the ra-
tional choice model, when assessing the valuefofnmation in auctions (Gretschko and Ra-
jko, 2011). Considering these new insights, whéee dadditional information is essentially
overvalued, the related supplementary work with-imstrumental information can help or-
ganising and reviewing current results. Non-inseatal information should not change a
decision from a standard rational point of viewt lhumight reduce uncertainty about the re-
alisation of a decision as it updates some irrgiepaors. For simple decision lotteries, Eliaz
and Schotter (2007, 2010) argue that decision rsakexy derive some benefit from non-
instrumental information. If that also applies tec@ons, this is would be a starting point for
the explanation of the valuation of additional mf@tion in such games. In particular the un-
derstanding of motives for the excess informatiogugsition behaviour found by Gretschko
and Rajko (2011) can be improved. Hence an expetimedesigned which extends the sec-
ond-price sealed-bid auction, with an informati@quasition option. Here, according to stan-
dard theory non-instrumental information should betassessed or valued at all by the bid-
ders. However, the results show that on the contthere is a positive demand for non-

instrumental information. This demand is signifidardependent only on the costs of infor-

-32 -



mation and not on the group size of competing b&ldéurther, with non-instrumental infor-
mation the individual bids are characterised byanbdiding behaviour.

The remainder of this chapter unfolds as followsct®n 2 combines literature on non-

instrumental information, auctions with informati@ecquisition and standard experimental
results in second-price auctions. On these grosndse hypotheses are derived. The experi-
mental design and procedures are presented isektin section 4 the main results are dis-

cussed. Finally, section 5 gives a short concluaimhoutlook on future research.

3.2 Related Literature and Hypotheses

Investigating the use of non-instrumental informatin auctions embarks upon a very recent
line of research. Up to now, the experimental ditere on auctions has mainly envisaged de-
viations from equilibrium play in terms of the bidd strategies such as overbidding. The
antecedent question of how the information provigedn auction scenario is processed has

not been explicitly addressed.

Nonetheless, the idea of studying the impact of-instrumental information on economic
decision making has already found profound evidenca different context. Foremostly,
Eliaz and Schotter (2007) have demonstrated tlageps buy non-instrumental information in
a standard one player decision experiment congigifnvarious lotteries. Moreover, it has
been theoretically and experimentally validated flayers can derive some additional utility
from the perceived increase in confidence, simghgmvhaving more information for making
a decision (Eliaz and Schotter, 2010). Accordinthr model, anticipated wins are also part
of the utility function. Simultaneously to thesevadces, the literature on auction theory
started to deal with the process of informationuggitjon in auctions (Compte and Jehiel,
2007; Persico, 2000). However, this literature assithat the information to be acquired is
instrumental for the formation of a bidding strateBringing this problem to the laboratory,
Gretschko and Rajko (2011) already confirmed theygrs acquire and use this information.
Expanding on these results, this study investighteg participants of an auction respond to

the costly provision of non-instrumental informatio

Here the information to be acquired does not hameimpact on the bidding strategies, ac-
cording to the standard models widely accepted ased in auction theory. The non-
instrumental information in this context is the gt valuation of the competing bidding
agents in a second-price sealed-bid auction. Tdd#ianal information is costly but not stra-
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tegically useful, as there is a weakly dominaraitstyy of precisely bidding one’s valuation
independent of the valuations of others. Consedpetitis information should never be
bought. Nevertheless, based on the findings okzErad Schotter (2007, 2010), it is expected

that in an auction set-up there is also a posdamand for non-instrumental information.
Hypothesis 1There is positive demand for non-instrumental imfation.

Two previous studies have already used non-instntehéformation in auctions and found

first evidence for such a demand. However, theseiest focus on bidding strategies and on
finding an explanation for overbidding, rather thamalysing the actual information acquisi-
tion behaviour (Andreoni et al., 2007; Cooper aadd; 2008). Cooper and Fang (2008) find
that non-instrumental information is bought in exmental second-price auctions. However,
they do not systematically vary the costs of infation acquisition and the group structure.
Varying the information cost allows testing an intpat hypothesis. If there is a systematic
effect based on players’ reasoning, then thereldhmisignificantly less information acquisi-

tion in the high cost treatments.

Hypothesis 2There is less demand for non-instrumental inforomasit a higher cost.

As already argued, in the second-price-auctiorntunlly bidding one’s valuation is a weakly
dominant strategy. With the non-instrumental infation acquisition option, this prediction
still holds. However, the most pivotal experiment lmdding strategies by Kagel and Levin
(1993) finds more over- than underbidding. Furthemen Cooper and Fang (2008) and An-
dreoni et al. (2007) report a significant impactnoin-instrumental information on players’
bidding strategies. In fact, both studies find éweding in their experimental data. Hence it is
expected, that the bidding strategies are systeailgtiaffected by the non-instrumental in-

formation.
Hypothesis 3Non-instrumental information leads to overbidding.

Finally, there has not been any variation of groamposition in previous experiments. How-
ever, Kagel and Levin (1993) have already found timaler- and overbidding effect in stan-
dard auctions are susceptible to group size,heeamount of under- and overbidding increas-
es with the number of bidders. As a consequeneaekit hypothesis addresses the number of

bidders in an auction.

Hypothesis 4Deviations from valuation bidding increase with thenmber of bidders.
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3.3 Experimental Design and Procedures

The experimental design aims at the utilisatiomaditionally provided non-instrumental in-
formation in a standard second-price sealed-bidi@ut® The item being auctioned was a
hypothetical good associated with independent twivalues for the biddefsThese private
valuations were known to the bidders at the begmmf each auction round. Overall, this
auction game was played for 20 rounds. The profdse calculated as the winner’s valuation
minus the final price and, if applicable, minus tdusts of information acquisition. In the ex-
periment each human subject was matched in a gnatlpone respectively three bidding
robots. These robots were pre-programmed to playviakly dominant strategy of the sec-
ond-price auction, i.e. bidding their true valuati&Knowing that one was competing with a
rational bidding robot rather than a human agémdret was no social interaction in this ex-
periment. This systematically rules out any cordnsdue to uncertainty or strategic reasoning

about other human players.

Overall, all relevant information for the biddingategy is provided in this auction. Neverthe-
less, an information acquisition feature offerirdgliéional non-instrumental information at a
cost of c=2 or c=8 was additionally provid@dAs non-instrumental information, the private
value of the one competing bidding robot with tighlest valuation was chosen.

Information Costs
Group Size Low Cost High Cost
2 players c=2 c=8
4 players c=2 c=8

Table 3.1: Experimental Treatments

Using different cost parameters, the demand fasrmétion can be controlled. Information
acquisition was only possible prior to submittitg tsealed-bid offer. In addition, the group
size was varied in order to assess whether thanmsbrumental information is valued differ-

ently, when there is only one competitor and heheevaluations of all bidders are implicitly

20
21

For the full experimental instructions refeithe appendix.

The distribution of the private values is a unifiodistribution ranging from 0 to 100, and the pt&/ values
are redrawn for every round and for all bidders.

Based on the valuation profiles drawn in thisexipent, the cost of c=2 came down to 10% of oVeraif-
its for the human subjects and c=8 meant a 40%edspof overall profits.

22
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known ex ante when information acquisition is cimog®verall, the experiment yields the 2 x
2 design for the four treatments as depicted iletald. The feedback procedure was the same
for all treatments. Subjects learned each roundhvenghey won the hypothetical good, the
final price of the good, their bid as a reminded délne overall profit or loss for this auction
including the costs of information acquisition gicable. In order to have the costs of in-
formation acquisitions assessed in a realistic rmgnnhwas stressed in the instructions that all

losses in the experiment must be paid to the exyerier after the experiment.

The experimental sessions were conducted in Nove2iEL at the Cologne Laboratory for

Economic Research (CLER). 30 subjects per treataentl20 subjects overall participated
with average payments being 11.83 € including aajuaed show-up fee of 2.50 €. Subjects
stayed in the laboratory for about 55 minutes. fideeuitment was organised with the online
recruitment system ORSEE (Greiner, 2004) and tiper@xent itself was programmed with

z-Tree (Fischbacher, 2007).

3.4 Experimental Analysis and Results

3.4.1 Excess Acquisition of Non-Instrumental Information

The first two hypotheses are based on the fadtjttimalways a weakly dominant strategy to
bid one’s valuation in a second-price auction. Hetie instrumental value of knowing the
highest valuation of one’s competitors is zero. @eemand for this non-instrumental informa-
tion must be zero according to both standard ami¢heory and models for auctions with in-
formation acquisition. But in fact, as exhibitedfigure 3.1, the average amount of informa-
tion acquisition is significantly higher than zein,all four treatment variatiorfé.So in all
treatments subjects do acquire non-instrumentalimtion at a substantial cost. Also as hy-
pothesised, the demand for non-instrumental inftionas higher in the two low cost treat-
ments%* The size of competition, however, being either onéhree bidding robots, does not

make a significant difference to the acquisitiohdgour?*

23 T-test: p-value < 0.0001 for all four treatments.
24 T.test: p-value < 0.0001 for comparing n=2 ard ACross costs.
% T-test: p-value = 0.62 for comparing the low dosatments and p-value = 0.35 for the high cesttinents.
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Figure 3.1: Non-Instrumental Information Acquisitg(all rounds)

Furthermore, when considering the demand for netrumental information for the individ-
ual auction rounds, it becomes evident that thesome immediate learning effect in the first
five rounds (figure 3.2).
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Figure 3.2: Development of Information AcquisitiBrequencies
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After the initial rounds, however, the demand fonanstrumental information stabilises for
all treatments. Even though there is some leareffegt in the course of the experiment, the

main effect of excess acquisition of non-instruraéimtformation does not vanish.

One can consider the possible objection that sdaners drive the effect especially in the
high cost treatments and most players act ratiopalot buying information at all. Consider-
ing the data in table 3.2, 17-37% of players dolot any information and thus act in accor-
dance with the standard theory. 23-37% of playass puy the non-instrumental information
occasionally, i.e. once or twice. However, the mgjof players (33-60%) buy the informa-

tion more than twice which indicates that this repeated conscious decision.

Treatment Percentage of players] Percentage of players| Percentage of players
buying no info buying < 2 buying > 2
c=2, n=2 17% 30% 53%
c=2, n=4 17% 23% 60%
c=8, n=2 37% 30% 33%
c=8, n=4 23% 37% 40%

Table 3.2: Player Types for Information Acquisitio

Altogether, this means that subjects acquiring imstrumental information must derive some

utility or confidence from this information whichey deliberately and repeatedly buy.

3.4.2 Bidding Strategies

In the following, the bidding behaviour of playesscharacterised in terms of over- and un-
derbidding?’ First, all bidders who have not previously acodirgformation are considered.
Then, all bidders who had the additional non-insntal information available are dis-
cussed. Regarding the bidding strategies witholarnmation acquisition, valuation bidding

prevails, with only slight differences between undend overbidding (see table 3.3).

%6 The contingencies on different rounds and the idm®ther the previous round was won are analysetedr
with a fixed effect regression model in the follogisections.

2" valuation bidding is defined as bidding exactly ‘snealuation. Underbidding is every bid under tfaua-
tion and overbidding every bid above the valuatimespective of the size of this deviation.
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Treatment underbidding | valuation bidding overbidding
c=2, n=2 29.7% 57.4% 13.0%
c=2,n=4 19.8% 64.0% 16.3%
c=8, n=2 36.6% 36.8% 26.7%
c=8, n=4 24.7% 46.9% 28.4%

Table 3.3: Bidding Strategies without Non-Instruma Information Acquisition

Over all treatments approximately 50% of the subjexactly bid valuation, which is in line
with a recent study by Garratt et al. (2012) fimdiunder- and overbidding of comparable

magnitude.

More striking are the bidding strategies subjectgpley after they have acquired the non-
instrumental information (see table 3.4). Wheréasliterature on standard second price auc-
tions is usually concerned with resolving the oudatlng phenomenon (Cooper and Fang,
2008), the data on bidding strategies with nondimsental information from this experiment
reveals a much stronger underbidding effect. Acedistour treatments the average underbid-
ding with information, i.e. after information acgition, is 73%, whilst valuation bidding only

occurs in 12% and overbidding in 15% of the cases.

Treatment underbidding | valuation bidding overbidding
c=2, n=2 68.2% 21.9% 9.9%
c=2, n=4 73.0% 12.5% 14.5%
c=8, n=2 76.2% 9.5% 14.3%
c=8, n=4 75.3% 3.2% 21.5%

Table 3.4: Bidding Strategies with Non-Instrumémérmation Acquisition

With regard to hypothesis 3, in this experimentehs strong underbidding of subjects, who
acquire additional information. This underbiddirféeet is similar to the results obtained by
Gretschko and Rajko (2011). However, the effedvien more manifest in this experiment
where with information acquisition only 11.8% ofctions exhibit valuation bidding in the
second-price auction. Gretschko and Rajko (2011 hstill found 37.5% of auctions to

comply with valuation bidding. Thus the non-instemtal information strongly affects bid-
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ding strategies in a manner rarely found in theeeixpental auction literature and hypothesis
3 is rejected.

The generally strong impact of underbidding in #xperiment is also fortified by the size of
underbidding. Whilst without information both ovexrd underbidding are small in size, for
the auctions with non-instrumental information #ftect is severe, as illustrated in table 3.5
(standard errors are in parentheses).

Treatment Mean Bid Mean Valuation
c=2, n=2 52.67 (2.14) 68.76 (1.78)
c=2, n=4 59.81 (1.60) 72.22 (1.39)
c=8, n=2 52.42 (3.05) 75.84 (1.69)
c=8, n=4 60.69 (2.77) 77.55 (1.93)

Table 3.5: Mean Bids for Underbidding with Non-mshental Information

So when deciding to underbid, subjects do not deljiate by small amounts from their true
and known valuation, but underbid by 17.2 on averag order to put this number into pers-
pective, the amount of underbidding found in theesdreatments, but without knowledge of
the non-instrumental information, was only 0.63u3tbidding strategies were strongly af-
fected by the non-instrumental information. Finatlye actual cost parameter of the informa-

tion has little impact on the height of discountlrigs.

With reference to hypothesis 4, in this experiméete is only partial support. When consi-
dering all auctions unconditional of informatiorgacsition there is no difference in valuation
bidding between the two low cost treatmeftdowever, for the high cost treatments there is

a significant effect where valuation bidding ingesa with the number of biddéfs.

%8 Mann-Whitney Test: p-value = 0.772.
2 Mann-Whitney Test: p-value = 0.003
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3.4.3 Further Analyses

This section uses fixed effect regression modelsatatrol for additional influences which
might affect the results previously obtained. Bypick of the regression model one also con-

trols for unobserved heterogeneity between theviddal subjects.

First, regressions are run to analyse the infonadicquisition behaviour (see table 3%An
this regard, the previous results have alreadybbsted that subjects acquire significantly
more information than theory predicts and that teegn do more so, when the costs for in-

formation acquisition are lower.

Dependent Variable: Buy Info

Variables Model 1 Model 2
Intercept 0.055*** 0.074***
(0.016) (0.018)
Valuation 0.003*** 0.002***
(0.000) (0.000)
First_Rounds (1-5) 0.114%** 0.070***
(0.015) (0.015)

Won_Previous_Round -0.020
(0.013)

N observations 2400 2280
Prob > F 0.000 0.000

R? 0.05 0.04

Table 3.6: Fixed-Effects Regression on Informa#agjuisition

According to the first model the information acques behaviour is significantly higher in
the first five auction rounds as the significanefficient of the dummy variablérst _rounds
shows. Of course, also thvaluation has a small, but significant impact on the infatiora
buying behaviour. The second model further corrates the robustness of the results, as the
success of winning in the previous round has neifstggnt impact on the information acquisi-

tions.

Next, the main results regarding bidding behaviawg also analysed with fixed-effects re-
gressions (see table 3.7). Model 1 starts withvilleation of the subjects as an independent
variable and confirms its highly significant impagdso the previous result of severe under-

bidding is verified with the regression, where toefficientbuy_infofor buying information

%0 All regression models are with standard errorsarepthesesMoreover, standard OLS regressions yield the
same overall results for both dependent variables.
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Is significant and highly negative. This substaetahe robustness of the underbidding effect
found here. Moreover, the base model shows thdtittteng behaviour in the first 5 rounds is
different from the remaining auction rounds. Mo@ehdditionally controls for the highest
valuation of the competing bidding robots, i.e. tle@n-instrumental information. This indi-
cates a significant effect on the bids, but thedfis relatively small in its magnitude. With
model 3 it can be shown that it has no impact as,bwhether the previous round was won.

