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Abstract

A ‘collusion puzzle’ exists by which, even thougitieasing the number of firms reduces the
ability to tacitly collude, and leads to a collapsecollusion in experimental markets with
three or more firms, in natural markets there amhsiumbers of firms colluding successfully.
We present an experiment showing that, if managegsdeferential towards an authority,
firms can induce more collusion by delegating puatiun decisions to middle managers and
providing suitable informal nudges. This holds paty with two but also with four firms.

We are also able to distinguish compliance efféct® coordination effects.
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1. Introduction

There are many plausible and well documented resaadry an increasing number of firms
could make it more difficult to tacitly collude (ldk et al., 2004). However, it is still unclear
why the experimental literature finds that colluslareaks down with three or more firms in
the market, while in the real world larger numbeir$irms seem to be able to tacitly collude
(Davies et al., 2011; Sen 2003). Although many disnens affect the likelihood of a
collusive market outcome (for a review see Potéard Suetens, 2013), a ‘collusion puzzle’
remains regarding what dimensions potentially fieaté the ability to collude in settings with
larger numbers of firm3In this paper we present an experiment showing thenanagers
are deferential towards an authority, firms canuoel more collusion by delegating
production decisions to middle managers and progiduitable informal nudgésThis holds

not only with two but also with four firms.

Market size and the ability to collud&xperiments since Fouraker and Siegel (1963) and
Dolbear et al. (1968) have shown a significant éase in the equilibrium price in moving
from 2 to 3 or 4 firms in the market. In a pricétisg environment, Dufwenberg and Gneezy
(2000) showed that with 3 or 4 firms collusion beatkown after some initial learning took
place. Dolbear et al. (1968) provided two main oeasfor the breakdown in collusion: first,

the profit opportunities from collusion decreaseaha number of firms in the market as any

A huge experimental literature on collusive behav¥aund that fixed player matching (Huck et al. 020),
pre-play communication and announcements (Casomiants, 1995; Holt and Davis, 1990; Holt, 1985; Kuc
et al., 2001), within-play communication (Fonseod &lormann, 2012; Sally, 1995), leadership in #wse of
letting one firm decide first (Gith et al.,, 200#)e opportunity to punish non-collusive behavioelF and
Gachter 2000), experience in market interactiom@®ea and Faminow 1988; Dufwenberg and Gneezy 2000)
and concrete knowledge about the form of cost amlashd function (Huck et al., 1999) increased tkalitiood

of observing collusive behavior in oligopolistic tteggs. In contrast to collusion-increasing factors
complementary studies also suggested that e.ginfoimation on individual actions (Huck et al. B9Huck,
Normann, and Oechssler, 2000) or cost asymmetMesdn et al., 1992, 1991) decreased collusive behav
and increased competition instead.

4 By the terrmudgewe refer to a non-binding cue. This fits with there general use of the term as a change in
the decision environment pointing but not forcindehavior change as employed in Sunstein and Thaler
(2008) influential work.
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surplus needs to be split over more firms and s#ciris harder to bargain and achieve a
tacit agreement. Selten (1973) used a model to ghatvcollusion becomes harder as the
number of firms increases, as the number of fréersi increases with the number of firms.
There are additional reasons why we may expecusiolh to become more difficult. The
ability to use price or quantity to signal the imien to collude decreases as the number of
firms increases. Furthermore, in the lack of spepmanishment technologies, targeted
punishment of deviators becomes impossible. Evdémiére public knowledge who deviated
from an implicit or explicit collusive agreement, would be impossible to punish the
deviator only. This is because extending productoriowering the price would hurt all
market subjects (and not only the deviator). Asi§imeed not fear the potential punishment
of the other firms, this works against collusiomarkets with many firms (see e.g. Green et

al., 2013; Ivaldi et al., 2003).

In the experimental design closest to our studyckt al. (2004b) found that, whereas firms
in two player Cournot markets could collude consabdéy well, this ability decreased almost

linearly with the number of firms, making firms sptantities even above the Nash prediction
in markets with 4 or more players. In a Bertrantirsg, Fonseca and Normann (2012)

replicated the general finding that an increasingnber of firms decreases the ability to

collude but also showed that communication betweers could facilitate collusion (which

is then not tacit anymore) with 4 or more firms.

Deference to authority and institutional delegatiorhis paper considers a different and
possibly complementary mechanism that may also@umollusion even in multiple firms

markets. In the key experimental treatments, we thge experimenter as the authority
providing nudges towards the subjects making dmassiover quantities. This is meant to
model middle managers being delegated to make iindekgsions but who can, nevertheless,

get nudged by their line managers in suitable plbusive ways. We believe this to be a
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considerably ecologically more valid experimentaldel of the role of the authority in the
laboratory than, say, providing the role of auttyotd an experimental subject (e.g. as a ring
leader); the latter would make the experiment obeut peer pressure rather than about
authority® An additional benefit of having the experimentsrthe authority is that we can
ensure that there is an identical nudge acrossstisbpnd sessions (see Kimbrough and

Vostroknutov, 2013).

Two ingredients are required for the nudge to lelfusion. First, we rely on the behavioral
notion that workers may wish to be deferential tasatheir line managers, in parallel to
experimental subjects wishing to be deferentialaims the experimenter. In the words of
organizational psychologists Cialdini and Goldst¢#004, p.596), “most organizations
would cease to operate efficiently if deferenceatwhority were not one of the prevailing
norms.” Second, we rely on the decision over the marketable (quantity, in our

experiment) to be one that is delegated to the Imiohdinager. As noted by Vickers (1985, p.
144), delegating a decision could “in some case$ @issential for the credibility of some
threats, promises and commitments”. While one caakemexamples where upper
management was directly involved in setting the katwariables in natural world cartels,
these examples reflect the selected sample ofl€dn@thavebeen discovered. We suspect

that it may be rather harder to detect cases wihere is no smoking gun at the level of top

5 Ours is a deliberate use of experimenter demartteadirect object of investigation rather thanoafound
relative to other experimental objectives: see @i£2010) for a methodological discussion of expernitar
demand effects and Cadsby et al. (2006), KarakastdsZizzo (2012) and Silverman et al. (2012) ftreo
applications of using the experimenter as authanitthe context of a tax compliance, a money bgrand a
public good contribution experiment, respectivéle discuss Silverman et al. (2012) more below.

6 In a recent economic experiment, Robin et al. 220dund that workers are willing to change thgimions in
order to comply with those of their managers. Therempirical evidence that subordinates in orgations
may not worry about the ethical implications ofithations if cued by the authority (Ashford anck&s, 2003;
Darley, 2001), e.g. becoming willing to engagedoe discrimination (Brief et al., 1995).



Institutional Authority and Collusion A. SonntagdD.J. Zizzo

managemeritand, more fundamentally, where collusion takeselaithout any explicit

communicatior?.

The combination of deference to authority and dsieg could work as a commitment
device which could facilitate collusion. It coults@ work as a coordination device in the
presence of common knowledge of the same messaug deivered to middle managers of
different firms. We control for such coordinatioffeet in two ways. First, we implement
both treatments where such assurance of commonl&dge/is given and treatments where
the nudge is private information only. Second, wglement both a private information
treatment where the nudge requires knowledge ofctilkeisive outcome and one where
middle managers are simply told to produce less tha Nash quantity. This simply requires
a minimal understanding that there may be an adgenin trying to collude, as opposed to
even implicitly potentially relying on any explictoordination on a specific production
value. We are not the first to establish a posilinke between collusion and delegati®hut
our experiment is the first to analyze the rolenstitutional delegation for a varying number

of interacting firms (2 and 4).

Silverman et al.’s (2012) experiment looked at #féect of authority on public good
contribution. The paper is about inducing tax caemale; they varied the source of expertise
supporting the nudge they provided (a recommendat®d® make a given public good

contribution) and whether there was a penalty seaaf audit. They found an effect of their

" For example consider the switchgear cartel whaite gophisticated tactics were deployed to keapsiecret.
Besides using anonymous email accounts for seretingypted messages lower than top level managayegl
an important role in this chain of communicatioh.id unclear whether this cartel would at all hdbeen
detected by authorities if not for a cartel menitssif (ABB in that case) blowing the whistle.

8 An additional benefit of delegation is to “shiefdeir involvement [into illegal collusive actiwés] by
delegating operations to their hapless subordihgt@aker and Faulkner, 1993, p.855, content of sgua
brackets added).

9 Fershtman et al. (1991) argued that, if decisisse delegated, and there existed a high degree of
commitment (i.e. the contract between principalthviheir agents was public knowledge, somethingctvhi
however may be impractical under antitrust laws)foxwnal agreement between the principals is nedded
facilitate collusion.
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nudge variable, but no evidence for a role of i@ree of expertise and only weak evidence
in favor of an effect of an explanation for the gad® Their work is complementary to ours

in linking a decision setting in the broad classso€ial dilemmas to deference to authority.
Their game and focus is different from ours andrtpaper does not vary the number of
interacting players, which is essential to our expent. They also had nudge reminders
every round, whereas our manipulation is quite weals there was only one reminder in our

sequence of 24 rounds.

In our experiment we vary the number of firms (24@rwhether there is a nudge to collude,
whether there is an explanation for the nudge, indrethe nudge was common or private
knowledge, and the content of the nudge. Our kadirig is that our nudge is equally
effective in reducing the market quantity with Ziahfirms, and an explanation for the nudge
is not needed to achieve this result. Even remothiegelement of common knowledge did
not significantly reduce the level of collusion. rtaermore, just pointing in the ‘right
direction’ is enough for increasing collusion. léwabel as @ompliance effedhe pure effect
of deference towards the nudge by the authority amordination effectthe effect of
coordinating to a common sunspot provided by comikrmowledge of a nudge on a specific
production value, we are able to distinguish a danpe effect towards collusion from a
coordination effect, and to find evidence for tleenfer. In section 2 we introduce the
experimental design and state our hypotheses be&fergresent the results in section 3.

Section 4 discusses our findings and section 5ladas.

10 Specifically, an effect is found at p<0.05 onlyadne of the regressions once a number of covarates
added, and only as an interaction term.

11 Because of their different motivation, they alsapoy a random matching of players across rountiereas
for us (interacting firms in an oligopolistic matke fixed matching is more appropriate.
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2. Experimental Design and Hypotheses

2.1. Experimental Parameters

We used a Cournot type market with homogenous pisdlinear production costs and a
linear demand function and parameterized it idafiticco Huck et al. (2007, 2004b) and
Requate and Waichman (2010). That is, we used warse demand function df =
max(100 — Q, 0) with Q = Y >* g; and constant marginal costs equal t€ lgf) = g;). The
Nash prediction for the production quantity of fitrwrites asg) = 99/(n + 1) which for
the four player case ig' = 99/5 = 19.8, and for the two player caseqd& = 99/3 = 33.

Col

The collusive prediction igc°" = 99/2n, which for the four player caseg§® * = 99/8 =

12.375 and for the two player caseg&® ? = 99/4 = 24.75.

2.2.Procedures

We used a fixed matching protocol. At the starthef session, depending on the treatment
two or four subjects formed a group, and its contmrsdid not change throughout the entire
session. Each session lasted for two stages obdrads each. Subjects were able to use a
profit calculator to get an understanding of madketiand and of the relevance of the other
subjects’ actions on their own inconfeThey were told they would receive additional
instructions at the beginning of stage 2 (round; IBese instructions just contained
reminders. We used a market oriented frame to ptebe instructions (see Fonseca and

Normann, 20122 The experiment was programmed in z-Tree (Fischira@007) and was

12 Requate and Waichman (2010) found no significafierénce between the use of profit calculators and
payoff tables as a means of presentation.