Dependent Variable: Bid

Variables Model 1 Model 2 Model 3
Intercept 6.272*** 3.861*** 3.176***
(0.817) (1.029) (1.098)
Valuation 0.883*** 0.869*** 0.866***
(0.126) (0.013) (0.013)
Max_Valuation_Competition 0.052*** 0.066***
(0.014) (0.013)

Buy_Info -10.360*** -10.485*** - 10.271***
(1.044) (1.042) (2.079)
First_Rounds (1-5) -3.174%** -3.517%** -2.213**
(0.763) (0.766) (0.776)

Won_Previous_Round -0.132
(0.631)

N observations 2400 2400 2280

Prob > F 0.000 0.000 0.000
R? 0.65 0.65 0.68

Table 3.7: Fixed-Effects Regression on Bids

3.4.4 Discussion

This experiment relates to two new strands ofditéne, i.e. non-instrumental information and
information acquisition in auctions. With respeettthe first one, the experimental data gives
credence to the basic insight by Eliaz and Sch¢2@d7) that non-instrumental information

matters in economic decision making. In the appsieeinario of an auction rather than a lot-

tery choice experiment, the basic result persists.

Putting the experimental results into perspectivth \eretschko and Rajko (2011) helps
shedding light on their results, as it not only fomnms that information acquisition is not in
line with rational choice models, but that it i9ust even in this very simple set-up. Hence
this experiment confirms the substance of the guakkexcess information acquisition behav-
iour and also explains some of the results fromt€ehko and Rajko (2011). In particular,
when considering the magnitudes of information &itjon in the two experiments, based on

very similar and thus comparable designs, theegi@information acquisition for high costs
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showed a 55% excess acquisition of information, re&® the non-instrumental information
only exhibited 18%. Hence the motives underlyinig thehaviour and driving the results for
non-instrumental information acquisition, such geeference for confidence, could also ac-
count for some of the puzzle of excess acquisitiehaviour for strategically relevant infor-
mation. Additionally, the weak underbidding efféatind by Gretschko and Rajko (2011) can
be reproduced with this experiment. In fact, thifeat is even 60% stronger in the non-

instrumental information experiment at hand.

3.5 Conclusions and Outlook

This contribution has extended recent work on auastiwith information acquisition, which

has given a first indication of departures fromaral choice in this context. In order to im-
prove the understanding of the behaviour in suchi@ns, the literature on non-instrumental
information was taken up and the demand for notrtingental information in a second-price

auction was investigated.

The experimental design extended a second-pridedsbal auction with the opportunity to
acquire non-instrumental information. Two main feswere found. First, there is a substan-
tial demand for non-instrumental information, supipg the notion of a preference for confi-
dence. Secondly, the bidding strategies that ptayee when having acquired the additional
information deviates from most other auction expents. Bidding strategies hardly depend
on the number of bidders. Nevertheless, the adgunsof non-instrumental information sub-
sequently leads to substantial underbidding; botteims of frequency and amount of under-
bidding. Altogether, the acquisition and processahgnformation in auctions is a promising
field for further research. The experimental resuitthis area are very strong, and yet, there
is little theoretical work fully explaining the olxsed behaviour.
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3.6  Appendix

3.6.1 Instructions

Instructions

Welcome and thank you for participating in todagiperiment. Please read the following
instructions thoroughly. These are the same fopatlicipants. Please do not hesitate to ask if
you have any questions. However, we ask you te rgosir hand and wait for us to come and
assist you. We also ask you to restrain from comaeating with other participants from now
on until the end of the experiment. Please ensaeyour mobile phone is switched off. Vio-

lating these rules can result in an exclusion ftbis experiment.

You will be able to earn money during this expemdhe amount of your payout depends
on your decisions. Each participant will receive payout individually in cash at the end of
the experiment. You will receive 2.50 € as a sh@fae for your presence as well as the sum
of payouts from each round. Possible losses withatend of the experiment be set against
the show-up fee (if you accumulated losses on fdpat, you will be required to pay these in
cash at the end of the experiment). During the ex@st payouts will be stated in the cur-
rency "ECU" (Experimental Currency Unit). 20 ECle aquivalent to 1 Euro (20 ECU =1
EUR). The experiment consists of 20 payout relevamnds.

Course of a Round (Treatment: 2nd Price Auction)

During this experiment you will take part in an aoie of a fictional good. You will be bid-
ding in a group of two/four with one/three othertgdpants. These one/three participants are
pre-programmed bid robots. Their exact functioniity be described in more detail in the

following.

Information prior to the Auction:

The fictional good is of different value for eacldder. Therefore prior to each round the
valuation is determined for each participant. TWasuation is between 0 and 100 ECU and
each number has the same probability. Only youratadn is known to you. At the cost of 2

ECU/ 8ECU you acquire the highest valuation ofdbmpeting bidding robots.

Profits and Losses during the Auction:
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All bidders simultaneously make an offer for thetibnal good. The bidder with the highest
offer wins the auction. The price for the fictiommod is set at the amount of the second high-
est bid. The winner of the auction has to pay piise for the good. If multiple bidders make
the same offer during one round, then the winneamslomly determined. (Please note: You

will not be able to revoke an offer or buy any imi@ation, once an offer has been submitted.)

The payout for the winner of an auction is calediatrom his previously, randomly deter-
mined valuation of the good minus the price atehd of the auction. (Please note: You will
incur a loss if your offer is higher than your vation of the good. Losses will at the end of
the experiment be set against the show-up fee. HMewéd you accumulate losses on top of
that, you will be required to pay these in caskhatend of the experiment.) Additionally, if

you have bought information, then this amount téldeducted from your profit or entered as
loss.

Feedback after an Auction Round:

At the end of an auction round you will be informadhether you won the fictional good with
your bid. Additionally, you will be informed abothe second highest bid and therefore the

price of the fictional good as well as your indivad profit for this round.

End of the Experiment

All auction rounds of this experiment are payou¢vant. After completion of all 20 auction
rounds, your payouts for each round as well as gwoarall result will be presented to you in

a summary on your screen. Please raise your hiaywlj have any further questions.
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Screenshot Example (Treatment: % Price Auction):

Fir Sie betragt derWert des Gutes:  ECU.

Hier kinnen Sie die hachste Wertsthatzung hres Gegenspielers zu Kostenwon  ECU kaufen.

Auktion

Information kaufen

Ihr Gebot:
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4 Risk and Ambiguity in Global Games

4.1 Introduction

Economic interactions, in which strategic completagties require coordination among
groups of players, do not automatically result fficent outcomes! Assuming common
knowledge of the payoff structure and rationalitycmg agents, coordination games typically
have multiple equilibria with self-fulfilling feates complicating the analysis and derivation
of possible policy implications. Bank runs (Diamoawld Dybvig, 1983) and speculative at-
tacks (Obstfeld, 1996) are canonical examples, &gbemmon knowledge results in indeter-
minacy of coordination outcomes. The theory of glapmes accounts for the fact that play-
ers often have some private information and releex dommon knowledge assumption by
perturbing the payoffs associated with accordingpoas (Carlsson and van Damme, 1993;
Morris and Shin, 1998, 2003). Some important wankgtobal games assumes both public
and private information regarding the actual galred ts played (Heinemann et al., 2004).
This important assumption can be extended to havamigitions of risk with respect to signal
precision or even ambiguous information about oo@/a signal precision, i.e. multiplicity of
priors. Accounting for ambiguity is a meaningfultexsion for global games, as it often ap-
plies in real life scenarios. Here one would rataigw the exact precision of information, nor
would one have reliable knowledge about the undegldistribution of signals. Accordingly,
risk and ambiguity are a central theme for somenttheoretical advancement of global
games (Ui, 2009). We take these theoretical predistand experimentally investigate a
global game framed as a speculative attack underdifferent types of uncertainty, i.e. risk

and ambiguity.

In particular we assess three main hypothesesawitlexperimental design. Firstly, we con-
firm the consistent use of undominated switchingtegies, but the rare commitment to
unique cut-off values, as a robust finding in glopames. Our second hypothesis confirms
excess aggressiveness in terms of individual st#jbehaviour. We also show that this ex-

cess aggressiveness can be explained as a rdbiestatesponse given certain expectations

31 This chapter is joint work with Christopher Zepfedd.
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regarding the other players’ behaviour. Finally, talee our experimental results to falsify the
prediction from the model of Ui (2009), that thare opposite effects on overall coordination

for increasing risk and ambiguity.

Section 2 discusses the theoretical and experimietature on global games. More impor-

tantly, it also outlines the theory of global ganaesl its extensions for ambiguity. This yields
the equilibrium predictions and the comparativéictaor our experiment. Section 3 presents
our experimental design and procedures. Sectioiseuskes the main results. Finally, sec-

tion 5 provides a short summary.

4.2 Global Games Theoretical Predictions and Hypotheses

Coordination games often assume common knowledgal gfayoffs and rationality of all
players, resulting in multiple equilibria. Howevenany real life situations exhibit strategic
complementarities and players who have some privdtemation are uncertain about the
actions of other players working towards the same &his applies to bank runs, debt crises
or speculative attacks. The theory of global gaf@=sisson and van Damme, 1993; Morris
and Shin, 1998, 2003) avoids the common knowledgeraption by perturbing the payoffs
of associated actions. Instead of observing the state of the world, players receive a noisy
private signal. Hence, the term global games adsofar the fact that the actual game is
drawn from a class of possible games and playerecly observe the actual game with some
noise. The main advantage global games entaibisthiey have a unique equilibrium, which

is in general dominance solvable.

In the following we derive the theoretical equiitbn predictions and comparative statics for
the speculative attack game under both risk andgnt. Based on this we can determine
the parameterisation of the game for our experiaie@sign.

4.2.1 The Speculative Attack Game

We adopt the speculative attack game of Morris @inich (1998) based on the game of com-
plete information by Obstfeld (1996). A central kdaces a continuum of speculators who
independently decide whether or not to attack adiexchange rate (peg). Attacking means
short selling of a unit of currency, which involvieansaction cost&). Whether the currency
can be successfully devalued depends on both #te st fundamentals of the underlying

economy @) and the aggregate mass of attackBrdrf the first stage of the game nature se-
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lects a stat® and the central bank will abandon the peg if thgregate mass of speculators
short-selling is equal or exceeding some criticdug¥(6). We will denote this as the hurdle
function?: R — [0,1] which assigns a critical proportion of agents meefbr a devaluation
to every possible state of fundamentals. We assiiaiel' (6) is decreasing . Further,
w-1(0) = @ is a state above which the safe action is dominayethe speculative action, i.e.
attacking is always successful no matter what thercagents do. On the other hand, if the
economy is sufficiently strong, the central bank miaintain the peg no matter the size of the
aggregate speculative attack. Then we ob#ih(1) = 6 below which the safe action domi-
nates such that attacking cannot be succe¥sfile players have a simple binary choice be-
tween a speculative option (attacking) and a spt®w (not attacking). This game can then
be solved by using global games with its standastimptions.

We will consider actiomm = 1 as “attacking” the currency and actian= 0 as refraining
from doing so. Further we assume that the payoffuatcessful speculation is the actual (but
unknown) state of fundamentals while the agentivesezero if he choosas= 1 but the
attack fails. The payoft(a,l, 8) depends on the chosen action, the aggregate rhapsau-

lators and the actual state of fundamentals. Toatieg payoff structure reads

v(0), [ >W¥()

”(1’1'9):{ 0, 1<%

and
u(0,1,08) = v(c)

wherev(-) is a standard utility functiofi.

4.2.2 The Game with Risk and Ambiguity

In the following we build on Ui (2009) to extendbbl games to risk and ambiguity. Accord-

ing to Ui (2009) we assume thaf1,[,0) is monotonically increasing ihand @, whereas

%2 In order to have a coordination problem, we regjthiat 6 < 6.
% We do not impose any restrictions on the funaidarm of v() besides non-satiation and non-negativity.
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u(0,1,0) is monotonically decreasing ihand 6.** We will now follow Morris and Shin
(1998) incorporating risk into the speculative eittanodel thus transforming it into a global
game. The term risk refers to the fact that agdatao longer observe the actual state but re-
ceive an individual private signal= 6 + £.** Besides the uniform prior of the state, we as-
sume a uniform distribution of noise oeré, ] c R. Here it is crucial that the distribution
of state and noise are common knowledge among sagé&he actual state lies in &
surrounding around the idiosyncratic signal. Acaagty, any signal another ageptcan re-
ceive is at mosk¢ away from agents$’s signal, because all signals are included i&- a
surrounding around the actual state. Based on #$igial, agents can decide on their action
a € {0,1}. In the incomplete information global game, withraque prior on the signal’s pre-
cision, a switching strategy is based on a cutwvafiuex € R , where a rational player

switches from action 0 to action 1:

1, x>k
0, x<kK

s(x|x) ={

Morris and Shin (1998) show, that this strategwisaas the iterated elimination of strictly
interim-dominated strategies. More importantly réhis one unique switching point consti-
tuting a Bayesian Nash equilibrium. The utilityasftion 1 weighted by the conditional prob-
ability of success must be equal to the utilitytled safe action in equilibrium. The switching
equilibrium has the unique cut-off valué above which rational agents attack and the unique

statef* above which attacking is successful.

In reality, however, information is often vagueansense which is fundamentally different
from pure risk. In fact, the real state of the wlad often subject to ambiguity rather than to
risk. Knight (1921) distinguishes risk as objectyvknown probabilities in contrast to ambi-

guity as unknown probability distributions. WithettEllsberg Paradox the response to am-
biguous situations or tasks has been experimerteghgd and since then ambiguity aversion
in simple lottery experiments is a well-establisii@ct (Camerer and Weber, 1992; Ellsberg,
1961; Maccheroni et al., 2006). From a theoretmaispective this is usually captured by

% The standard formulation of global games by Moaimd Shin (2003) uses the weaker assumption ifat o
the utility gain of choosing action 1 over actioisdnonotonically increasing. However, the abovenifaa-
tion is necessary to incorporate multiple priotts ithe model, since agents can assess the actitmditter-
ent priors (Ui, 2009).

% For ease of notation we omit the subscriptsridividual players.
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models with multiple priors such as MaxMin Expectéidity (Gilboa and Schmeidler, 1989)
or Choquet Expected Utility (Schmeidler, 1989)térms of global games with ambiguity an
agent does not know the precision of his signah wértainty. Hence ambiguity can be incor-
porated into global games on the basis of MaxMipdeted Utility (MMEU) and assuming
that agents minimise the expected utility overetight conceivable distributions and then
make decisions which maximise the correspondiniifiesi (Ui, 2009). Accordingly, each
player has a set of conditional probability distitibnsE with cardinality higher than one. We

term this game as a global game with multiple griand index the conditional posteriors
fe(61x) by¢ € 2.

4.2.3 Equilibrium Properties and Hypotheses

The equilibrium structure can be depicted with tbiéowing two graphs. Here, the stat@s

and @ are the bounds of the state space for which raltiohoices are determined from the
outset. In the first illustration one sees thatwesn k™ — ¢ and k* + ¢ the proportion of
agents choosing the risky option is linearly insreg, due to the uniform distribution of the

noise term.

v(-)

v(c)

Figure 4.1: Optimal Cut-off Values and Equilibridtructure

In equilibrium the expected utility for the margiregent from choosing action 0 between
k* — & and@*, and the expected utility from choosing actioneiweend* andk* + ¢ must
be the same to pin down the unique switching &t his is illustrated by the two shaded

areas in the second illustration above.
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Next, we discuss the equilibrium properties undabiguity instead of risk. Here agents do

not know the precision of their signals. They okipw thate~U[—¢, ] is uniformly distrib-

uted with precisiorf € = = [i E] c R. Hence¢ gives the highest precision of signals, as it

induces the smallest support. Analogouglymplies the lowest precision of signals. As for

the case of risk we have to limit the state spacambiguity in order to avoid the spill over

0 1-6
12’ 2 -

According to MMEU-preferences, we look for the aifitvalue that minimises the chance of

of signals. Hence, it must hold that:

N

§<E<{

success for the speculative action. A higher ctitaolf impair coordination and hence the
maximum cut-off valu& () = maxgcz{k" ()} minimises the expected utility of action 1. If
only few people are required for a successful amattbn, prospects for speculation are good
and thus the minimal precision should be considareter ambiguity aversion. Conversely, if
the chances for a successful coordination requaeymagents to coordinate, the maximum
cut-off is determined by the maximum precisionttss prospects for speculating are already
bad.

Hypothesis 1Players use undominated switching strategies uigleand ambiguity.

Furthermore, recent experiments have shown thaesisbbehaviour exhibits excess aggres-
siveness regarding the individual cut-off pointsswitching from one strategy to the other, at
least for risk (Fehr and Schurchkov, 2009; Heinemetnal., 2009). Following these results it

is investigated whether this behaviour is constdi@nglobal games under ambiguity.
Hypothesis 2Players are excessively aggressive under riskaariguity.

Finally, we are particularly interested in the impaf varying both kinds of uncertainty.

Hence the comparative statics are considered mgtbbal game outlined so far. We deal
with a single-prior game for risk and a multiplegorglobal game for ambiguity; in both

cases a theoretically unique prediction for theildgium can be derived. For the equilib-

rium under risk,6* decreases with the imprecision of the signalhdé hurdle function indi-

% For details how the comparative statics are edriefer to the original results in Ui (2009).
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cates a low critical mass ", then increasing imprecision of signals raiseseeilibrium
cut-off. Hence, the optimal cut-off valu€ decreases in the support of the noise and more

coordination is facilitated.

For ambiguity the set of conceivable supports aé@@& is enlarged (i.eZ; € Z,) and the
proportion of agents to receive a signal abeve) decreases. Therefore, the optimal cut-off

valuek™ increases in the support of the noise and redmger=ll coordination.
Hypothesis 3Risk and ambiguity have opposite effects on cowtibn in a global game.

The increase of risk and ambiguity respectivelymplemented with the appropriate change
of parameters in our experimental design. Basethersupport of the noise term, in our set-
ting, for increasing risk the equilibrium cut-ofales will decrease and hence more choice of
the risky option and more coordination are expeckat increasing ambiguity, the cut-off

values increase and hence less choice of the oiskgn and less coordination are expected.

4.2.4 Related Experimental Literature

There is already some literature which discussesettperimental investigation of global
games. One main contribution is Heinemann et &042 who investigated the difference
between public and private information in the glofpames setting. They prove that subjects
play switching strategies with undominated cutaadfues, as the theory predicts. Also they
control comparative static predictions and confihat the estimated subjects’ thresholds in-
crease with the payoff of the safe action and tmaber of players. Anctil et al. (2010) con-
duct a first experiment analysing the role of imsiag information quality in global games
based on the creditor coordination game. Howeweir set-up allows for multiple equilibria,
which impedes a test of comparative statics. Marpartantly, none of the previous global
games experiments incorporate both risk and antlyiglihe first work focusing on this as-
pect is Kawagoe and Ui (2010). Overall, they fihdttincreasing information quality in terms
of reducing risk regarding the private signals Itssun more choices of the safe action. Thus
they establish the comparative statics predictfonscomparing two degrees of risk. More-
over, their ambiguity treatment shows more choigethe safe option than their risk treat-
ments. However, their experimental design companesambiguity and two risk treatments,
so that they cannot test the comparative statiegigtions for ambiguity, as pinpointed in this
chapter. Another distinction is that for the onebaguity treatment, they only consider two
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conceivable supports, whereas we use differentadetapports of the ambiguous noise term
making the decision situation more complex and meadistic.

4.3 Experimental Design

The focus of our experimental investigations ieclity derived from the theoretical consid-
erations which yield different predictions for thaeique equilibrium under risk and ambigu-
ity. Accordingly, we need two treatments to varg Kind of informational uncertainty. More-
over, we are interested in the comparative stéticehanging the degrees of risk respectively
ambiguity. Overall, we have a 2 x 2 design with tbier treatments low risk (LR), high risk
(HR), low ambiguity (LA) and high ambiguity (HA).

The experiment itself followed the standard protamfaonost global games experiments based
on the speculative attack game (Cabrales et abD7;2Cornad, 2006; Heinemann et al.,
2004)*" Subjects had a list of ten different signal nurskerd correspondingly ten independ-
ent decisions to make between a safe action A arskyaction B for every rouni.The de-
cisions were displayed in random order to avoid @mer effects in the application of switch-
ing strategies. Every experiment lasted for 15 dsugiving us 150 decisions per subject. The
state space was drawn from a uniform distributietwieen 20 and 180, the values 0 to 20 and
180 to 200 were not considered in order to avogpil over to the state space, given our

parameterisation.

The only difference between the risk and ambigtratments is the information provided to
the experimental subjects. While in the risk treatits subjects knew the exact precision of
their signal, this information was not given in thmbiguity treatments. Here subjects only
got the information that the actual precision @heport of the noise term) was contained in a
given closed interval. Accordingly, in the riskdtments it was common knowledge that the
signals were either within 10 or 16 around the wstate. In the ambiguity treatment it was
known that the precision of the signal was eithetween 8 and 16 in the low ambiguity

treatment or between 3 and 19 in the high ambiguwgtment. All integer values in between

3" For the full experimental instructions referthe appendix.
% Pplease note that the action 0 from the theoryipatenoted as A for the experiment. Accordingigtion 1
from the theory is denoted as action B.
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were possible. Both intervals were deliberatelysemoso that the average which might be

taken as a focal point was not the actual valub@signal precision.

Set of conceivable ~ Actual | sypjects knew thatd was
Treatment - . .
precisions Precision contained in...
Low Risk (LR) £ € {10} 10 [x —10,x + 10]
High Risk (HR) £ € {16} 16 [x — 16, x + 16]
Low Ambiguity (LA) £ €[8,16] 10 [x —&x+&]
High Ambiguity (HA) & €[3,19] 16 [x —&x+ €]

Table 4.1: Parameterisation of Noise Term acrosatfrents

In global games experiments there is no standaragpgsize. However, it is imperative to have
more than two players in one group, because with two players the global games solution
does not differ from a risk dominant solution. Far experiment, we chose groups of six
players. To reach our objective of analysing bbih difference in risk and ambiguity, which
theory directly predicts and the difference in wiagydegrees of risk and ambiguity, which
theory addresses with comparative statics, we chdsetween-subjects design. This departs
from much of the existing experimental literature global games, which implement within-
subject designs. However, for our purpose it isnemi to have different subjects play the
different parameter settings. Finally, we delibelgomit the provision of feedback between
single rounds, which is sometimes found in relagderiments. This is crucial for our ex-

perimental design to prevent the dissolution of igby due to resampling.

The experimental sessions were conducted in Fepb2@t0 at the University of Cologne

Laboratory for Economics Research (CLER). The erpant was implemented using z-Tree
(Fischbacher, 2007) and the subjects were recruie@@RSEE (Greiner, 2004). In total we

had 120 subjects participating in the experimemsst of them with a background in eco-
nomics or business administration. Subjects wertetmed in groups of six players and the
matching remained constant over the course of Kperement. Every subject received a
show-up fee of 2.50 € and the average pay-off v6a871€ with sessions lasting about 1 hour

and 20 minutes.
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4.4 Experimental Analysis and Results

4.4.1 Undominated Switching Strategies

The theory of global games implies that subjectpleynswitching strategies, i.e. that they
choose the safe action for low states and the fe@iaction for high states with one cut-off
value where they switch their strategy. A stratesggiominated whenever the subject opts for
an action although he knows that the other actieliy a higher payoff with certainty. In our
setting the dominant strategy is to choose theyrigleculative action B, if > 6 + ¢ or to
choose the safe action,xf< 8 — &. The usage of switching strategies is well esshielil by

previous experiments on global games (Duffy andsD2009; Heinemann et al., 2004). We

extend this finding into decision situations witkkrand ambiguity.

Usage of undominated switch-
Treatment : .
ing strategies
Low Risk (LR) 98.89%
High Risk (HR) 98.44%
Low Ambiguity (LA) 96.75%
High Ambiguity (HA) 97.53%

Table 4.2: Equilibrium Cut-offs and Individual Esttes

Here 97.07% of the strategies in the risk treatsiantl 98.64% of strategies in the ambiguity
treatments are consistent with such undominatettising strategie¥. The frequencies with

which these strategies are played do not diffamiicantly between treatments.

4.4.2 Excess Aggressiveness and Best Response Behaviour

Based on the fact that most subjects employ switckirategies, we analyse whether these
are based on unique cut-off points, i.e. the dopiiim prediction of the global game solution.
Overall, only 30% of players under ambiguity andyd@8% of the players under risk have a

unique cut-off point. Regarding our aim of compgrsubjects’ behaviour and equilibrium

%9 For the ambiguity treatments, this is an ovexmbirage over both respective extremes of concaivatelci-
sions.

40" Using the Mann-Whitney Test, independent of thsumed interval of the support we find in the amibig
treatments for the smallest possible support p86 @nd for the highest possible support p = 0.4@thr-
more, there is no significant difference betweeanribk treatments.
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predictions, that imposes the problem that overaly 27% of the subjects always behave
consistently with a unique cut-off. We proceedhe following by estimating cut-off values
for all players! Then we compare the estimated individual cut-afth the equilibrium cut-
offs for all treatment&. We find that the estimated individual cut-off§) (@re significantly
smaller than the equilibrium predictiofisHence, subjects are overly aggressive in their

choices of the risky action as stated in hypoth2$is

GA
Treatment Precision K" () min max K
(between)
LR &=10 89.1 72.14 42.78 105.0 17.32
HR E=16 87.1 72.11 25.06 122.13 17.74
LA §=8 89.7
71.47 33.75 140.69 22.94
&E=16 87.1
HA &§=3 91.2
71.64 40.0 114.35 18.74
&=19 86.0

Table 4.3: Equilibrium Cut-offs and Individual Esites

In case of the ambiguity treatments this holds&oy precision of the signal the subjects
might have assumed in the given range. The acteahncut-off points, as observed in our
data set for those players having a unique cuteo#,all significantly lower than the equilib-
rium predictions? This is consistent with the data from Kawagoe dn(2010).

To further analyse excess aggressiveness, we certtpaaggregate mass of players choosing
the risky action B with the equilibrium predictidar all possible signals. This gives us six
graphical depictions for all treatments (see figlu®). The red lines represent the experimen-
tal data and the blue line the predicted equiltoriplay. This behaviour illustrates that sub-

jects play more aggressively than predicted bythleery, as many switch for private signals

“1 We estimate individual cut-offs via logistic regsion. Since subjects with unique cut-offs extibinplete
data separation we test for robustness of the etsnvia the penalised maximum likelihood estinmatio
(MLE) proposed by Firth (1993). However, the diffiece between ordinary MLE and penalised MLE esti-
mation is only 0.23 units on average.

2 |In the ambiguity treatments we calculate the légriim cut-offs for the minimum and maximum suppof

the noise term for both these treatments.

Two sided t-test: p-value < 0.01.

4 Estimated values are indicated’bgnd mean values Hy).

4> Two sided t-test: p-value < 0.01.

43
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lower than the optimal theoretical cut-off. The wetmess of our results regarding excess ag-
gressiveness and the similar finding by Kawagoe @in@010) suggests that this kind of be-
haviour is independent of the functional form otertainty. However, according to the defi-
nition of a best response in global games, the \behaof economic agents depends essen-
tially on their beliefs about other players’ bediefi.e. higher order beliefs (Fehr and
Schurchkov, 2009; Morris and Shin, 2003).
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Figure 4.2: Aggregate Mass of Players choosingistkg action B

Hence, given that subjects have overly aggressioptimistic beliefs about the other players,
l.e. judging the common cut-off values smaller thia@ theoretical optimum in equilibrium,

the results of excess aggressiveness can stifitlmnalised.

To test this hypothesis we employ two related messior best response behaviour. First, we

use the averages of estimated individual cut-dff$) @and calculate the best responses on this
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basis(K;), given a linear utility function for every subjedthis is done for every treatment

by:

1 (K +& _
2¢ S 040 = c.

Secondly, we determine the highest state up tomwtaordination always failed and the low-
est state from which onwards coordination was asasyccessful. The centre of this interval
serves as our measure for the threshold of a giMepthen take the estimated group thresh-

olds @) from our data set and compute the best respamstiss basigk,) for every group:
22l odo = c.

This allows us to classify the strategies playedun experiment as best responses across all

four treatments and yields the following results.

Mean share of best responses Standard deviation
Treatment Kir Kom Kir Kom
Low Risk 92.38 % 92.58 % 0.0509 0.0440
High Risk 90.47 % 90.76 % 0.0703 0.0623
Low Ambiguity 89.27 % 90.33 % 0.0966 0.0923
High Ambiguity 89.49 % 89.44 % 0.0623 0.0616

Table 4.4: Mean Share of Best Responses

Both measures exhibit evidence for our hypothesiswing that across all treatments about
90% of all decisions can be classified as ratitr@aed on a simple best response model with
overly optimistic beliefs. Therefore overly optiritsbeliefs in the speculative attack game,

become a self-fulfilling prophecy.

4.4.3 Opposite Effects of Risk and Ambiguity

Regarding the comparison of risk and ambiguitylobgl games, we set out from a theoreti-
cal result derived by Ui (2009). Accordingly, arcriease of risk should lower the cut-off
points, whereas an increase of ambiguity shoukkrthie cut-off points. Hence, determining
the equilibrium behaviour for these two kinds ofcertainty, risk should theoretically im-
prove coordination in global games and ambiguityusth diminish it. Regarding risk, the ex-
periment of Kawagoe and Ui (2010) found that desireprisk, i.e. providing a more precise

signal, increases the relative frequency of saflerse However, for their results they did not
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provide statistical tests on the differences of ittdividual cut-offs, but employ logistic re-
gressions on individual choices. We in fact focasttze individual cut-offs as a more funda-
mental and robust representation of individual be&ha in our speculative attack game. The

following figure shows the estimated individual -@ifts across all four treatments:

= =
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Figure 4.3: Estimated Individual Cut-off Values (pdot)

For both risk and ambiguity the two graphs are maldte. We can infer that there is no sig-
nificant difference for either variatich First, regarding risk this means that the resitis
Kawagoe and Ui (2010) are not robust, when compattie distributions of individual cut-
offs. Secondly, the distributions of cut-offs shtvat the predictions of the comparative stat-
ics do not hold for either kind of uncertainty. Wihacreasing the degree of risk respectively
ambiguity, theory predicts an increase respectividgrease of cut-offs for the individual
switching strategies. We initially find no eviderfoe these opposite effects in our data. How-
ever, this might be due to the high variance oiviilddial cut-offs as already discussed by the

figure above.

46 Comparing LA and HA the Kolmogorov-Smirnov testshp = 0.958, for LR and HR the Kolmogorov-
Smirnov test yields p = 0.594.
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Hence, we additionally analyse individual behavibased on logistic regressions with ran-
dom effects. In doing so, we can directly estimatkvidual probabilities to choose the risky
action B in our experiment, whilst controlling feeveral variables. The most central inde-
pendent variables directly corresponding with cesign are th&ignalx subjects receive and

a dummy variable for the high risk treatméiR respectively the high ambiguity treatment
HA. Accordingly, the low risk and ambiguity treatmeiserve as the baseline. Furthermore,
Sexis a standard control variable we elicited frora #dditional questionnaire. Th&ound
controls for time effects in the course of the ekpent, whereadst Roundnly controls for

a difference in behaviour in the very first roundhere subjects might still adapt to the ex-
perimental set-up. Finally, the dumrniique k flags all subjects which made their choices
based on a unique cut-off value for all roundshaf €xperiment. SimilarlyNever Domis a
dummy variable for subjects who never played doteth@witching strategies. For the ambi-
guity treatments this is computed, given the higleaceivable support. Based on these vari-

ables, four models are tested in terms of the ehof¢he action.

According to the theoretical prediction increasiigk from the low risk to the high risk

treatment should increase the probability to chdbsespeculative action B.

Dependent Variable: choice between action A and B

Variables Model 1 Model 2 Model 3 Model 4
Intercept -11.988*** -11.701%** -10.637*** -10.689***
(0.311) (0.437) (0.450) (0.453)
Signalx 0.163*** 0.163*** 0.166*** 0.167***
(0.004) (0.004) (0.004) (0.004)
HR -0.081 -0.084 -0.019 0.0378
(0.255) (0.269) (0.267) (0.277)
Sex -0.212 0.016 -0.017
(0.303) (0.286) (0.294)
1st Round 0.304 0.304 0.306
(0.256) (0.258) (0.259)
Round -0.023 -0.024 -0.024
(0.014) (0.014) (0.015)
Never Dom -1.795%** -1.998***
(0.339) (0.354)
Uniquexk 0.730**
(0.332)
oy 2.547 2.551 2.543 2.529
p 0.664 0.664 0.663 0.660
Wald y? 2219.52 2216.86 2191.65 2177.61
p > x* 0.000 0.000 0.000 0.000
N observations 9000 9000 9000 9000
n clusters 60 60 60 60

Table 4.5: Logistic Regression for Risk TreatméRandom Effects)
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As a first result it is confirmed that the sigmablways has a significant effect on the proba-
bility of choosing action B rather than A (see &a#l4). Also we find significant effects for
the variableiNever DomandUniquek. Thus in the risk treatments subjects who neveyaala
dominated switching strategies are less likely hoose the risky action B. Conversely, all
subjects with a unique cut-off point are more k& choose the risky action based on our
experimental data. Further, all four models indictitat, there is virtually no effect for in-
creasing risk, when considering tH& dummy variable with the low risk treatment as aeha
line. This contrasts the theoretical predictionsvadl as the initial findings on risk in global
games from Kawagoe and Ui (2010).

Applying the same regression techniques to amlyigaée table 4.5), we even find significant
evidence against the initial theoretical predictioe. with increasing ambiguity, as indicated
by theHA dummy variable, the individual probability to clsaothe speculative action B in-

creases significantly.