13 Huck et al. (2004b) showed that whether an expaminis framed in an economically sensible or elgtire
neutral way can, but does not necessarily havave hn effect on behavior. Whereas in a five pggaurnot
setting Huck et al. (2004b) did not find any diffiace between the frames, the neutral frame caused
significantly more competitive behavior in a twapér situation. Although significant, the differenm means
was only one unit, a qualitatively rather smallfeli€nce, given a choice set of 0-100 and a rangeseful
strategies from 66 (Nash) and 49.5 (collusion).
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run at the CBESS laboratory at the University oftEAnglia. A random round payment
mechanism was implementéti. The number of independent observations (groupsy wa
almost equally distributed across treatments (H2igg in treatments A4, EA4, PA4 PALA4,
B2, A2, EA2, PA2 and PAL2 and 11 groups in treattig4). On average one session lasted

70 minutes and 212 subjects on average earned f8ufsls each.

2.3. Treatments

We employed a 2 (market size) x 5 (levels of autiofull factorial design. The following

five treatments were both implemented in 2-firmd drfirms market settings.

Baseline (B):In the Baseline treatment subjects simply repéateteracted in the Cournot

market laid out above for 24 periods.

Authority (A): In the Authority treatment the instructions wexaely the same as in B but
one additional sentence was added, nudging suli@groduce a particular quantity. After
the text of the Baseline instructions the followings added: “You are entirely free to
produce as few or as many units of output as yai(firom O to 100). That said, we would
ask you (and your co-participants) to produce 1@ifs of output. We are telling this not just
to you but also to your co-participan{gi the 2-firms setting 12.4 was replaced by 2448).
reminder of this, and only one reminder, was giaethe beginning of the second stage. The
requested production quantity (either 24.8 or 1ihits of output) was exactly equal to the

collusive output level for the respective markeesi

Explaining Authority (EA)In the Explaining Authority treatment, we used @kathe same
instructions as in Authority, but explained whywbuld be beneficial for the subjects to obey

the nudge by adding the following: “The reason gbauld do this is that, if you and your co-

Y The profits of one randomly chosen round per steggee added up and converted into pounds at araegeh
rate of 80 ECU = 1 pound. A participation fee gp@inds was added to the final earnings. We usedEBRS
(Greiner, 2004) to invite for the sessions andrditirestrict the CBESS subject pool.
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participants produce 12.4 units of output, theltptafits of you and your co-participants will
be the highest. You can use the profit calculatochteck the profitability of producing 12.4
units of output per firm.*® There was a corresponding reminder, and only enehe

beginning of the second stage.

Private Authority (PA):In contrast to the Authority treatment, in thevate Authority

treatment, the number requested was not commommiatmn but subjects were asked to
produce a specific number in private, i.e. they dal receive any information about the
quantity we requested from any of their co-subjéétSubjects were reminded on that

guantity once, and only once, at the beginnindnef¢econd stage.

Private Authority Less (PAL)he Private Authority Less treatment was simitathte Private

Authority treatment; however, we did not ask sutgeo produce the collusive level, but
simply to produce less than the Nash quantity ddtais a number). This request was
communicated in private. Subjects were remindetheir number at the beginning of the

second stage.

2.4.Hypotheses

Hypothesis 1: In the B 4-firms treatment, on averigns set their production around the

Nash equilibrium level. In the B 2-firms treatmegrgups collude more than 4-firms groups.

With the same parameters, Huck et al. (2004b) fanat most markets in a 4 firms setting
produced around 75 units (close to the Nash equitbof 79.2 units). We expect subjects to
behave similarly to Huck et al.’s (2004b) in thesBlne!’ Both theoretical (Fouraker and

Siegel, 1963; Selten, 1973) and empirical (Dolbetaal., 1968; Girerk and Selten, 2012;

B The experimental instructions can be found in Aulbe A.
1811 the PA treatment no explanation similar to Efetreatment was provided.
Y For a game-theoretical analysis of a comparalitingesee Selten (1973).
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Huck et al., 2007, 2004) results suggest that assng market size decreases the ability to

collude. Therefore, we expect that 2-firms grouplfude more than 4-firms groups.

Hypothesis 2: Nudging subjects to produce the soliquantity (treatments A, EA, PA) or
to produce less than the Nash quantity (treatmekit)RFeduces the total output below the

Nash output level, both for 2-firms and 4-firms keds.

As discussed in the introduction, we expect thevigion of the nudge to reduce production

levels and increase collusion as a result of deter¢éo authority and common knowledge.

Hypothesis 3: In the EA treatment quantities pralare lower than in the A treatment,

both in 2-firms and 4-firms markets.

As in Karakostas and Zizzo (2012) and Silvermaal.ef2012), we expect that explaining the
usefulness of obeying the nudge should, if anythfogher increase compliance with the

requested production level.

Hypothesis 4: In the PA and PAL treatments, quistiproduced are higher than in the A

treatment but lower than the Nash prediction, batB-firms and 4-firms markets.

We expect any effect caused by the A treatmenate two causes: @ordination effectiue

to the fact of commonly knowing the quantity we edkall subjects to produce and a
compliance effecof being deferential towards an authority. The &% PAL treatments
enable us to control for the coordination effedie difference between production in the A

treatment and production in the PA treatment messtine extent to which there is a

10
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coordination effect due to common knowledge. THiedgnce between production in the PA
treatment and production in the PAL treatment messuhe extent to which there is a
coordination effect due to a nudge (even if privaie a common production value. The
nudge in the PAL treatment simply requires a minioraderstanding that there may be an
advantage in trying to collude, which we believermirely plausible to assume in real world
settings without the need of a central planner ihglgo coordinate — a point which we
elaborate further in the discussion section. Uriex assumption, therefore, the difference
between production in the PAL treatment and prddaocin the B treatment measures the
extent to which there is compliance effect due étecence to authority controlling for both
sources of coordination effects. Our hypothesishat, while there is some coordination

effect, there is also a compliance effect.

Hypothesis 5: 2-player groups reduce their averggeduction by a larger extent as

compared to 4-player groups, if requested to d@reatments A, EA, PA and PAL).

As the opportunity costs of obeying the productiequest (i.e. unilaterally reducing the own
production quantity below the Nash output leveB argher in 4-player than in a 2-player
settings (e.g., see Selten, 1973), we expect ajyests to have a stronger effect in 2-player

than in 4-player settings.

3. Reaults

3.1. Testing the Hypotheses

Figure 1 and Table 1 summarize the results of rpegment:®

18 \We used the software packages R and STATA to aedhe experimental data.

11
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[Insert Figure 1 and Table 1 about hére

Result 1: Hypothesis 1's prediction of more colhusin 2-firms markets than in 4-firms
markets is not supported. Production levels in Bhzeatment in both market sizes are not

significantly different from the Nash prediction.

Support:In order to make production levels comparable ssmarket sizes, we follow the
approach of Huck et al. (2004b) and compute thie @&tthe average total quantity in the
market to the total quantity predicted by the Naghilibrium: that is, the Nash ratio #s=
Qactual ygNash - Comparing the Nash ratios of 2-firms and 4-firmarkets in B reveals that,
in smaller markets, firms produce slightly less.wdwger, this difference is not significant
(Wilcoxon, p=0.695). Both in 2-firms and 4-firms rkats the actually observed production
guantities (measured #) do not differ from the Nash prediction of 1 (sitgsts, p=1 and

p=0.549 for 2-firms and 4-firms markets, respedjiué&’

Result 2: Hypothesis 2 is supported. Relative ® Bhtreatment, subjects reduced their

production output if nudged to do so (treatment&A, PA and PAL).

Support: Table 1 shows a fall in overall production as suleof the nudge: in the 2-firms
markets, mean production goes down from about @&erB treatment to 63 in the PA and
PAL treatment and further to 58-60 in the A and tE#atments; in the 4-firms markets, mean
production goes down from about 82-83 in the Btinemt to 75-78 in the PA and PAL
treatment and further to 73-74 in the A and EA ttrents?° These quantities are

significantly higher than if the nudge had beenc&y followed in terms of requested

19 All bivariate tests in this paper are reportedias sided and computed on session averages pep gifou
subjects to control for within-session non indepere of observations.

201 the 2-firms case A, EA, PA and PAL at least gnaally reduced production (one-sided Wilcoxon ggst
with p=0.007, p=0.019, p=0.039 and p=0.067, re$pelgt In the 4-firms case A, EA, PA and PAL also
resulted in lower production levels, significanpa0.009, p=0.067, p=0.132 and p=0.052, respegtivel

12
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production (sign tests, all p<0.01), but they aleodower than the Nash equilibrium
predictions?! This result is especially important for the PAkatment where the (successful)

private nudge only asked subjects to produce less the Nash quantity.
[Insert Table 2 about hefe

Table 2 looks at this matter further by runningresgions on Nash ratios (with random
intercepts on subjects nested in markets to comrohon-independence of observations).
The independent variables include treatment dumrfdesEA, PA and PAL = 1 in the
respective treatments; 2 Firms = 1 in 2-firms megkimteraction dummies); period and stage
dummies (Period and PerfodPeriod 13 = 1 in Period 13 and Stage 2 = 1 inoBsrl3-24);
plus additional control& All regression models are consistent in pointiogatreduction of
the Nash ratio of between 11 and 12%, indicatingentmllusion on average in the A, EA,
PA and PAL treatmenfS All interaction terms with the 2 Firms dummies asignificant,

pointing to a robustness of the finding to whefivens are 2 or 4.

Result 3: Hypothesis 3 is not supported. Thereisvidence supporting lower production in

the EA treatment than in the A treatment.

Support:Table 1 makes this clear by showing that aggregiatéuction level in each market

was the same on average between A and EA +/- dbonit, and regardless of whether a 2-

211n 2-firms markets production was significantlyver than the Nash equilibrium prediction (one-sidégh
tests: A, EA, PA and PAL with p=0.003, p=0.019, a8 and p=0.073, respectively). In 4-firms markets
production also decreased; however, only qualightiin the case of EA and PA (one-sided sign teStEA,
PA and PAL with p<0.001, p=0.194, p=0.613 and p¥8,0espectively).

22 50c.Des. is a social desirability index collecterin a 16-items questionnaire at the end (Stébaplpthat
provides a psychological measure of sensitivitgdoial pressure. Male (=1 with male subjects), Boans (=1
for subjects with an Economics background), and Age also included in some regressions. None afethe
variables is significant and we shall not refethtem further.

23 s Authority is used as the baseline treatmernthéregressions, a significant coefficient of theatment
dummy B, but no significant coefficient of the atlieeatment dummies means that production quasifiti€cA,
PA and PAL are not significantly different from Mhereas the coefficients of EA and PAL are sigaifitty
different from the coefficient of B (Wald tests:th@<0.05), the coefficient of PA is not (p>0.1).

13
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firms or a 4-firms market is consider&uThe regression results of Table 2 show a similar
picture, as the regression coefficient for the Bfndy is not significant at conventional

levels (with Authority being the baseline treatmientable 2).

Result 4: We find only mild support for hypothesisThe production levels in the PA and
PAL treatments are only qualitatively higher tharthe A treatment, with that for PA sitting
half way between collusive production and Nash ¢tigrand that for PAL being of similar

value.

Support: The production levels observed in PA were 78.4 @& for 4-firms and 2-firms

markets, respectively. This is slightly but notrsfgantly higher than in the A treatment
(Wilcoxon test: p=0.128 and p=0.347 for 4-firms akdirms markets respectively). The
production in the PA treatment was significantlwé than the Nash prediction for 2-firms
markets (sign test: p=0.006), but in 4-firms mask#ie decrease in production is much
smaller and not significant (sign test: p=1). Theduction level observed in the PAL

treatment does not point to an increase relatithddA treatment.