Dependent Variable: choice between action A and B

Variables Model 1 Model 2 Model 3 Model 4
Intercept -8.971%** -9.886%** -11.036*** -11.034***
(0.223) (0.283) (0.438) (0.442)
Signalx 0.118*** 0.120*** 0.122%** 0.122***
(0.002) (0.002) (0.003) (0.003)
HA 0.279 0.416* 0.542** 0.538***
(0.239) (0.220) (0.262) (0.262)
Sex 1.121%** 0.967*** 0.932***
(0.217) (0.243) (0.252)
1st Round 0.590** 0.596** 0.596**
(0.250) (0.252) (0.252)
Round 0.010 0.010 0.010
(0.013) (0.428) (0.013)
Never Dom 1.243*** 1.184***
(0.360) (0.368)
Uniquexk 0.255
(0.314)
oy 2.276 2.297 2.274 2.277
p 0.612 0.616 0.611 0.612
Wald y? 2483.64 2558.80 2432.87 2420.57
p > x* 0.000 0.000 0.000 0.000
N observations 9000 9000 9000 9000
n clusters 60 60 60 60

Table 4.6: Logistic Regression for Ambiguity Treatms (Random Effects)

This finding entails that in our experiment sulbgebehaved in an ambiguity affine manner,

because for this kind of uncertainty the compaeastatic effect depended directly on the

assumption of ambiguity aversion. Furthermore, @by affinity is in some way consistent
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with the robust observation of excess aggressiginesxperimental global games. If subjects
are overly aggressive or believe others to be g\aggressive and hence the common cut-off
to be significantly lower, ambiguity loving behauiofurther amplifies the choice of the
speculative action for smaller signals. Considethmgy other significant effects in the regres-
sion, we find again that the signal is highly sfgpaint for predicting the choice between ac-
tions A and B, as already found in the risk treatteeMore interestingly, we find a strong

gender effect where males are more likely to choloseisky action B under ambiguity.

The actual round of the game is not relevant ferdacision in both the risk and the ambigu-
ity set-up. However, for risk we assert a strorfgatfof the first round on decision outcomes.
Finally, we also find that under risk the subjettver using dominated switching strategies
are also more frequently choosing action B. Astlar analysis of cut-offs, the regression of
individual probabilities to choose the risky actioloes not support the theoretical predictions
taken from Ui (2009).

4.5 Conclusions

In this paper we have investigated the effectsisif and ambiguity in global games. Even
though theory predicts an opposite effect on coatitbn for these two different kinds of un-

certainty, we do not find this effect in the expegntal data.

First, we corroborated a central result from relaggperiment on global games, showing that
subjects almost always (98%) employ switching sgi&s. However, the cut-offs they use for
this strategies are only rarely unique, i.e. ordy 27% of the players. Theory predicts a
unique equilibrium of cut-offs for any given parasrésation of the global game. However,
when estimating the cut-off values for each subpat experimental data revealed a high
variance. Secondly, we also detected excess aggesss in subjects’ behaviour, which is
consistent with many other experiments on globahegm Further, we demonstrated that the
excess aggressiveness we find can be explainebest eesponse strategy based on the belief
that other subjects behave overly optimisticalllisTis also supported by our data on the es-
timated individual cut-off values which are beldwe tequilibrium predictions.

Finally, we tested the predictions of a theoreticaldel differentiating risk and ambiguity
with respect to signal precision. This theory eatid that an increase in risk from our low to
high risk treatment would result in lower individuaut-offs, more play of the speculative
action and thus more coordination. In contrastafoincrease from the low to high ambiguity

- 63 -



treatment, it predicts the opposite effect of highdividual cut-offs, less play of the specula-
tive action and thus less coordination. Althougpravious experiment by Kawagoe and Ui
(2010) gave first evidence for the effect regardiisg, we could not confirm the theory in

both regards. Regarding the estimated cut-offs éetvireatments we do not find a significant
difference. A further analysis of individual proligkes with a logistic regression even sug-
gests that if there are effects for the comparattaéics, they might be diametrically opposed
to the theoretical predictions. This means thajesaiib in this sort of game are eventually am-
biguity affine. With regard to this final resulyrther work is necessary to elicit why subjects
exhibit both excess aggressive and ambiguity affiekaviour in this kind of coordination

game.
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4.6  Appendix

The instructions have been the same across athtesés. We only changed the paragraph
about what subjects know about the precision af signal. The following version is trans-
lated from German and the according different panalgs are exemplary given for the LR
and LA treatment as the HR and HA treatments wegdifired accordingly.

Instructions

Welcome and thank you for participating in todagigperiment! Please read the following
instructions carefully; they are identical for pHrticipants. Please do not communicate from
now on. If you have any question, raise your hamdl \&e will come to your place and help
you. Furthermore, please switch off your mobile qhoViolating these rules can result in an

exclusion from this experiment.

You can earn money in this experiment. The amoapedds on your decisions as well as on
the decisions of the other participants. At the ehthe experiment, you individually receive
your payoff in cash. Your payoff consists of a shawfee of 2.50 EUR plus the sum of pay-
offs of the single rounds. In the experiment, therency “ECU” (Experimental Currency
Unit) will be used for your payoff. 1000 ECU equale EUR (1000 ECU = 1 EUR).

At the beginning of the experiment you will be randy matched with 5 other participants.
You will never know who these participants are. Yuaill interact with these participants for
the whole course of the experiment as a group pédple; the composition of your group
does not change. In total, the experiment consisi® payoff-relevant rounds with 10 indi-
vidual decisions each. In each decision you haeectivice between two options A and B.
Before the first round, you will have to answerdnprehension questions at the computer.

Course of a round

There are totally 10 decisions between options é Brnin each round. Your payoffs depend
on your decision as well as on a number Y whicinknown to you. You will just receive a
more or less precise hint about Y. Before we priegen the decision options, we will begin

with a characterization of the unknown number Y #redaccording hint.

* The computer randomly chooses an integer Y whiet ietween 20 and 180, i.e. Y

can take the values 20, 21, 22, ... 179 and B&86h number is equally probable.
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For each decision, the computer chooses a newnfarghation given in the LR treat-
ment withé = 10]

The number Y is identical for every participantt Iminot told to anybody. Instead,

every Participant will receive a hint about Y.

All hints are integers and lie between Y — 10 and YO. Every number between Y —
10 and Y + 10 is equally probable. For examplgpii receive the number 80 as your
hint, you know that Y lies between 80 — 10 and 800+ And every number between
80 — 10 and 80 + 10 is equally probable. [Informatyiven in the LA treatment with
§ €[816]]

The number Y is identical for every participantt Iminot told to anybody. Instead,
every participant will receive a hint about Y. Alhts are integers and lie between Y —

€ and Y +€. Every number between Yeand Y +€is equally probable. For exam-
ple, if you receive the number 80 as your hint, koow that Y lies between 80&

and 80 +€. And every number between 8@-and 80 +€ is equally probable. No par-
ticipant knows the value of the numirbut all know thae lies somewhere between

8 and 16. How probable the single valueseddre is not known by anybody. This

means that you do not know how precise the hintbemmnforms you about Y. Every
participant only knows his own hint number. Oneignohint number is drawn inde-
pendently of the hint numbers of the other paréinig according to a random process.
Hence your own hint number usually differs from thiet numbers of the other par-

ticipants in your group.

Based on your hint number you now decide betweemfitions A and B:

If you decide for option Ayou receive 40 ECU. The value for option A is &y the

same.

If you decide for option Byou can reach a payoff of Y. However, this degeod

how many of the other participants in your groupehalso chosen B in this decision.
Option B is the more probable to yield a payoffYothe more participants choose B.
Furthermore: the higher the unknown number Y, #ss Iparticipants are needed for

option B to yield a payoff. The following table si® how many players are required
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given a certain value of Y for option B to yieldgpayoff of Y. (Every participant also

gets this table on a separate sheet.)

If the unkown number Yies within the fol-
lowing interval:

...then theminimum number of participan
(including yourself), who have to choose ¢
tion B for this to yield a payoff of Y is:

p-

40 bis 59

60 bis 79

80 bis 99

100 bis 119

120 bis 139

140 bis 180

RINW|A~OTO

In order to determine the required number of pgdicts for success of option B, the table is

based on the formul& — % This means that for, e.g. Y = 76 a minimumSO#% =8—

YO = 4.2, i.e. 5 or more participants in your group havehoose option B for this to yield a

payoff of Y = 76 ECU. The minimum number of pampiants is always rounded up and there

is always at least 1 participant required.
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Sample Screen for the decisions:

Round Towen 18 Verisibande Tod |sec) 147

|ttt hangiyen el L macin s bn N Optyansn ‘8 e “Or

Number of thy ;
g Your personal Choice between

respective g
P. : hint number AandB
decision

e e

Hurnmar Ih Hirweis hra Wah

Submitting
- the list

: S

» After you have made your 10 decisions, please dickSubmit” to send your list.

* When all participants have submitted their 10 denis the round is over. Subse-

guently, a new round begins.

Exemplary calculation of payoffs

Example 1:

Suppose in this example the unknown Y = 81 has bhesen by the computer. [Remember:
no participant knows the true value of Y, you alwdyst receive a hint number]. According
to the table, for Y = 81 there have to be at |dgsarticipants (or more) choosing option B for
this to yield a payoff of Y = 81 ECU. Suppose, éxample, 2 participants choose option A
and 4 participants choose option B. Those 2 ppeitdis who have chosen option A each re-
ceive 40 ECU. Since 4 participants have choserpBoi B yields a payoff of Y ECU. There-
fore, each of those 4 patrticipants is credited ¥1£CU.

Example 2:

- 68 -



Suppose in this example the unknown Y = 81 has bhesen by the computer. [Remember:
no participant knows the true value of Y, you al&ayst receive a hint number]. According
to the table, for Y = 81 there have to be at |dgsarticipants (or more) choosing option B for
this to yield a payoff of Y = 81 ECU. Suppose, &xample, 4 participants choose option A
and 2 participants choose option B. Those 4 pperdis who have chosen option A each re-
ceive 40 ECU. Since 2 participants have chosemiB,dption does not yet yield a success at
Y = 81. Therefore, those 2 participants who haweseh option B receive 0 ECU for this de-
cision. After all 15 rounds have been played, thgoffs of all decisions of all rounds will get
summed up to a final payoff. In addition to yourdi payoff you will get the show-up fee of
2.50 EUR.

Questionnaire

At the end of the experiment, we will hand out arslguestionnaire. The stated data therein,
along with all other collected data, will be mad®aymous. We would like to ask you to fill

out the questionnaire.
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5 Disclosing Conflicts of Interest

51 Introduction

Information and its reliability and completenesge aentral elements in economic decision
making?’ However, people frequently lack full information @ecisions have to be made on
the ground of asymmetric information as in printi@gent conflicts (Benabou and Laroque,
1992; Inderst and Ottaviani, 2009). This is esplciae case whenever a decision maker
does not have the necessary expertise, as for éxammatient compared to his doctor or an
individual investor compared to his financial adwvisThus in many economic and social
situations, people obtain advice from professianglerts who are better informed or more
proficient. However, when the interests of an aolvend a client are not perfectly aligned, a
conflict of interest shapes their relationship.sTts a major impediment to perfect informa-

tion transmission and the realisation of efficientcomes.

Our investigations address this general problemfofmation transmission. The conclusions
drawn here can then be transferred to applicatimm @s conflicts of interest for financial
advice. In this realm financial advisors are usuadtentivised differently for different prod-
ucts; this prevents them from making optimal decisifor their customers. Moreover, in
such a scenario customers might not be aware dlictsrof interest, which affects the strate-
gic responses to their received advice. Sendeivecgames can be used to model conflicts
of interest and their disclosure. In essence, assgk is meant to prevent the advisor from
giving biased advices. Accordingly, legislatorguiators and many academics regard man-
datory disclosure of conflicts of interests as lblest policy advice. Since November 2007 the
European Union’s “Markets in Financial Instrumebisective” (MiFID) is enacted, which

requires the disclosure of commissions for the shfamancial products to retail customers.

With our experiment we investigate the effectsrahsparency, when disclosing conflicts of
interest. We use a cheap-talk sender-receiver gamehich only a sender, i.e. an advisor,
has private information about a true state of tbhedvand then transmits a message about the

state to a receiver, i.e. a decision maker (Cai\Maohg, 2006; Crawford and Sobel, 1982;

4" This chapter is joint work with Axel OckenfelscaRoman Inderst.
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Sanchez-Pages and Vorsatz, 2007). By means of thifeeent treatments, we analyse the
effects of different degrees of transparency aloouflicts of interest on subjects’ behaviour.
We find that disclosing the conflict of interesttteas as it diminishes the informativeness of
the game. Nevertheless, sender behaviour is cleaissext by overcommunication and receiv-

ers are discounting biased advice insufficiently.

The remainder of this chapter unfolds as followisgction 2 presents some related literature
and the basic game theoretical structure as this kasour experimental study. Section 3
describes our experimental design and procedutesn $ection 4 presents and analyses the
main results. Section 5 gives a short discussiahfiaally the last section concludes the find-

ings and gives an outlook on further extensionsusfexperiment.
5.2 Related Literature and Hypotheses

5.2.1 Related Literature

In this section we give a short overview of theatedl experimental literature on information

transmission games as well as on disclosing casflitinterest.

The first experimental investigation of CrawforddaBobel’s information transmission game
was conducted by Dickhaut et al. (1995). It hagatmrated the theoretical predictions, and
in particular proven that increasing the biagdeads to senders gradually transmitting less in-
formation?® However, transmitting less information is stillffdrent from the equilibrium
prediction of not transmitting any information; lten an “overcommunication effect” is
found. This effect was also confirmed by Cai andn@/&2006) for a similar strategic infor-
mation transmission game. Here again senders reve@ private information as well as re-

ceivers trust senders’ messages more, than predigtthe most informative equilibriufi.

Coming to the second point at hand, there is i literature specifically devoted to study-
ing disclosure in information transmission gamesscldsing conflicts of interest was first
experimentally assessed by Cain et al. (2005). elle&periment was based on a principal-

agent model, where the agents had financial ineestio exaggerate their advice. This con-

8" For a survey on experiments regarding informatiansmission and cheap talk confer to Crawfor®g)9
49 Other recent experimental studies of informatramsmission games can be found in Wang et al.q)2and
Sanchez-Pages and Vorsatz (2007).
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flict of interest was disclosed in one treatment tmdisclosed in the other. However, in the
disclosed conflicts of interest treatment, printspaere not able to sufficiently discount the
agents’ reports. The agents did also not achiegleehipayments in the undisclosed treatment
as one would expect. These results are a firstatioin that increasing transparency does not
necessarily increase efficiency under conflictgntérest. Koch and Schmidt (2010) replicate
these main results in a different experimentalrsgttAnother recent study of de Meza et al.
(2007) on behalf of the Financial Service Author{§SA) in the United Kingdom also

showed only small evidence that mandatory inforamatlisclosure matters.

5.2.2 Theoretical Predictions and Hypotheses

We base our investigations on a simple informatransmission game, where a sender and a
receiver are interacting. Generally, in this clasgames the sender has better or more reliable
information, but the receiver has to take a denisvich determines the payoff for both play-
ers. Thus we have a dynamic game with incompldtanmation, which structure is as fol-

lows:

1. Nature draws a stagefrom a set of possible stat8s= {s;,...,$/} according to a prob-

ability distributionp(s), wherep(s) > 0 for everyi andp(s;) + ...+ p(s) = 1.

2. Only the sender observesand chooses a messagefrom a set of possible messages

M = {my,...,m} to send to the receiver.

3. The receiver only observes but nots and then chooses an actianfrom a set of

possible actioné = {ay,...,&/.

4. Sender and receiver payoff functions are giverugy (s, a) andUgr = (s;, &), re-

spectively.

In this paper we follow the model of Crawford anob8l (1982) which specifies the follow-
ing utility functions W for the sender anddJor the receiver:

Us(s,a) = —[a; — (s; + b)]?

Ur(s,a) = —(a; — s;)?
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This continues the basic setup and introduces ¢né&ral paramete, which constitutes the
conflict of interest in the sender’s utility funafi. In this game sender strategies can be either
pooling or separatin. The equilibrium analysis yields, that there arefully separating
equilibria but only partial pooling equilibria (Guéord and Sobel, 1982). Therefore, unless
the sender’s and receiver’s interests are identiealcheap-talk game with a conflict of inter-
est has no equilibrium in which the sender acclyagports the true state of the world, ex-
cept for incidentally telling the truth. Hence,tife conflict of interest becomes transparent

there should be no communication in this game.

We examine the correlation between the true statethe world and the messages sent
(henceforth CorrSM) to measure the informativeresa sender’'s message. How trusting a
receiver is can be measured by the correlationdmtvthe message he receives and the action
he takes (henceforth CorrMA). Finally, the informaahess of the entire process of informa-
tion transmission can be quantified by the cori@habetween final actions and the initial true
states of the world (henceforth CorrSA).