In the regression analysis of Table 2, both theaRA PAL coefficients are not statistically
different from those on A and ER.The coefficient of PA lies almost exactly half way
between the coefficients of B and the other treatmevith a point nudge, i.e. A and EA,
while the coefficient on PAL is clearly not hightilan that on PA (if anything, the reverse,
though statistically insignificantly so). The comigan between PA and PAL provides no

support for a coordination effect due to a nudge@ommon specific production value, but

24 |n both 2-firms and 4-firms markets there is natistically significant difference between A and EA
(Wilcoxon tests, p=0.799 and p=0.977, respectivelyjis result is confirmed by the regression analyd
Table 2.

25\Wald tests: all p>0.1. Tables B1 and B2 in theesqulix contain the regression results of 4-firms affdtms
markets, respectively.

14
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the regression analysis points both to a cooradinagffect due to common knowledge and to

a compliance effect due to deference towards tHeodty (see Table 2).

Result 5: Against hypothesis 5, we find no diffeeebetween 2-firms and 4-firms groups in

terms of reaction intensity for all nudge treatnse(®, EA, PA and PAL).

Support:the magnitude of the reduction in output in thelgaitreatments did not appear to
be a function of market size. While the regressinalysis in Table 2 finds a significant main
effect of the baseline treatment being differeoifrthe authority treatment, the respective
interaction terms with market size are far fromnigesignificant. The results of running
regressions on 2-firms and 4-firms markets seplgraiee almost identical to the joint

regression results (see Tables B1 and B2).

3.2. Supplementary Analysis

Time trend.As shown by Table 1, we find that there is a tewgtefor production to be
reduced in the B treatment if one compares thée gixswith the last six rounds; this tends to
reduce the gap with the A, EA, PA and PAL treatreeNevertheless, the nudges appear to

produce more collusion from the beginning, and iishat is being picked up by result 2.
[Insert Table 3 about hefe

Precise production matche$here is additional evidence that the nudges neatteFable 3
presents the proportions of quantities chosen tgsfithat were precisely identical to the
Nash equilibrium level, and to the requested amoutite A, EA and PA treatments, of 12.4

or 24.8 units. In the A, EA and PA treatments, saty exactly followed the request to
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produce the specific quantity of 12.4 or 24.8 umt8972 (out of 5184) cases, against O cases

in which these quantities were produced in theeBttnent®

Interestingly, while in the EA treatment the pertegie of precise compliance to the nudge
was of the order of 22-30%, this roughly halve®1b4% in the A treatment (Wilcoxon test,
p=0.079 for 2-firms markets and p=0.022 for 4-firmsrkets). The percentage of precise
compliance to the nudge in the PA treatment waspeoable to that in the A treatment (12-
17%; in comparing PA and A treatments, Wilcoxort g0.583 and p=0.161 for 2-fims and
4-firms markets, respectively). This provides ferthsupport for a compliance effect
independent of a coordination effect, as precisaptiance takes place roughly to the same

degree whether or not there is common knowledgeaaimmon nudgg€.

4. Discussion

There is a ‘collusion puzzle’ to explain the difface between the robust lab finding that
having more than two firms competing in a marketstically reduces the ability to collude
(Huck et al., 2004) whereas in the real world cthn can be observed with a larger number
of firms as well (Davies et al., 2011; Davies arldz@k, 2008). The experiment presented in
this paper is one piece of a jigsaw puzzle to erplaese contrasting findings. While other
factors are clearly at work, such as communicatfonseca and Normann, 2012), we have
shown that a combination of delegation about probdncdecisions and deference to the
authority can also operate: we observed an increasellusion of roughly the same size (in

terms of Nash ratios) regardless of whether wezhad4 firms.

26 A reviewer asked how many individuals chose the-simot best response to the collusive outcome. This
almost never happened, at least precisely (0 08466 cases in 4-firms treatments and only 9 odf7@B cases

in 2-firms treatments). Further analysis on thisgilole heuristic, with limited supportive evideniepresented

in Appendix B.

21 Analyzing the response dynamics across treatnfeiitsving the procedure used by Huck et al. (1999)
revealed that the heuristic used most often wast'Besponse’. For details see Appendix B.
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The effect may have been further combined with ardioation effect, i.e. by having

common knowledge (treatments A and EA, for Authordand Explaining Authority

respectively) and asking decision makers to produspecific output level we created a
salient focal point for coordination. One potentalurce of the coordination effect is the
common knowledge, and we are able to identify #aarce by implementing the Private
Authority (PA) treatment. We found that a coordioateffect due to common knowledge is
accountable for about half of the difference betwte baseline and treatment A, with no

statistically significant difference however betwe® and PA.

Another potential source of the coordination effecthe fact that we provide a specific
production value. One might argue that, even in B¥# treatment, a central planner
(experimenter) nudges those in charge of the masdble towards this specific value, but
there is no equivalent central planner in real dettings as otherwise collusion would be
organized as an explicit cartel and not tacit amgndhe Private Authority Less (PAL)

treatment enables us to identify whether there t®@@dination effect of this kind. In this

treatment subjects are simply told to produce kss the Nash quantity. This simply
requires a minimal understanding that there magrbadvantage in trying to collude, which
we believe is entirely plausible to assume in veailld settings without the need of a central

planner?®

To elaborate on this, anyone who understood thie bigaamics of the game should be able
to anticipate that if all market subjects jointlgduced their production quantity below the
Nash quantity, up to a point, everyone would malkédr profits. The only assumption that

has to hold for translating our PAL environment &oreal world setting is that senior

28 p counterargument would be that this treatmentides direct information on the Nash quantity. Hoer
it is entirely clear from the baseline treatmehtst subjects rapidly converge to the Nash quangigardless of
being given this information directly. This is eety in line with previous experimental work, anfiea all is
straightforward for subjects to find the Nash qitsriiy using the profit calculator. Subjects, oreeage, were
well capable of finding the Nash quantity withol texperimenter explicitly revealing it to them.
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managers understand this basic intuition, whettten their own experience, from corporate
learning, or from a basic economics or businestht@mk. We find this assumption to be

generally minimal and plausible.

We also found a significant increase in precise l@nce rates — i.e. of subjects precisely
following the nudge - in the EA as compared to thdreatment. The provision of an
explanation roughly doubled the proportion of satgevho followed the request to the point
and significantly reduced overproduction in bothrke& sizes. If our findings were purely
driven by coordination effects, we should not hatserved this difference between the EA
and the A treatments, which in fact we did. Althbuge find strong EA vs. A treatment
differences on the individual level, it appearsttlgaven market response dynamics, these
differences average out on a market level. Thik &fcan aggregate difference between the
EA and A treatments is, of course, consistent witat Silverman et al. (2012) found in their
different setting. Interestingly, and again in sogppof a compliance effect, the lack of
common knowledge did not lead subjects to changeddgree to which they followed the

nudge precisely, as the percentages were the satne A and PA treatments.

Many corporate decisions are made in an institatioinamework with superiors and
subordinates. This naturally points to the questibwhether and to what extent nudges from
the higher level can facilitate collusion amongedgated middle managers charged to set
production levels. Although some studies formallyowed that delegating a strategic
decision could serve as a commitment device, welygeaware of one paper that tested such
implications experimentally? Huck et al. (2004a) analyzed the actions of owrsand

managers in a two-stage Cournot setting. First,assvehose one of two possible contracts

29n their theoretical analyses Fershtman and JUu@&87), Sklivas (1987) and Vickers (1985) prediatth
strategically delegating decisions about productiontities could result in a higher than benefficiatput
which in turn decreased the profits of the delegafirms. In that sense delegation would not beisadble to
firms.
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which they offered to their managers. All contraaffered were common knowledge among
all players. Second, managers set the producti@mtdies for their firms. The managers’

production decisions were highly dependent on taess’ contract choices, i.e. managers
used the signals they received from their own a$ agetheir opponent’s owner and reacted

to them by setting their production levels accogtin

While Huck et al. (2004a) explicitly assigned sulgeto the roles of both owners and
managers (2 each), we exogenously provide the @vreguest and let all subjects play the
role of managers only. Our implementation of deliegain the laboratory is stylized and
exploits the fact that the experimenter can be sgemuthority towards the experimental
subjects (Karakostas and Zizzo, 2012; Kimbrough\anstroknutov, 2013; Silverman et al.,
2012; Zizzo, 2010). We do not manipulate the natdrthe authority in our experiment but
this has been looked upon by Silverman et al. (Rbiltheir public good contribution setting,

and could clearly be looked at in future reseafobues.

Our manipulation of delegation was obviously vewlised. One obvious question for future
research is how the results would change if it wienewn that complying with the

instructions is “illegal”, or if there were the pasility of punishment. In these scenarios,
arguably it would be in the advantage of the higlesel executives not to provide an
explanation for the nudge. Even in our experimerplanations have no positive effects on
collusion. In a setting where punishment is possilthere would be clear reasons for
avoiding them as subordinates may potentially lss l&kely to follow the request if they

knew it was illegal; it also would increase the mi@mof potential witnesses in case of a trial

(Baker and Faulkner, 1993) or even encourage eHdtwers to step forward.

Other natural world dimensions of delegation cowlork in the direction of making our

results stronger (e.g. incentivized contracts, qanesfrom the superior officer, no anonymity
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etc.). If already simply being asked to do somethoould significantly affect behavior
(although complying individually was clearly paya@f®minated by not complying), making
the request stronger or making non-compliance & uafavorable choice for the decision
maker would potentially achieve higher collusiotesathan found in this experiment.

Clearly, future research is needéd.

5. Conclusion

A ‘collusion puzzle’ exists between, on the onedahe fact that increasing the number of
firms should reduce the ability to tacitly colludend leads to a collapse in collusion in
experimental markets with three or more firms; adthe other hand, the fact that in natural
oligopolistic markets there are cases of largerlmemof firms tacitly colluding (Davies et al.,
2011; Sen, 2003). We present an experiment showiag if managers are deferential
towards an authority, firms can induce more cotlndby delegating production decisions to
middle managers and providing suitable informalgesd This holds not only with two but
also with four firms. We cannot rule out a coordioa effect due to common knowledge by
the firms that the same nudge is being given terdilms. We find however no evidence for
a coordination effect due to an implied centrahpler requesting to producing the collusive
output. A nudge simply suggesting to produce lhas the Nash quantity was as effective as
a nudge suggesting to produce the collusive outcovie believe that it a plausible
assumption that (most) real world senior managederstand the basic intuition that trying

to produce less can be jointly profitable.

Controlling for coordination effects, we are able ilentify a compliance effect from

deference to authority. Based on the experimepsallts we have presented, if firms want to

301n our experiment we deliberately nudged peopleatds the collusive output (in treatments A, EA &#).
Alternatively, one could imagine nudging people aosds a less favorable production level. Anotheersion
of our work could be along the lines of increasthg numbers of firms in the markets further; foammple,
Fonseca and Normann (2012) consider 6-firms andh@&fmarkets.
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engage in collusion, delegating decisions inteynatbuld be a useful device to exploit

deference to authority as a way of facilitating it.
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Figure 1. Average absolute quantities per market and treatment

90~
Treatments

Baseline (B)
Authority (A)

72— - - ——p————————————————- Explained Authority (EA)  ———————-
Private Authority (PA)
Private Autharity Less (PAL)
70
GE0————
495~

Total number of units produced

Mumber of firms

Note: Means plus/minus standard errors (whiskers). Tdgheld horizontal lines at 79.2 and 66.0 indicage th
Nash prediction for 4 firms and 2 firms settingsspectively. The dash-dotted horizontal line ab48dicates
the collusive production quantity.