Concerning our disclosed treatment (T3), if theran@ conflict of interest, i.d0=0, perfect
communication is possible in the game. Here tharsging and completely informative equi-
librium would commence as most informative equilibr. In this case all correlations would
be 1, meaning that a sender always tells the fartbvery possible state of the world and the
receiver always decides to take the action accgrttirthe sender’'s message. As the conflict
of interest exists, no information can be transditbetween the sender and receiver. Here the
babbling equilibrium would occur as most informatequilibrium, in which the sender pools
for the states 1, 2, 3, 4 and 5 and the receiwveayas chooses action 3, no matter what mes-
sage he receives. Thus, the theoretical prediftiothe disclosed treatment would expect all

above mentioned correlations CorrSM, CorrMA andrSArto be 0.

For the intransparent treatment (T1) and semi-parent treatment (T2) the theoretical pre-
diction is that forb=0, we should also observe: CorrSM=CorrMA=CorrSA=Ilorkbver, for
b=2 we should find CorrMA=CorrSA=1, but CorrSM=0 inetintransparent treatment. And

0 The pooling strategy is characterised by sendimgsame message independent from the state drawn b
nature. The separating strategy on the other haaahssending different messages depending on dwendr
state. So both pooling and separating equilibréaparssible in this game. In the basic model thaevaf b is
common knowledge.
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for b=2 in the semi-transparent treatment we expect CorGdMrMA=CorrSA=0, as the

players know about the possibility of the confliftinterest and thus cannot trust each other.
Based on the theoretical predictions we deriveltasic hypotheses.

Hypothesis 1As the conflict of interest occurs, less informatis transmitted by a sender

(CorrSM) and less is utilised by a receiver (Corr\aaross all treatments.

Hypothesis 2Considering the conflict of interest under the eliéint transparency conditions,
we expect that the informativeness (CorrSA) grdgiuddcreases when increasing the degree
of transparency. Especially, in the disclosed ineait there should be no exchange of infor-

mation.

Regarding the adaption of behaviour we make twthé&urhypotheses, one for the sender and

one for the receiver.

Hypothesis 3When conflicts of interest are disclosed, a sefekds more morally licensed to
distort the truth. Therefore disclosure causesowding out effect on senders’ moral costs of
lying and his feelings of guilt.

Hypothesis 4When conflicts of interest are disclosed, a reaeiseationally less credulous
and thus discounts the received messages moree&xpect receivers to increase their dis-

counting of messages with increasing transparency.

5.3 Experimental Design and Procedures

Based on the existing experimental literature,aherstill no consistent theory explaining the
interplay of information transmission and disclgseonflicts of interest. Therefore we devise
a new experimental design to study the effects whemreasing transparency levels. For three
different transparency levels we observe the belawof a potentially biased advisor and that
of his client.

In our experiment, subjects are paired to playftllewing game of strategic information

transmission: One player always acts as a sendgrag an advisor, and the other as a re-
ceiver, e.g. as a client or investor. These roleskapt constant with a partners matching
throughout the experiment in order to facilitatarteng and reputation building. Senders are
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neutrally called “participants A” and receivers aatled “participants B” in our instructioris.

At the beginning of each round, the sender is mid about thetfue state of the world
which is a numbes uniformly drawn from the state spaSe={1, 2, 3, 4, 3 that is referred to
as“random number” The receiver is not informed about the random Imemnbut about the
distribution ofS. The sender then sends a message the receiver from the set of messages
M = {1, 2, 3, 4, 3. After receiving the message from the senderyeceiver decides on an
actiona from the action spaca = {1, 2, 3, 4, 3. The true state of the world and the re-

ceiver’s action then determine both players’ payaffcording to the following formulas:
Sender:N¢ =110-10s+b -4
Receiver:N , =110-10s-a/"*

The exponent of 1.4 is chosen to make payoffs reensitive to the choices subjects mke.
Additionally, the sender is subject to a bsvhich is uniformly drawn from the bias space
B = /0, 2} that indicates a possible conflict of interestmsn the sender and the receiver. If
b=0, players’ interests are perfectly alignedy#2, they are not perfectly aligned. Hence, the
receiver achieves the highest income if his acti@iches the true state, while the sender’s
payoff peaks when the receiver chooses the true sfathe world plus. The payoffs are

assigned in Experimental Currency Units (ECU).

We then run three treatments with the distincte@uire of different degrees of transparency
about the sender’s conflict of interest. In albtreents the sender is informed about the reali-
sation of the true state of the world and aboutbras at the beginning of each period. Addi-
tionally, he is endowed with information about argl the receiver’s actions and payoffs after
each round. By contrast, the receiver is neveriméal about the realisation of the true state at
the beginning of each period. The three treatmesutyg in the provision of information about
the sender’s bias for the receiver at the beginoingach period. Treatment 1 (T1) is called
“intransparent”, because the receiver does not know if the semsdsubject to a conflict of
interest. He is just equipped with feedback abasipphyoff at the end of each round. Treat-

ment 2 (T2) is calle@semi-transparent’; because the receiver is informed that the prdbabi

*L For the full experimental instructions referthe appendix.
*2 These payoff functions are similar to those ofrigyat al. (2010).
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ity of b=2 is 50%. Additionally, he receives feedback notyatbout his payoff but also about
the true state of the world and the sender’s pagiéir each period. Finally, treatment 3 (T3)
implements thédisclosed” setting, i.e. at the beginning of each round ks#hder and re-

ceiver are informed about the realisation of tlasbi

The experimental sessions took place in Februa®@ 22 the Cologne Laboratory for Eco-
nomic Research (CLER). The subjects were seatetbnaly and there was no opportunity for
communication. The instructions explained all polesiactions and payoffs of senders and
receivers so that payoffs could be looked up iakdetinstead of being calculated. Moreover,
in order to ensure that every participant undesthe@ game-structure we conducted a short
quiz before the start of the experiment, which vithsd out correctly by all participants.
Overall, 96 subjects participated. About 50% of plagticipants were studying economics or
business administration; the other half came fraherofields of academic studies. All sub-
jects received a guaranteed show-up fee of 2.50 Bod on average the participants earned
14.40 Euro with sessions lasting for approximafef/hours. For the recruitment we used the
online recruitment system ORSEE (Greiner, 2004)thecexperiment itself was programmed
with z-Tree (Fischbacher, 2007). At the end of ese$sion and before the payment, partici-
pants were requested to fill out a questionnaikengdor their beliefs about the average deci-

sions of the other participants and for basic deegagc information.
54 Results and Discussion

5.4.1 Main Experimental Results

For assessing our two first hypotheses we consiaeeffect of introducing a conflict of in-
terest into the three different information treattse Here we obtain the following results, as

presented in table 5.1.:

Sender Receiver
Treatment CorrSM, b=0 CorrSM, b=2 CorrMA, b=0 CorrMA, b=2
T1 "intransparent” 0.946 0.616 0.809 0.600
T2 "semi-transparent' 0.921 0.686 0.812 0.773
T3 "disclosed"” 0.995 0.443 1 0.395

Table 5.1: Effects of Conflict of Interest
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Regarding the first hypothesis, as expected tredmost perfect information transmission
without the bias across all treatment variationsisTconfirms the prediction based on the
model from Crawford and Sobel (1982) that correladibetween states and message are one.
Moreover, we can confirm that shifting from the Auased to the biased-setting the informa-
tion transmitted by the sender drops. Neverthetésse is still a positive correlation between
states and messages. Therewith we can corrobamatargesults, finding an “overcommuni-
cation phenomenon” (Cai and Wang, 2006; Wang eR@lL0). More importantly, without a
prevailing conflict of interest the disclosed treanht gives the most truthful messages,
whereas with a conflict of interest the disclosesitment gives the least truthful messages.
These tendencies are still in line with the thebiyt, the correlation of states and messages in
T3 being 0.443 and thus significantly differentrfraero necessitates further discussion. Pos-
sible explanations are that strategic consideratiomit the amount of truth distortion or
senders feel morally obliged to lie only within tzén boundaries. This discussion is taken up

in the next section with a more detailed analyésemder behaviour.

For the receiver responses, we find that they agivoach or equal one in the setting without
a conflict of interest. However, as the bias islengented, the credulity decreases. Receivers
trust senders’ advice more in the two non-disclesreatments? When conflicts of interest
are disclosed, a receiver is less credulous omdess biased message. More importantly,
senders are more successful in misleading recewkesn conflicts of interest are not made
transparent. The change in the intransparent teggtrshifting from the non-biased to biased
setting, is insignificant. The same holds for teead treatment, where we would have ex-
pected some adjustment of the receivers actiortsiuse now they were well informed about
the possibility of bias. In the disclosed treatmest observe a significant drop of following
behaviour, which is in line with our predictionsutBstill there is a correlation of 0.395 which
is significantly different from the theoretic pretion of 0. Hence in the disclosed and semi-

transparent treatment receivers are overly credulou

% These differences from T3 are significant at al6%l in T1 and at a 1%-level in T2, respectivefpr T1
with p = 0.016 (two-sided) and for T2 with p < 0.Q%vo-sided), each with reference to T3. Signifioarmf
the difference between two correlations from twdeipendent samples is tested using Fischer’s rttars-
formation.

* The correlation between messages and actiong iis Significantly different from T3 at a 1%-levgivo-
sided).
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Coming to the second hypothesis we compare therglegificiency of information transmis-
sion for the different treatments. We find thatheiit a conflict of interest, there is no signifi-

cant difference in terms of information transmissas predicted.

Treatment CorrSA, b=0 CorrSA, b=2
T1 "intransparent” 0.729 0.451
T2 "semi-transparent' 0.780 0.620
T3 "disclosed" 0.995 0.198

Table 5.2: Information Transmission across Treatsen

However, with the conflict of interest there isrsigcantly less information transmission in
the disclosed treatment than in the two other meats>” In fact the correlation of 0.198

shows that information transmission converges to gethis treatment.

5.4.2 Results of Sender Behaviour

After having established the main insights for ¢krerall game, we now focus on hypothesis 3
and a more detailed analysis of the sender behavigased on these findings we have a
closer look at strategic elements of deceptionl&&t8 shows the high rates of deception in
all treatments, where there is a conflict of inseré&irst of all we can state, that there is adren
towards less deception, when increasing the degfrél@nsparency. Thus full disclosure of
conflicts does increase the frequency of lying ms might suspect. Therefore the frequency

of lying can still not explain the behaviour in bBlased treatments.

Treatment Percentage of deception
T1 "intransparent” 78%
T2 "semi-transparent" 69%
T3 "disclosed" 67%

Table 5.3: Frequencies of Deceptive Messages iceRewherb=2

Next we consider the extent of exaggeration, whsckdefined as the difference between a
sender’'s message and the true state of the waddfigure 5.1). Here we find that increasing

%5 The differences in all these correlations betwiberthree treatments are however not significant.
* However, the differences between the three treatsnare not statistically significant using a Mann
Whitney Test.
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the transparency level also significantly increasesextent of the lies. In particular, for T1
the extent of exaggeration is 1.22 and for T3 it.i59°" Therefore not the frequency of lies

but their size drives the overall results for deimepin the disclosed treatment.

BT1 “intransparent” B T2 "semi-transparent"” 0OT3 "disclosed"

15

Average size of exaggeration

0,5 1

Periods -1C

Figure 5.1: Average Extent of Exaggeration (b=2)

Nevertheless, the average extent of exaggeratistillielow the theoretical prediction of 2.
So from a theoretical perspective our experimeontshthat senders do lie less often and to a
less higher degree than predicté@hus hypothesis 3 is only partially confirmed, ders feel

more morally licensed to distort the truth undesctbsure, but they still overcommunicate.

5.4.3 Results of Receiver Behaviour

Next we discuss the data concerning receiver behavinalogously to frequency and extent
in the sender’s lying, we can break down the rem&vfollowing behaviour into frequency
and extent of discounting. For the frequenciesdtita from table 5.4 shows that receivers are
following senders’ messages in about 50% of the<asall three treatments. 50% is also the
ex ante probability one would expect for acciddpt@lilowing an honest message. However,
the main question is whether receivers have leatmeéistinguish trustworthy from deceptive

messages in the game. Therefore we compare theefieigs of following honest messages

" Mann-Whitney Test with p = 0.041 (two-sided). Tdifferences in the sizes of exaggeration betwekarid

T2 as well as between T2 and T3 are not significant

Consequently, our data on average payoffs shbatsfor the conflict of interest deceptive sendereive
higher payoffs for all treatments. So lying in tigiame of information-transmission pays off (seeespolix
table A3).
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and following dishonest messages. In the two ngolased treatments there is little deviation
from the 50% probability of following a dishonestlmnest message.

eneral not following not following
Treatment genel dishonest honest
following
message message
T1 "intransparent” 51% 51% 47%
T2 "semi-transparent” 47% 62% 45%
T3 "disclosed" 51% 7% 27%

Table 5.4: Frequencies of Receivers Following Sesidéessages

However, in the disclosed treatment we find 77%haf receivers not following deceptive
messages any moreOverall, while the degree of transparency is iasieg from T1 to T3, a
gradual increase in the frequencies of not foll@niteceptive messages is obsertfedook-

ing at the receiver's behaviour regarding honestsages proves that in the disclosed treat-
ment the receivers also follow honest messagedregmsently. Hence receivers’ propensity to
distrust in the disclosed setting also has a negatipact on their following behaviofit.
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Figure 5.2: Average Extent of Discounting Dishoridsssages

% The difference between T1 and T3 of not followantje is significant at a 10%-level. Mann-WhineyTi@st
with p = 0.063 (two-sided).

0 The difference between T2 and T3 is however igpificant.

®1 The differences between the treatments of naidhg an honest message is highly significant a¥%alevel
between T1 and T3 and weakly significant at a 16%&ll between T2 and T3. Mann-Whiney-U-Test with
p<0.01 (two-sided) for difference between T1 andahd with p = 0.094 (two-sided) between T2 and T3.
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As the analysis of frequencies has shown, the vereioften do not follow a sender's mes-
sage; this means they mistrust their given ad\kagure 5.2 illustrates the average extent of
discounting dishonest messages for all treatmétdee, one would expect a trend analogous
to figure 5.1, where the increasing degree of frarency gradually pushes the extent of dis-
counting. However, this is not reflected in thead&benerally, the disclosed treatment yields
the highest discount rates, but there are no segmif differences between the treatments. Re-
ceivers are unable to find the right extent forcdimting messages. In neither treatment the
theoretical optimum of discounting by the full bizfs2 is realised® Thus hypothesis 4 cannot
be confirmed, as receivers’ do not sufficiently gtddneir discounting behaviour, when in-
formed about the conflict of interest.

5.4.4 Gender Effect

Considering a potential gender effect, a recertystd Dreber and Johannesson (2008) found
that men are significantly more likely to lie inder to achieve higher payoffs than women.
Thus in their study, women are subject to a higlegree of lie-aversion in comparison to
men®® Regarding the frequencies of deception, no diffees between men and women can
be observed in our study. Contrary to Dreber arthdoesson (2008), biased women (73%)
and biased men (70%) are almost equally likelyigar our experiment. This result is also

consistent with the sizes of exaggeration, which @r average nearly the same for female
(1.47) and male (1.52) participants, with no reraht& differences between the treatments.
Interestingly, a significant difference between Hehaviour of male and female receivers is
found in the sizes of discounting dishonest messdgetreatment 1 the average size of dis-
counting is 1.93 units for males and is 1.00 uait female$* Overall male receivers dis-

counted deceptive messages by 1.43 units and fee@évers by 1.23 units, which is also a

%2 With regard to the pay-off realization we obta@sults similar to the sender’s analysis. Firsaly,interac-

tions without a lie yield the highest payoffs fbetreceiver (Wilcoxon-signed-rank-test with p =6BJ This
is only consequent as we have just concluded,rédtativer’s do not discount lies enough. Secondlig in
line with the theory that not following a lie remiln higher payoffs than following a lie.
This is consistent with other results from therkture, where women show more generous behathaur
males, for example, in a punishment game (Eckel @nassman (1996)) in a dictator game (Eckel and
Grossman (1998)) and in a solidarity game (Selteth @ckenfels (1998)). See also Croson and Gneezy
(2004) for a review of gender differences.
® This is significant at a 5% level for T3; Mann-tftey Test with p = 0.034 (two-sided). The diffecerfor

T2 is also weakly significant at a 10%-level withr9.099 (two-sided).
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significant differenc& One explanation for females discounting exaggdratessages by a

smaller amount may be due to the fact that fematre more trusting when conflicts remain
covered. Another explanation consistent with Eced Grossman (1998) is that females in
the non-disclosure treatments are more interestddin allocations, i.e. more equal payoffs,

which can be achieved by a more moderate sizesobdnting.

5.4.5 Subject’'s Beliefs

In the post-experimental questionnaire, subjecthénrole of the senders were asked for their
beliefs about average actions of the receiverseémh of the five possible messages when
b=2. Subjects in the role of the receivers on the rotlaad were asked for their beliefs about
average messages of the senders conditional divéhgossible states when there is a conflict
of interest. Firstly, we compare the beliefs of seaders with the optimal messages given that
belief (see figure 5.3F The two left bars per bar-block show the averageivers’ actions in
the experiment and the receivers’ actions expeajetthe senders regarding the five possible
messages. For example, in case of a messagelw 8bserved average action was 2.62 and

the average sender’s belief about the receivetisrawas 2.58.

6.00

M Receivers' actions B Senders' beliefs about action [ Senders' messages [JOptimal messages given beliefs

5.00

4.00 —

3.00 —

1.00+ —

0.00-

3
Message / State

Figure 5.3: Senders’ Beliefs about Receivers’ Adi¢h=2)

5 Ata 10% level using the Mann-Whitney Test witk p.094 (two-sided).
® Due to the fact that no differences about théefin the questionnaires could be observed betwie
treatments, the figures depict average values al&eatments.
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Overall, the senders’ average beliefs are a goedigior for the actual actions of the receiv-
ers. The two right bars per bar-block representsdraders’ actually observed messages re-
garding the five respective states and the sendptshal message given their stated beliefs,
which is generated through the addition of thebEseb=2 on the respective five beliefs of
the senders. For example in case of a state belgliserved average message was 2.77 com-
pared to the optimal message of 3.50 based onetiess’ average beliefs. This shows that
sender’s have very precise estimates about theveg@eactions given their message. Interest-
ingly, they do not inflate their messages to theotbtically optimal extent but to a lower ex-
tent which indicates some fairness concerns armbmsistent with the overcommunication

effect as already argued.

A similar pattern can be observed for the receivsebefs about the behaviour of the senders
(see figure 5.4). The two left bars per bar-bogkesent the observed average messages and
the receivers’ average beliefs about the messdgibe senders regarding the five respective
states. Here the receivers’ beliefs serve agam@m®od predictor for the average messages of
the senders, even if receivers somewhat underdstiima actual messages. The two right bars
per bar-block show the actual receivers’ actiongigithe five possible messages and the re-
ceivers’ optimal actions given their beliefs, cdddad by the subtraction of the bias vahs

from their stated beliefs about the messages. Agairicipants’ observed behaviour is not in
line with their beliefs. Receivers’ actual acticar® all above the optimal actions given their

beliefs.

5.004
W Senders' messages W Receivers' beliefs about messages [ Receivers' actions [0 Optimal actions given beliefs

4.00-

3.00

2.00+

1.004

0.00+

1 2 3 4 5
State / Message

Figure 5.4: Receivers’ Beliefs about Senders’ Mgssdb=2)
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In conclusion, neither the senders nor the receisefficiently adjusted their average decision
behaviour to their respective beliefs about theoognts’ decisions. This is consistent with
the sender’'s overcommunication effect and the vecai general failure to discount messages

strong enough.

5.4.6 Behaviour Type Analysis

Also our data can be discussed in the light ofedéiht behavioural types among the subjects.
This assumes that people have different leveloophistication due to their reasoning capa-
bilities.®” We follow Crawford’s (2003) definition of a systeni behaviour type&. Accord-
ingly, the sender with the lowest level of sopltion is defined agustertype, because he
truthfully sends messages that are consistenttiveldrawn states. Analogously, the receiver
with the lowest level of sophistication is denossdelievertype. Thus both types of the low-
est level of sophistication are non-strategic,h&y tmake no attempt to use their information
about their counterpart's incentives to predicirttecisions. The next level of sophistication
sender is callediar type. He believes that the receiver is Hedievertype and adjusts his
messages to the receiver’s naive reactions theretxymising his own payoff. The next level
of sophistication for the receiver is definedimgerter type. Finally, the highest level for the
sender is theophisticated liartype, who plays the best response toitiverter type, i.e. to
always send message 5 irrespectively of the traie stf the world. The receiver’s best re-
sponse to aophisticated liaiis to always choose action three. This type iotehasquilib-

rium inverter®®

A given subject can be mapped to one behaviour, ifplee subject’s behaviour is consistent
with that type for more than 60% of his decisidhAbout 75% of all participants can be clas-

sified. For the senders we get the following cliésaiion results:

67 See for example Costa-Gomes, Crawford and Bxd@€01), Costa-Gomes and Crawford (2006).

% For the formal definition of the behaviour typeger to appendix 5.6.2.

%9 Theoretically also an equilibrium type sendestsbn the fourth level of sophistication, whichtjtandomly
sends any message. But for our classificationribismeaningful to identify an equilibrium type gen, be-
cause all messages would be compatible with tipis.ty

In case a participant is consistent with morentbae type by the 60%-rule, he is classified asype he is
most compatible with. If there is a tie between tyy@es, we assign the participant into the respedtawer
type-class. This is in line with a similar investipn by Costa-Gomes and Crawford (2006).
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Number of classifiable senders per treatment
T Level of
e name (1 ” H 1" H
yp sophistication | 11 ‘intranspar- T2 "semi- T3 “dis-
ent transparent closed
Truster LO 0 1 3
Liar L1 12 9 2
Sophisticated L2 0 1 7
Liar
N/A 4 5 4
% classified 75% 68.8% 75%

Table 5.5: Behaviour Type Classification for Selsder

Comparing the three transparency treatments, vaetfiat in the two intransparent treatments
the simple liar is the dominating player. But ir thully disclosed treatment senders respond

to the fact that their bias is publicly known aretbme more sophisticated liars.

These results are consistent with the overcommtiorcaffect. Due to a lack of sophistica-
tion senders transmit too much information compavel the theoretical prediction. Regard-

ing the receivers, the following classifications dee made:

Number of classifiable receivers per treatment
T Level of
e name : : :
yp sophistication T1 ,,mtrar:spar- T2 ,Semi- T3 ,,dIS;
ent transparent closed
Believer LO 6 6 3
I nverter L1 4 1 7
Equilibrium L2 3 3 0
Type
N/A 3 6 6
% classified 81.3% 62.5% 62.5%

Table 5.6: Behaviour Type Classification for Reeesv

Here the overall degree of sophistication is lotan for the senders. Especially, there is a
lack of equilibrium typeplayers in the disclosed treatment. This findimgaonsistent with the
already obtained result that receivers are mordubtoes to senders’ messages in the non-

disclosure settings.
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55 Conclusions and Outlook

This study is motivated by the classical principgént conflict as for example in giving fi-

nancial advice. Our experimental design takes epettiablished model of Crawford and So-
bel (1982) and introduces different degrees ofspparency as a new feature. Thus with our
different treatments we test the effect of intramrepcy (T1), semi-transparency (T2) and full

disclosure (T3) on conflicts of interest in a basformation transmission game.

Overall, the increase in transparency had a siifi effect on the behaviour with respect to
conflicts of interest. It increases senders’ lybghaviour, although they do not lie up to the
theoretical optimum. This confirms the existencenfovercommunication effect. Receivers
are alert to distrust messages, but they do nobdig enough. Furthermore, there is no sig-
nificant difference between the intransparent amdidransparent treatment. Apparently, sub-
jects in our experiment did not experience the npassibility of a bias as salient enough to
adapt their behaviour. Finally, full disclosureaminflicts does not prevent a majority of advi-
sors from deceiving their clients. In the two nasetbsure treatments some fairness concerns
must have prevented senders from inflating theuiced to a higher extent. Finally, we ap-
plied a behaviour type analysis. Here, the lackayhistication might be an explanation for
the non-equilibrium behaviour of both parties ie thisclosure treatment. In fact, none of the
receivers and only few senders adopted the equitibistrategy when conflicts were dis-

closed.

Guiding future research, in contrast to previousligts such as Cai and Wang (2006), we in-
troduced a partner-matching into the experimengsigh. However, we could not find any

trends for reputation building. So maybe extendimg partner-matching to a game of more
than ten periods can facilitate studying reputagfiacts. Another extension with reference to
a real word situation could be the following. Aipgents of advice often obtain a second
opinion from another expert, one could incorpotaee possibility for receivers to get a sec-

ond message from another advisor for a certain cost
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5.6  Appendix

5.6.1 Additional Results

2.50
Sender —M— Receiver  T1 “intransparent”
2.00
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Size of exaggeration and discounting
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Sender =M= Receiver T2 "semi-transparent”
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1.00D
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Size of exaggeration and discounting
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Sender == Receiver T3 "disclosed"

1.50
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Size of exaggeration and discounting
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0.00
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Period

Figure 5.5:AverageSizes of Exaggeration anddgounting
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5.6.2 Behaviour Type Definitions

Level of Sender's message, give
Type name o
sophistication s=1 s=2 s=3 s=4 s=5
Truster LO 1 2 3 4 5
Liar L1 3 4 5 5 5
Sophi_sticated L2 5 5 5 5 5
Liar

Table 5.7: Classification definition of behavioypés for senders (b=2)

Level of Receiver's action, giverm
Type name o
sophistication m=1 m=2 m=3 m=4 m=5
Believer LO 1 2 3 4 5
Inverter L1 1 1 1 2 3
Equilibrium In- L2 3 3 3 3 3
verter

Table 5.8: Classification definition of behavioypés for receivers

™ For T1 and T2 the definition is applicable fsx0 andb=2, because there is ambiguity about the bias; in T3
the definition is just applicable fdx=2 as the receivers are informed about the valueaifthe beginning of
each period.
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5.6.3 Instructions

Below we show the instructions translated from Germ

Instructions

Welcome to today’s experiment and thank you forrymarticipation. Please read the follow-
ing instructions carefully; the instructions are game for all participants. If you have a ques-
tion, please do not hesitate to raise your handyivgersonally help you.

You can earn money in this experiment. How much egyoyou earn depends on your deci-
sions and the decisions of the other participakitshe end of the experiment you will be paid
in cash. The payoff consists of your accumulatediegs from the respective rounds plus a
show-up fee of 2.50€. In the experiment we will tBEU” as currency. 100ECU stands for
1€ (100ECU=1E).

From now on, please do not communicate with otlaetiggpants. Please also ensure that your
mobile phone is switched off. Violating these rutas result in the exclusion from the ex-

periment. All interactions in this experiment wake place through the computers.

The experiment consists of ten payoff-relevant dsurAt the beginning of the experiment
you will be randomly matched with another participavith whom you will interact for the

first ten rounds. One participant will be assigtieel role of “participant A” the other one as
“participant B”. You will be informed about youole at the beginning of the experiment.
You will maintain your role during the whole expeaent. Your decisions and payments are

anonymous.

Procedure of one period

» At the beginning of each round the computer rangaetermines a random number
Z. This random number can take the values 1, 2,@,5. Only participant A will be

informed about the randomly generated value of Z.

» After participant A has received the informatioroabZ, he sends a message to par-
ticipant B: "The random number | have received 5 Kor X, participant A can
choose every value out of the values 1, 2, 3, 45nddependently of the randomly

generated value of the random number.
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» After participant B has received the message atlmuwalue of the random number
from participant A, he decides for an action. Rgytint B can choose for an action out
of the actions 1, 2, 3, 4 and 5.

Calculation of the income from one period

The income from each period for participant A aradtipipant B depends on the random
number Z and on participant B’s action. ParticipBig income is higher when his action is
closer to the random number. In comparison to @pgnt B, participant A can be subject to a
difference of interest I. In case of 1=2, participgA’s income is higher when participant B’s
action is closer to the random number plus theevaluthe difference of interest. In case of
I=0, there is no difference of interest and pgptcit A’'s income is higher when participants

B’s action is closer to the random number.

T1 “intransparent”: At the beginning of each period, participant A vaé informed about the
value of the difference of interest. Participanth®wvever receives no further information

about the value of the difference of interest.

T2 “semi-transparent”:At the beginning of each period, participant Alwi¢ informed about
the value of the difference of interest. ParticipBns however just informed that the prob-

ability for I=2 is 50 percent.

T3 “disclosed”: At the beginning of each period, participant Anal as participant B will be

informed about the value of the difference of iagtr

The exact incomes, which occur for participant Al g@articipant B in case of no difference of

interest, can be seen in the following table:
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Table of incomes for participant A and participant B without difference of interest:

Possible actions of the receiver

action=1| action=2| action=3 action=4 action¥5
Z=1 110 100 84 63 40
Possible | z=2 100 110 100 84 63
tr‘]’;"':’aensdgin z=3| 84 100 110 100 84
number Z | Z=4 63 84 100 110 100
Z=5 40 63 84 100 110

Without the difference of interest (I=0), particijpaA as well as participant B achieves the
highest possible payoff when the difference betwidenrandom number and participant B’s
action is as small as possible. For example, if#melom number is 2 and participant B’s ac-

tion is also 2, both players each achieve the ircofriL10 in this period.

When the difference of interest exists, particip&istincome is higher when participant B’s
action is closer to the random number plus theevaliuthe difference of interest. The follow-
ing table shows participant A’'s and participant Bisome per period when participant A is
subject to the difference of interest (1=2). Thepective left value in each possible concourse
of random number and action represents participanincome and the right value participant

B’s income, respectively.

Table of incomes for participant A and participant B with difference of interest:

Possible actions of the receiver

action=1| action=2| action=3 action=4 action=5
Z=1 84 110 100, 100 110, 84 | 100K 63 | 84 40
Possible
values of Z=2 63 | 100 84 | 110| 100| 100| 110 84 | 100/ 63
the random > _o~—5 g4 63| 100 84 | 110 100 100 110 84
number Z

Z=4 15| 63| 40| 84/ 63 10084 110|100 100
Z=5 -13) 40, 15 63 40 84 63 10084 | 110

Here, participant A’s income takes the highest fbss/alue when participant B’s action is

equal to the random plus two. Participant B stilhiaves the highest possible income when
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his action matches the value of the random nunfb@rexample, when the random number
takes the value of two, participant A’s highest glble income occurs when participant B
decides for the action=4. However, participant Bighest possible income occurs when he

decides for action=2.
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Example: Screenshot for participant B

Column with

possible  values

Participant A’s messags

1%

In the rows: Information about th
/ about the random numbe

respective payoffs depending on the

Periode
1 von 1 R verbleibends Zeit[sec): 19
random number Z, on participan
Mw*che Sie sind Teilnehmer B.
Zufallszahlen Teilnehmer A sendet Ihnen die Nachricht, dass Z = X. Er hat einen Interessenunterschied von I = 0.

Auszahlung Aktion =1 Aktion =2 Aktion =3 Aktion =4 Aktion =5

Z=1 Ihre Auszahlung 1o 100 84 B3 40
Teilnehmer A 110 100 84 B3 40
Auszahlung Aktion = 1 Aktion =2 Aktion =3 Aktion =4 Aktion =5

7=2 Ihre Auszahlung 100 1o 100 84 63
Teilnehmer A 100 110 100 84 B3
Auszahlung Aktion = 1 Aktion =2 Aktion =3 Aktion =4 Aktion =5

7=3 Ihre Auszahlung a4 100 110 100 84
Teilnehmer A a4 100 10 100 84
Auszahlung Aktion =1 Aktion =2 Aktion=3 Aktion =4 Aktion=5

Z=4 Ihre Auszahlung 63 64 100 110 100
Teilnehmer A B3 84 100 1o 100
Auszahlung Aktion =1 Aktion = 2 Aktion =3 Aktion =4 Aktion =5

7=5 Ihre Auszahlung 40 63 84 100 110
Teilnehmer A 40 63 64 100 110

lhre Aktion: | I ‘ | o

Input box for

participant B’s
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6 Two Dimensional Fairness in a Real Effort Game

6.1 Introduction

The impact of fairness on economic decision makingiready well established in the litera-
ture on various distribution, market and other garfigolton and Ockenfels, 2000; Fehr and
Schmidt, 1999¥ The currently existing models essentially fornmalfairness in terms of a
one-dimensional function of monetary pay-offs. Hoer in many real life encounters, the
issue of multi-dimensional fairness may play a @umle, i.e. payment, effort and ability
might all shape our perception of fairness to sextent. We concentrate on the fairness of
wages as prime example, since Akerlof and Yell&@9Q) found that workers reduce efforts,
when their wage decreases with reference to wiegtfihd to be the fair wage. Furthermore,
when considering the relation of working effort goayments, as a matter of fact we know
that people in jobs with high wages also typicallgrk long hours (e.g. investment bankers,
lawyers and management consultants). This phenamisrsm striking that we have pervasive
evidence even with macro level data. Aguiar andsH{2008) for example, find that the rela-
tive wage increase for well educated employees twerast decades is accompanied by a

large relative increase in working hours.