Table 1: Summary statistics for the averagetotal quantities per market

Players Nash Coll. B A EA PA PAL Overall

mean 4 792 495 825 (77.0) 73.1(72.8) 73.7 (69.8) 78.47Y45.3 (74.0) 76.5 (74.0)

owerall (median 2 66.0 49.565.9 (64.2) 58.5(59.8) 59.7 (60.0) 62.635%3.1(64.0) 61.9 (62.8)
Nashratio 4 1.0 0.63 1.04 0.92 0.93 0.99 0.95 0.97
2 1.0 0.75 1.00 0.89 0.90 0.95 0.96 0.94

mean 4 792 495 91.2(82.0) 77.7 (75.8) 73.3(69.9) 81.48p772.8 (68.0) 79.1(72.0)

Firstsix — (median 2 66.0 49.5 66.4 (65.0) 57.9 (56.5) 55.1(55.0) 61.7F6XB4.2 (63.0) 61.1 (60.0)
periodsonly |\ vio 4 1.0 0.63 1.15 0.98 0.93 1.03 0.92 1.00
2 1.0 0.751.01 0.88 0.84 0.93 0.97 0.93

mean 4 792 495 76.6(76.5) 73.6 (74.5) 72.6 (69.8) 75.9QY7.5 (76.5) 75.2 (74.8)

Lastsix  (median) 2 66.0 49.5 63.7 (64.0) 59.4 (61.0) 62.6 (61.9) 62.99p%1.7 (64.0) 62.1 (64.0)
periods only 4 1.0 0.63 0.97 0.93 0.92 0.96 0.98 0.95

Nash ratio

2 1.0 0.75 0.97 0.90 0.95 0.95 0.93 0.94

Notes B, A, EA, PA and PAL denote the treatments BasgliAuthority, Explaining Authority, Private
Authority and Private Authority Less, respectiveNash denotes the Nash-Cournot prediction and Coll.
describes the collusive output level. The Naslorigtidefined as the actual market production diyitg Nash
prediction for the overall market production.
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Table 2: Regressionson group level Nash ratios (r)

(1) (2) (3)

(4)

B 0.119*** 0.119*** 0.119%*** 0.119***
(0.0457) (0.0457) (0.0457) (0.0456)
EA 0.00792 0.00792 0.00792 0.00774
(0.0447) (0.0447) (0.0447) (0.0446)
PA 0.0668 0.0668 0.0668 0.0665
(0.0447) (0.0447) (0.0447) (0.0447)
PAL 0.0273 0.0273 0.0273 0.0274
(0.0447) (0.0447) (0.0447) (0.0446)
2 firms -0.0372 -0.0372 -0.0372 -0.0377
(0.0452) (0.0452) (0.0452) (0.0451)
B x 2 firms -0.00592 -0.00592 -0.00592 -0.00565
(0.0646) (0.0646) (0.0646) (0.0645)
EAX 2 firms 0.0104 0.0104 0.0104 0.0112
(0.0639) (0.0639) (0.0639) (0.0639)
PAX 2 firms -0.00427 -0.00427 -0.00427 -0.00376
(0.0639) (0.0639) (0.0639) (0.0639)
PAL x 2 firms 0.0423 0.0423 0.0423 0.0430
(0.0639) (0.0639) (0.0639) (0.0638)
Period 1 0.193*** 0.220*** 0.220***
(0.0123) (0.0149) (0.0149)
Period 13 -0.0437***  -0.0352** -0.0352**
(0.0123) (0.0138) (0.0138)
Period 0.00641*** 0.00641***
) (0.00189) (0.00189)
Perioc -0.000159* -0.000159*’
(0.0000658) (0.0000658)
Stage 2 -0.0316***  -0.0316***
(0.0110) (0.0110)
Soc.Des. -0.0000978
(0.000999)
Male 0.00132
(0.00642)
Age 0.000148
(0.000818)
Economics 0.00172
(0.00687)
Constant 0.923*** 0.917*** 0.883*** 0.880***
(0.0316) (0.0316) (0.0332) (0.0389)
Observations 8544 8544 8544 8544
Log. Likelihood 246.8 376.2 383.4 383.5
Chi-squared 18.74 281.5 296.4 296.6

Notes The baseline for the above regressions is themdsfAuthority (a) treatment. B, EA, PA and PAL
represent dummies for the Baseline, Explaining Artl, Private Authority and Private Authority Less
treatment, respectively. 2 Firms and Stage 2 dedotemies for a market size of 2 and the Period2413-
respectively. The dummies Period 1 and Period &8 the value of 1 in period 1 and 13 (when subjectee
reminded of the nudge), respectively and 0 otherwiSoc.Des. denotes a numeric measure for social
desirability. Age is the numeric age in years. Matel Economics are dummies that are one if thecpzant

was male and an economics major, respectively.célilmns contain coefficients of linear random ioégt
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models clustered by subjects nested in sessioasdatd errors in parenthes@sSignificance levels of
coefficients: **p < 0.01, *p < 0.05, *p < 0.1

Table 3: Proportion of production quantities less than, equal to and greater than the
requested quantity and the proportion of production quantities equal to the theoretical
Nash prediction

Treatment  Less than x Exactly x More thanx  ExactlylNas

B4 0.32 0.0C 0.67 0.0C
Ad 0.1¢ 0.14 0.6€ 0.0C

EAd 0.1€ 0.3C 0.54 0.0C

PA4 0.12 0.17 0.72 0.0C

PAL4 0.65 0.0% 0.3C 0.0%

Overall o, 0.11 0.0C 0.8¢ 0.0E
A2 0.14 0.0¢ 0.77 0.02

EA2 0.12 0.27 0.6€ 0.02

PA2 0.07 0.1€ 0.7€ 0.0€

PAL2 0.5¢ 0.2¢ 0.17 0.2¢

B4 0.47 0.0C 052 0.0C

Ad 0.25 0.1% 0.6C 0.0C

EAd 0.21 0.37 0.42 0.0C

Eirst six PA4 0.25 0.1¢ 0.57 0.0C
. 0.74 0.02 0.2t 0.02
p(ejrr:%ds B2 0.2¢ 0.0C 0.8¢ 0.0z
A2 0.27 0.04 0.6¢ 0.0C