We study the general relationship between workiifgrteand monetary payments in a labour
economics setting. Therefore we devise a real teffame to investigate fairness along these
two dimensions. In our design, subjects participata meaningful real effort task with two
player types. Players A receive 12€ and player€B2 a fixed payment for the same task,
which they can pursue as long as they want. Ovehadly have only two decisions to make.
Firstly, they can decide how long they work, whilsty are informed about the working time
and payment of a matched partner. Secondly, theyedistribute respectively bargain over
the difference in fixed payments. With regard te tivo pivotal dimensions of fairness we
extend a standard model of social preferences avitladditional conversion factor for time
and money, allowing us to derive predictions fag tifers and acceptance thresholds in the

redistribution stage.

2 This chapter is joint work with Georg Gebhardt.
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Regarding working times, we find results consistesith the existing literature on gift-

exchange games. For monetary transfers, our aggregéa is also consistent with standard
results from the dictator and ultimatum game li@mra However, when combining the two
dimensions, we can estimate the conversion factotirne and money. From this new per-
spective, we are able to expose a self-servingddtast, substantiating that the high endow-

ment players A distort their conversion factorustify lower offers.

Section 2 discusses the related theoretical andrempntal literature. Section 3 presents our
experimental design and procedures. Section 4dates the extension of a social prefer-
ences model with a conversion factor for time armh@y. Then section 5 delivers our ex-
perimental results in terms of working times andnetary transfers. Finally, the main in-

sights are summarised in section 6.

6.2 Related Literature

To the best of our knowledge, there is no litematon multi-dimensional outcome fairness,
yet. Hence, we start with a theoretical and expental analysis studying the impact of two-
dimensional fairness based on time and money. eless, this general idea relates to exist-
ing literature on social and fairness norms, whather non-monetary dimensions of fairness
such as “spectator status” have already been disdySroson and Konow, 2009; Offermann,
2002). More importantly, there is some literatunewsing that economic agents tend to distort
some social norms to their own advantage, thusbéxig a self-serving bias (Babcock and
Loewenstein, 1997; Babcock et al., 1995). Moreowar,experimental design also relates to
the standard literature on dictator and ultimatiamgs, which can also be taken to verify the
robustness of our main results (Forsythe et aP41&iith et al., 1982). Finally, the literature
on social preferences (Bolton and Ockenfels, 26@0y and Schmidt, 1999) can be integrated
in our theoretical derivation of hypotheses andg taiganising our results. Here the impor-
tance of equity norms to explain bargaining behaw@and how people perceive fairness in
terms of pay-off distributions is already well-ddtshed. However, the interrelation of pay-

offs and working effort is not explicated in thesedels.
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6.3 Experimental Design and Procedures

We conducted a real effort game with two differgmes of playerd® One type receives a
fixed payment of 12€ (A), the other receives 2€. (B)erewith we induced initially unfair
monetary payments. Then both player types weredaskperform a real effort task. Here, the
payment for both was common knowledge and bothtbh@erform the same task without any
restrictions on their effort provision. The effgame literature stresses a crucial difference
between hypothetical tasks and real effort task&idgen and Strobel, 2007; Garcia-Gallego
et al., 2008). Here real effort tasks are genetalken more seriously and accordingly more
working effort is provided. Even stressing thiseetf we chose a meaningful real effort task,
in order to avoid that subjects would quit the expent prematurely. As the task we used
questionnaires from a previous classroom experiraent asked the subjects to type these
questionnaires into a computer mask to facilitar¢her scientific usage. In this experiment,
we focused on extra working efforts, which are pated voluntarily. Hence, we did not stipu-
late exogenously given working times. Moreoveronder to avoid anybvious reference
points, we scheduled the experiment for 2 hourschwvivas clearly too long for compensating
the opportunity costs of the students, consideadungfixed payments. Also we provided an
affluence of 153 questionnaires per subject, ireotd avoid that the subjects simply proc-
essed all questionnairé&sThese questionnaires were the same for all sisbgat always had

the same order.

After being randomly matched to another player brthg assigned a role as player A or
player B, the experiment was structured into tweeasial parts. In the first stage, the real
effort task was executed and subjects were conislyanformed about their own working

time and their partner’s working time. The playefs pair started at exactly the same time.
Moreover, the two different fixed payments wereajw salient and common knowledge. We
deliberately omitted any other information, suchtles number of questionnaires typed in or
accuracy. Therefore, working time and payment whesonly two relevant dimensions of

information, which could be observed. In additiare implemented a pop-up box, which no-

tified one player as soon as the other player @elctd finish his real effort task. This pop-up

3 For the full experimental instructions refer he appendix.
™ Additionally, in the instructions, we explicitlyressed that we did not expect that all questioesaivere
used.
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had to be confirmed, so that we could be certdiplayers realised when the associated part-
ner finished his effort stage. After this notificat, the remaining players were free to carry
on with their task, but the finished players hadopportunity to return to the real effort stage.
In the second stage of the game the payments teule-distributed based on the working

time of the two players. Here, we implemented bueé treatment variations as follows:

Treatment 1) Effort Stage 2) Redistribution Stage
Baseline (T1) yes no
""" Dictator (T2) |~ yes |  Dictator Game
~Ultimatum (T3) | yes |  Ulimatum Game

Table 6.1: Experimental Treatments

In the baseline treatment (T1), both player typemediately leave after they have provided
their effort. Hence, this treatment is a simpld-g€kchange game between experimenter and
subjects, with no interaction. In the dictator tneant (T2), we conduct a dictator game,
where the high payment players A have the oppdstuaibalance the unequal payment, i.e.
they can transfer a share (0 to 10€) of their ex@asnings to their matched partner. In the
ultimatum treatment (T3), we conduct an ultimatuame, where the high payment player A
can make a bargaining offer (0 to 10€) to the l@ayrpent player B, who can accept the of-
fered contribution or reject and perish the surglusboth players. The standard ultimatum
game protocol presupposes the responder to beratient, when he receives his offer. But as
we wanted to avoid any externalities regarding workivation in our design, we decided to
capture the responder’s behaviour with the strategthod (Selten, 1967). Hence, each player
was independent of the working status of his paramel could always leave the experiment,
once he decided to finish the working task. Alsa@aviation from common experimental de-
signs, we framed the decisions in this one-shotegamEuros (€) rather than experimental

currency units (ECU) to make the difference in gesyonmediately accessible.

The experimental sessions took place in FebruadyNmvember 2010 at the Cologne Labora-
tory for Economic Research (CLER). In order to dvibie subjects influencing each other’s
behaviour when leaving the room, we invited fououps of 8 subjects for each session,
which entered the laboratory in waves with a tiretag of 15 minutes for each wave. Hence,
the groups remained big enough to maintain anoryyb@tween subjects, but by having vari-
ous groups in different stages of the experimemingttime, whenever someone left the labo-

ratory it became unclear, how long this particutaividual had previously worked. The sub-
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jects were seated randomly and there was no opptyrtior communication. Subject pay-
ments were organised with payment receipts to enthat subjects could immediately leave
the laboratory, when they decided to finish theegixpent. In exchange for the payment re-
ceipt, the subject could collect the cash paymening the next weeks. We had 64 students
per treatment and 192 students overall participafline average payment was 9€ including a
guaranteed show-up fee of 2.50€. On average edpbcsyparticipated in the experiment for
50 minutes. For the recruitment we used the onlewuitment system ORSEE (Greiner,

2004) and the experiment itself was programmed witmee (Fischbacher, 2007).

6.4 Model of Tow-Dimensional Fairness and Hypotheses

In the following three hypotheses are outlined,ebdasn an extended standard model for so-
cial preferences. The first hypothesis for our expent comes straightforward from the lit-
erature on gift-exchange games. In the baselimgnient we provide no opportunity for redis-
tribution or interaction. Hence, fairness consitleres do not apply between subjects, but
rather between the individual subject and the erparter giving the endowment (Akerlof,
1982; Fehr et al., 1993). Here, we expect thatesubjtake the endowment as a gift and pro-
vide working effort in exchange. The players A wiitle much higher endowment of 12€ will

work harder than the players B with the cheap emdemt of 2€.

Hypothesis 1Players A provide higher working efforts than plesyB.

To derive further hypotheses for our experimentsdigh, we formalise our notion of two-
dimensional fairness based on the model of outcianeess by Fehr and Schmidt (1999).
With initial endowmentsA andB we induce inequality in our basic set-up. Accogtimn x;
and x; represent the initial monetary distributions fraither player's perspective. With
andt; we denote the players final working times. Moreovee fairness parametersf are
taken from the basic Fehr and Schmidt model. Heigthe loss of utility from inequality to
one’s disadvantagé, is the loss of utility from inequality to one’s avadvantage. To incor-
porate the new aspect of two-dimensional fairneg&sextend the model with a conversion
factor for the exchange between time and mgneyOn this basis we can make predictions
how different effort levels weigh off with monetamgdistributions. The resulting utility func-

tion is:

Ul-(xl-,x]-, ti' t] ) =
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xXi—a- max{xj —X; — yi(tj — tl-), 0} -p- max{xl- —Xj — yi(ti - t]-), 0}
One of our implicit assumptions is that both platygres assess fairness in terms of both di-

mensions and not solely based on monetary outcofiés can also be tested with our expe-

rimental data.
Hypothesis 2Both dimensions of fairness are reflected in tHgextts’ behaviour.

Next the most innovative hypothesis directly builglion the model extension is derived in
some more detail. In the dictator game we haveageplA in the dictator role and a passive
player B receiving a monetary transfer,Slt> 0.5, then the proposer offers the equal split.
For players with3 < 0.5 the resulting offer is by definition always zekence, for the dicta-

tor we can predict the following offer definedyas
0,if B<05 V y,(ty —tg) >10

Ya =131l .
4 S112 =2 = ya(ta = ta)lif f > 0.5 A ya(ta —t5) < 10

The additional assumptions regarding the convertagstory above are necessary, to deal
with cases, where the monetary equivalent of warkime exceeds the initially induced sur-
plus of 10€. In these cases, offers cannot be ivegdiut must be zero. In the ultimatum
treatment we can determine what players B are nailyrwilling to accept. For the responder

B, we obtain the following solution:

0,if yp(ta—tg) > 10

= a )
VB 1+ 2a [12 =2 —yp(ta — tg)]if yp(ta — tg) < 10

Again, as an additional assumption we have to dentiaat y;(t4, — tz) < 10, otherwise the
offer constituted by the additional working effavbuld exceed the surplus of 10€. In these

cases, offers cannot be negative, but must be zero.

In order to ultimately compare the behaviour ofisgtution in both treatments, one must
rely on some distribution of the standard fairnessameters andpg, specifying the offer and
acceptance threshold. For this purpose, we takestablished distributions from Fehr and
Schmidt (1999). First, for the dictator game treatitnwe assume that 60% of all players have
B < 0.5 and 40% have8 > 0.5. Then one can calculate the expected offer ofatherage
player as:

10 —ya(ts — tg)
2

yA == 04 . I == 2 - OZYA(tA - tB)
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For the ultimatum treatment we adopt existing estés fora as provided by an aggregate

study from Fehr and Schmidt (1999). Based on ségardies on ultimatum games, they find

4% of a = 0.125, 25% ofa = 0.75 and 71% ofx = 2.” With this parameterisation, we ac-

count for the different strategic situation in thiéimatum game regarding fairness and can
further specify the acceptance threshold of plagarsthe ultimatum treatment as:

1 3 9

This shows that the base rate of acceptance frayepB is twice as high as the base rate of
an offer of player A in the dictator treatment. Tésme holds for the decline of the slope,
when player A provides more working effort. Havimigtained this solution for the acceptance
threshold, we can relate the two treatments anté¢haviour of both player types. Taking the

partial derivative for both treatments we obtain:

0Ya
—=-02y
d(ty — tp) 4
0Ygp
——=-0.399 -y
0(ty — tp) B

Next, we take the above results and determinediiadion between the two conversion factors

in both treatments as:

Ya = 2Yp

If behaviour in our setting of two-dimensional fass is not influenced by a self-serving bias
of players A, then we must also find the predigtgd= 2y in the experimental data. By con-
trast, if we were to fingry, > 2y5, then subjects would exhibit a self-serving bitisa when

deciding on the redistribution of the surplus 10€.

Hypothesis 3There is no self-serving bias effegf; is equal tRyg.

> According to the model, the directly translate into acceptance thresholdgHeroffer in terms of the over-
all surplus, which can be offered. Here= 0.125 equals an offer of 10%; = 0.75 equals an offer of 30%
anda = 2 equals an offer of 45%.
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6.5 Experimental Results

The following experimental analysis is structuréahg the two dimensions of fairness. First,
we consider behaviour in terms of working timesvided in the real effort stage. Then we
analyse the monetary transfers from the redisinbugtage. Finally, we combine both dimen-
sions, which allow us to make inferences aboutttage-off between monetary transfer and

working effort. This can also confirm our self-s@xybias hypothesis.

6.5.1 Working Times in the Real Effort Task

First, we consider our data in terms of workingogf. The following table depicts the aver-

age behaviour of the two player types:

Treatment Player A (12€) Player B (2€)
Baseline (T1) 45.0 min 28.8 min
" Dictator (T2) | 441min 29.6 min
 Ultimatum (T3) | 41.0min 35.2min

Table 6.2: Working Effort across Treatments

For both the dictator and the ultimatum treatmer,find no significant changes regarding
average working times for the two player tyffe®n average, each type provides the same
effort levels in the effort stage independent & tiature of the subsequent distribution stage.
Moreover, the differences between player typeswdrat we expected from the literature on
gift-exchange games and in line with our first hyy@sis. Working times for players A are

significantly higher in all treatments.

6.5.2 Monetary Offers in the Redistribution Treatments

In the following we focus on the second stage ef ékperiment, where we have varied the
redistribution protocol and have observed diffemaonetary transfers. In this stage the differ-
ence of working time between the two players inhgagir becomes relevant, as the subjects

6 A pairwise analysis of treatments using a Manhitéy test yields, that the largest difference, the work-
ing time of player B in the baseline and in thénudttum treatment still has a p-value of = 0.295ef@l, we
find no significant differences when comparing tteatments.

" The difference in the dictator treatment is gigant on a 1%-level, the differences in the basehnd ulti-
matum treatment are significant on a 5%-level.
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may decide to condition their proposal and acceggam the surplus or shortcoming in work-

ing time of their partner.

Treatment Mean Offer in €
Baseline (T1) -
""" Dictator (T2) | ~ 12¢
~Ultimatum (T3) | 4.1€»

Table 6.3: Mean Offers across Treatments

But first, only considering the mean offers by @es/A from table 6.3, we basically repro-
duce standard results from the literature on banggigames. Accordingly, the mean offers in

the dictator treatment are significantly lower thianthe ultimatum treatmerit.

More interestingly, the monetary offers can beipyterspective with the difference in work-
ing time in minutes. For the dictator game treatmee can plot figure 6.1 illustrating the

offers proposed by player A conditional on theahéince in working effort.

(o))

i/

-40,0 -20,0 0,0 20,0 40,0 60,0 80,0 100,0 120,0

Figure 6.1: Surplus in Working Time (A) and OffemsEuro (T2)

Here we can see that most players type A work Iotigan their partner, whereas only a few
players type A work shorter than their partner. lAgaus to the dictator treatment we can
plot how the difference in working time affects tféers in the ultimatum game treatment:

8 T-test: p-value = 0.000.
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Figure 6.2: Surplus in Working Time (A) and OffensEuro (T3)

Here, the data nodes are centred on a significhiglyer mean. Also we find some very fair
or even altruistic offerg 5 €. Overall, the data on offers in the two rathsition treatments
proves that subjects base their decisions on hbatkrasions of fairness. Both slopes decline,
showing that working time is converted into lowdfecs, giving credit to our notion of two-

dimensional fairness as postulated in the m&del.

6.5.3 Self-Serving Bias Effect

Finally, in light of the differences in working tenwe can process how the two player types
evaluate their own working surplus, when making#ar or acceptance in the redistribution
stage. Dwelling upon the results from section 4thves compare the dictator offers of players
A with the acceptance thresholds of players B g dlimatum treatment. For this analysis,
we only take positive differences in working tinméa account. Only in these cases, the pro-
poser could make an offer after having observeddleyant working time of his partner with
certainty. For this constellation, we can plot greposal and acceptance rates depending on

the surplus of working time as in figure 6.3.

" To substantiate this finding we run linear regimss for both treatments and find that in theadant treat-
ment we have a coefficient of -1.22 (p-value = @)08nd in the ultimatum treatment of -2.94 (p-value
0.000) for the declining slope when taking the ffas the dependent variable. For details refappendix
6.7.1.
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Figure 6.3: Comparison of Offers and AcceptanceSinolds

Due to the strategy method elicitation of acceptamehaviour in the ultimatum game, we are
able to determine the responses of players B ®rsdme working times as players A have
provided in the dictator game. Based on the fulicecation, we can conduct this for every
offer and for every difference in working times.efFéfore, to connect both treatments we take
the real observed working differences in the dastdteatment (red line) and the computed
minimal acceptance thresholds in the ultimatum gagneen exactly these working times
(blue line). This provides a clean comparison dfjscts’ behaviour between the two treat-
ments and for both player roles. In order to egthbd self-serving bias effect we must find
that:

0V > dygp
0(ty —tg) O(ts — tp)

First, we determine the slopes of the decline farefand acceptances for both players as:

1
2

0V
2 = _0.94
d(ty — tp)

0Ygp
—— =-0.38
d(ty — tp)

On this basis we can calculate the conversion fagfoandy;:
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0V

54— 469
d(ty — tp)

Ya =

dyp

S5———=0.94
d(ty — tp)

Y = —2

We find that for the subjects’ behaviour in our esment,y, is significantly higher than
2y.2° Hence we assert the prevalence of a self-seniamydifect for the players A. With this
effect, these players exaggerate the value of tvair working time to justify very cheap of-
fers after providing some more effort. In fact theyue their own working effort, as the basis

for their offers, five times higher than the worgiaffort of the receiving player is valued.

6.6 Conclusions

This paper has provided a first theoretical andearpental advance towards two-dimensional
fairness. Therefore we have devised a standareeffmat game with a meaningful task and
asymmetric payments of 12€ and 2€ for two playpesy allowing for a redistribution of the
surplus 10€. Further we appended it with diffete@atment variations regarding the redistri-
bution protocol and communicated working times talgahe whole experiment, so that there
were two dimensions to assess final outcome fastrtbe differences in working time and the
monetary redistribution. To substantiate our clawesextended a standard model of social
preferences with our notion of two-dimensionalriass. This gives us clear predictions about

the equilibrium behaviour of both player types.

As a first result, we have reiterated that workiimges follow the typical behaviour of a gift-
exchange game. Across treatments, all players A thi¢ higher endowment work signifi-
cantly longer than their counterparts. When putthrgoffers of players A in perspective with
the differences in working time between both playare confirm that our basic grasp of two-
dimensional fairness is reflected in the data.dthlireatments, there is a robust trend proving
that offers decline as the additional working dfforcreases. Therefore the players must
weigh off the two dimensions of effort and paymdinally, with recurrence to our theoreti-
cal model, we take the experimental data in ordegstimate the average conversion factors

of time and money for both player types. In corittaghe theoretical prediction, these factors

8 Mann-Whitney Test: p-value = 0.039.
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are significantly different, which leads us to ttenclusion that players do not only assess
fairness according to two dimensions, but are sidyect to a self-serving bias in the dictator

treatment. This bias distorts the conversion fatbotheir own advantage, justifying cheap

offers.
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6.7  Appendix

6.7.1 Additional Results

For the offers in the dictator treatment, we rdmear regression with robust standard errors:

Dependent Variable: Offer Player A

Variables

Intercept 1.48***
(0.304)

Differences Working Time -1.22%**
(0.349)

N observations 32
Prob > F 0.002

MSE 1.399

R? 0.147

Table 6.4: Linear Regression Profits Player A (silmtandard errors)

We find that there is a highly significant depencketetween the decline of offers and the

difference in working time, which here again areressed in hours.

The same regression model can be applied to timeatltm treatment:

Dependent Variable: Offer Player A

Variables

Intercept 4. 37%**
(0.305)

Differences Working Time -2.94%x*
(0.495)

N observations 32
Prob > F 0.000

MSE 1.618

R? 0.265

Table 6.5: Linear Regression Profits Player A (silstandard errors)

Again the regression results show, that the relah@ between offers from player A and the

differences in working time is highly significant.

6.7.2 Instructions

Instructions

Welcome and thank you for participating in todaggeriment. You will be able to earn

money during this experiment. You will receive 2&@s a show-up fee. The following in-

-107 -



structions will outline how you can earn more. Eharll be new groups of people coming

into the laboratory room during today’s sessioeaBé do not let this disturb you.

Please read the following instructions thorougfiipese are the same for all participants.
Please do not hesitate to ask if you have any quasstHowever, we ask you to raise your
hand and wait for us to come and assist you. Weadk you to restrain from communicating
with other participants from now on until the erfdtlte experiment. Please ensure that your
mobile phone is switched off. Violating these rubes result in an exclusion from this expe-

riment.

Course of the Experimental Task (Baseline Treatmeit

During this experiment you are expected to typelata from a questionnaire into the com-
puter. This data is intended for scientific reshaiithe exact proceedings will be explained in
the following partwork instructionson the next page. During the experiment you wal b
paired with a second participant, who is workingtib@ same questionnaires. You will there-
fore be assigned the role of either participantrparticipant B. Your payoff depends on the
role you are randomly assigned in the beginnkayticipants A will receive 12 €for their

work andparticipants B 2 €. All participants stay anonymous during the engixperiment.

For your own reference and to be able to check payoff you will be able to see the follow-
ing on your computer screen: how long you haveadlyebeen working and if the participant
you have been paired up with is still working. Yadditionally receive a message, when the
other participant stops working. It is up to youdcide how many questionnaires you type in

to the computer.

Once you have stopped working on the questionngweswill be given a summary of the

work duration of both participants.

You will receive your final payoff (plus the 2.50sbow-up fee) in cash on presentation of
your payout slip during the following days. Pleakenot forget to take the payout slip on

your desk with you after finishing the experiment.

Course of the Experimental Task (Dictator Treatmenj
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During this experiment you are expected to typelata from a questionnaire into the com-
puter. This data is intended for scientific reshaiithe exact proceedings will be explained in
the following partwork instructionson the next page. During the experiment you wal b
paired with a second participant, who is workingtib@ same questionnaires. You will there-
fore be assigned the role of either participantr participant B. Your payoff depends on the
role you are randomly assigned in the beginnkayticipants A will receive 12 €for their

work andparticipants B 2 €. All participants stay anonymous during the engixperiment.

For your own reference and to be able to check payoff you will be able to see the follow-
ing on your computer screen: how long you haveadlyebeen working and if the participant
you have been paired up with is still working. Yadditionally receive a message, when the
other participant stops working. It is up to youdcide how many questionnaires you type in

to the computer.

Once you have stopped working on the questionngweswill be given a summary of the
work duration of both participants. Participant Ancthen decide to transfer an amount be-
tween 0 and 10 € of his payoff to participant Blyantegers). For this purpose participant A

will see the following screen:

Ihre Bezahlung: 12 €

Ihre Arbeitsleistung: - -

Ciie Bezahlung wan Teilnehmer B: 2 €

Die Arbeitszeitwvon Teilnehmer B watr: - -

Betrag, den Sie an Teilnehmer B abgeben wallen {in €):

You will receive your final payoff (plus the 2.50sbow-up fee) in cash on presentation of
your payout slip during the following days. Pleakenot forget to take the payout slip on

your desk with you after finishing the experiment.
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Course of the Experimental Task (Ultimatum Treatmert)

During this experiment you are expected to typelata from a questionnaire into the com-
puter. This data is intended for scientific reshaiithe exact proceedings will be explained in
the following partwork instructionson the next page. During the experiment you wal b
paired with a second participant, who is workingtib@ same questionnaires. You will there-
fore be assigned the role of either participantrparticipant B. Your payoff depends on the
role you are randomly assigned in the beginnkayticipants A will receive 12 €for their

work andparticipants B 2 €. All participants stay anonymous during the engixperiment.

For your own reference and to be able to check payoff you will be able to see the follow-
ing on your computer screen: how long you haveadlyebeen working and if the participant
you have been paired up with is still working. Yadditionally receive a message, when the
other participant stops working. It is up to youd&cide how many questionnaires you type in

to the computer.

Once you have stopped working on the questionngweswill be given a summary of the
work duration of both participants. Participant Ancthen decide to transfer an amount be-
tween 0 and 10 € of his payoff to participant Blyantegers). For this purpose participant A

will see the following screen:

|lhre Bezahlung: 12 €

Ihre Arheitszeit: - -

Die Bezahlung von Teilnehmer B: 2 €

Die Arbeitszeit von Teilnehmer B war: - -

Betrag, den Sie Teilnehmer B anbieten wallen {in €): |:|
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Participant B can determine in the following inputscreen, which offers from participant

A he would accept:

Bewerten sie folgende mbglichen Angebote von Spisler A

Ihre Arbeitszeitwar: xxMinuten i Sekunden,

Angebotvon Spieler A in Hihe van:

Spieler A mindestens eine Arbeitszeit in folgender Hohe geleistet hat:

If you wish to either

always accept of

" Immer
" MNie

" Nurfalls ...

Minuten

Sekunden

decline a particularn

" Immer
" Mie
" Nurfalls

Minuten

Sekunden

" Immer
" Nie
~ Nurfalls

Minuten

Sekunden

" Immer
" Mie

~ Murfalls ...

Minuten

Sekunden

~ Immer
i Nie
" Nurfalls

Minuten

Sekunden

If you wish to accept 4
particular offer only
under the condition tha
participant A has
worked a certain

amount of time, then

" Immer
" Nie

" burfalls ..

Minuten

Sekunden

" Immer
" Mie

" Nurfalls...

Minuten

Sekunden

" Immer
" Mie
" MNurfalls

Minuten

Sekunden

" Immer
" Nie
" Nurfalls

Minuten

Sekunden

" Immer
" Nie

" Nurfalls ..

Minuten

Sekunden

 Immer
T Mie

" Nurfalls ..

IR e
Doy oy oy oy oy oy

Minuten

Sekunden

Participant B can here determine, whether he alaagspts a certain offer, never accepts or

whether he will accept it under the condition tpatticipant A (12 €) has worked a certain

amount of time. If participant A has made an oftbat participant B will accept, then the 10

€ payoff difference will be allocated accordingthe offer of participant A. If however par-

ticipant B declines the offer, then the 10€ wilt be divided and both parties receive a payoff

of 2 €.

You will receive your final payoff (plus the 2.50sbow-up fee) in cash on presentation of

your payout slip during the following days. Pleakenot forget to take the payout slip on

your desk with you after finishing the experiment.

Work Instructions
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A stack of questionnaires is placed on each des&sd questionnaires were filled in by other
students during an earlier classroom experimerdgsé&ldata needs to be digitalised for evalua-
tion. It is your task to type in the informatiortarthe form on your computer screen. The data
will then be automatically transferred into an Bxsleeet. The participants of the classroom
experiment were asked to answer 15 questions. Tdesstions were labelled 1, 2, 3, 4, 5,
l.0, 1.u, 2.0, 2.u, 3.0, 3.u, 4.0, 4.u, 5.0 and Bhe participants were asked to give estimates
in percentage points for each question. The folhgwillustration is a screen shot of the data

entry form:

Mummmer 1 oben 2 oben 3 oben 4 aben 5 nben 1.olinks 1. links 2.0links Zulinks 3.0links 3 links 4.0links 4. links S.0links 5.0 links

You are kindly asked to convey first of all thember in the right hand corner of the ques-
tionnaire into the box "number" on the screen for each goesaire you process. After that
please convepnly the percentage figures of the left columrmf the form. Thus enter only
the numbers for the categories "top” and "left'biniheir respective boxes on the screen.
Please do not enter the percentage sign into time. ielease click OK after entering all the
information. The data is thereby saved and traresfieto the Excel-sheet. You can then con-
tinue with the next questionnaire. We very muchrapiate your work and kindly ask you to
be accurate with the input of the data. You aredyneans required to process all question-
naires during this experiment. You can stop worlang time by clicking the "Finish" button
in the bottom left hand corner of the screen. Yaonot return to the data entry form after
quitting.

Please click OK on your screen, once you have tieagk instructions, and wait for the other
participants. A countdown will start, once all pagants are ready. You will then be told
whether you are participant A (12 €) or participBn{2 €) and you can then also start work-
ing.
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7 Conclusions

This thesis encompasses five contributions on métion and fairness in behavioural eco-
nomics. Regarding information the following issir@we been examined: information acqui-
sition in two different auction formats, the valoenon-instrumental information is a second-
price sealed-bid auction, coordinative behavioua global game under two different kinds of
uncertainty and deceptive behaviour in an inforaratransmission game with a conflict of
interest. For fairness, multi-dimensional fairness embedded in a model of social prefer-

ences and self-serving bias behaviour was detected.

In chapter 2, a very important scenario for reatlv@pplications of auctions was investi-
gated, i.e. auctions with information acquisitiémthis set-up information acquisition to dis-
cover one’s private valuation for a good at auct®nostly. The uncertainty about one’s pri-
vate valuation can occur for all kinds of goodsrirold books or CDs to corporate takeovers
or spectrum auctions. The costs can be envisiosdtleaexternal costs of an expert opinion
determining the valuation or as the internal cagaitost for discovering one’s true valua-
tion. As this question is difficult to analyse wigmpirical or field data, we designed an ex-
periment exactly testing the theoretical predidiah a rational choice model. Starting with
the predictions for a second-price sealed-bid andErmglish auction with different cost pa-
rameters, we found that subjects buy excess infitmmas they fail to assess the correct value
of this instrumental information. In line with thisain result, we find further departures from
the rational theory, such as premature informagioquisition in the English auction and un-
derbidding in both formats. Extending the initiabadel with anticipated regret we can explain
why subjects still buy information above the raibmodel’s threshold level and why they

underbid, when not knowing their valuation.

The clear results from chapter 2, refuting theoral theory for auctions with information
acquisition, have raised a further question guidimg research for chapter 3. Here the sub-
jects’ behaviour dealing with non-instrumental mh@tion is scrutinised. Using a simple auc-
tion set-up subjects are provided with the oppotyuo acquire the highest valuation of their
competitors at a certain cost. This is non-instnt@leinformation in the second-price sealed-
bid auction at hand. As a result the excess infdtomacquisition behaviour is confirmed and
is extended to non-instrumental information. Furttiee bidding strategies exhibit underbid-
ding behaviour, which is striking given that theays®rs, had full information about their own

valuation. Overall, the experiments on auctionhviitformation acquisition prove that hu-
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man agents assess the information provided in aumdntext very different from the predic-
tions of standard rational choice models. Consiggtine strong evidence both these contribu-

tions provide, this is an area where more experiaievork is promising.

With chapter 4 a specific theory is put on tedtoiducing risk and ambiguity as two kinds of
uncertainty into a global game, framed as a sp#ealattack. First, we confirm that almost
all subjects employ switching strategies. Next,dh&a refutes the theoretical predictions that
subjects play unique equilibrium cut-offs. In faae find a high variance in the cut-offs of
individual players. Also we find excess aggressaasnin the individual subjects’ decisions,
which is consistent with previous experiments oobgl games and can be rationalised as-
suming that players have beliefs about others ptagverly aggressive strategies. Most im-
portantly, we investigate the two different kindsumcertainty regarding the signals in this
game. We cannot confirm the comparative staticgréial predictions of an opposite effect
for risk and ambiguity. The experimental data showglifference between risk and ambigu-
ity for the estimated cut-off values of individyalhyer and also no difference for the aggre-
gate coordination behaviour. As this kind of conadion game continuously generates overly
aggressive behaviour, one could further test wheghebal games also produce ambiguity

affine behaviour with additional experiments.

In chapter 5 we have studied a game of stratediecnration transmission and how players
exploit and respond to incentives for deceptiopeerlly when these are disclosed. Without
a conflict of interest there is no difference irbjgets’ behaviour for different degrees of
transparency. With a conflict of interest, incregstransparency has a significant effect on
subjects’ behaviour. The advisors send deceptivesages with a high frequency and in-
crease their extent of lying the more the confiicinterest is made transparent. Nevertheless,
advisors do not use maximally deceptive messageéghars overcommunicate. By contrast,
advisees account for the conflict of interest bscdunting the messages they receive. How-
ever, they do not discount the messages suffigieatlen given their own beliefs about the
degree of deception from their counterparts. Exyhg such behaviour, fairness concerns for

the advisees might play a role.

Chapter 6 was directed at fairness in behaviowwahemics. Based on an established theo-
retical model, we make a first step towards theegtigation of multi-dimensional fairness.
This is again a question difficult to address vathpirical data. Therefore, we start this ques-

tion with a small extension of a social preferengexlel, introducing a conversion factor to
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weigh off different dimensions of fairness, i.e.matary pay-off and working effort. Then we
devise a real effort experiment to obtain cleareobations about the two dimensions of fair-
ness at hand. We confirm that people perceive Bimtiensions of fairness and involve them
in their decision making. More importantly, we aele to demonstrate a self-serving bias
effect where players distort the conversion factortheir own advantage. In this regard, there
is a lot of experimental work remaining, testing thterplay and accessibility of additional

fairness dimensions.

Overall, this thesis has investigated how inforomais used in various economically relevant
contexts, such as auctions, speculative attack gameé strategic advice giving. It has also
demonstrated how the notion of economic fairness ks expanded to accommodate addi-

tional dimensions such as working effort.
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