EA2 0.25 0.23 0.52 0.01

PA2 0.17 0.1% 0.6¢ 0.0z

PAL2 0.5€ 0.2€ 0.1¢ 0.2€

B4 0.24 0.0C 0.7€ 0.0C

Ad 0.1C 0.11 0.7¢ 0.0C

EAd 0.14 0.23 0.62 0.0C

Last six PA4 0.0€ 0.14 0.81 0.01
. 0.61 0.0% 0.34 0.0%
pirr']?yds B2 0.0¢ 0.0C 0.91 0.0z
A2 0.0€ 0.1% 0.7¢ 0.0z

EA2 0.01 0.1¢ 0.7¢ 0.0%

PA2 0.02 0.1¢ 0.7¢ 0.1%

PAL2 0.5¢ 0.2¢ 0.12 0.2¢

Notes B, A, EA, PA and PAL denote the treatments BasgliAuthority, Explaining Authority, Private
Authority and Private Authority Less, respectivelthe numbers 4 and 2 indicate the number of firmghe
market. The value of x refers to the number thatigipants were asked to produce in the A, EA ard P
treatments and the number participants were askedghtlercut in the treatments PAL (note that for PAL
treatments columBxactly xandExactly Nashare identical).

31 we did not estimate a Tobit model as the lowestlaghest observed values for the group Nash ratere
0.15 and 3.36, respectively.
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Appendix

A. Experimental Instructions

Printed below are instructions for the 4 firms Bemgesetting. Parts in [ ] were added to the
baseline instruction in the A treatment. In the E#atment, the A treatment instructions were
extended by parts in [[ ]]. Parts in { } and < > meadded to or cut (when struck through)
from the baseline instructions in the PA and thd.Ri&atment, respectively. Instructions for
2 firms treatments were identical with the necessdranges for the different number of

firms.

Instructions
Introduction

Welcome to today's experiment on decision makinge Session will begin shortly.
Before we start, we have a few reminders. Firsheip us keeping the lab neat and tidy,
we ask you not to eat or drink in the lab. Also,as& you to turn off your mobile phone
and other devices completely. Please refrain fraRirtg to other participants during the
experiment. If you have a question at any pointh@ experiment, please raise your
hand.

In this experiment, you will repeatedly make demisi. By doing this you can earn
money. How much you earn depends on your decisaoson the decisions of other
participants.

This experiment consists of 2 stages lasting 12dswach. You will receive additional
instructions on screen before stage 2—<{All-pgrtiatsreceive-the-same-instructions.}>
Your decisions will be absolutely anonymous, i.@utyidentity will neither be revealed

to your co-participants nor to the experimentersaay time during or after the

experiment.

Groups of firms

In this experiment, you will be matched with thmther participants to form a group.
These groups of four will stay the same througlioatfull duration of the experiment.

You represent a manger in a firm that, like the¢hother firms in your group, produces
and sells one and the same product in a market. cbs¢és of production are 1
experimental currency unit (ECU) per unit of outfhis holds for all firms). All firms
will always have to make one decision, namely,tsetquantity they wish to produce.
Every firm can produce from 0 to 100 units of odtipuevery round.

Profits

The following important rule holds: the larger ttetal quantity of all firms in your

group, the smaller the price that will emerge ia tharket. Moreover, the price will be
zero from a certain amount of total output upwahliste that the market will always be
cleared, i.e. whatever price results from the tptadduced quantity every firm will sell
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all of its quantity. Your profit per unit of outpuiill then be the difference between the
market price and the unit cost of 1 ECU. Your grpér round is thus equal to the profit
per unit multiplied by the number of units you sélbte that you can make a loss, if the
market price is below the unit costs.

In each round the outputs of all four firms of yogioup will be registered, the

corresponding price will be determined and the eespe profits will be computed.

From the second period on, you will learn about dherage output produced by the
other firms, your own output, the resulting markeice and your own profit in the

previous period, in every period.

Furthermore, you will have access to a profit calmr. You can use it to simulate your
profit for arbitrary quantity combinations. You canter two values, an average quantity
for the other companies in your group and a quaifit yourself. The profit calculator
then tells you what your profit would be, given tigped in quantities. You can use the
profit calculator to simulate as many combinati@ss you want before each actual
decision.

Final Payment

This experiment has 2 stages that last 12 rounds. &4 the end of the experiment one
winning round per stage is chosen at random. Whkatgegur earnings in these two
rounds were, they are summed up and convertechouads at the rate of 80 ECU =1
pound. If the sum of your stage 1 and stage 2 legsnis negative, this loss will be
deducted from your participation fee of 3 pounds.

<{[Request]}>

<{[You are entirely free to produce as few or asgnanits of output as you like (from
0 to 100).]}>

[That said, we would ask you (and your co-partinipto produce 12.4 units of output.
We are telling this not just to you but also to yoa-participants.]

[[The reason you should do this is that, if you amdir co-participants produce 12.4
units of output, the total profits of you and y@erparticipants will be the highest.]]

[[You can use the profit calculator to check thefjpability of producing 12.4 units of
output per firm.]]

{That said, we would ask you to produce a specifimber of units. This number will
be displayed on your computer screen soon. Whensgeuthe number on the screen,
please write it down here: 3

<That said, we would ask you (your firm) to proddess than a specific number of
units of output. This number will be displayed aruy computer screen soon. When you
see the number on the screen, please write it dh@nat >

Please remain seated until the experimenter tellstg collect your payment. Before
starting to take decisions, we ask you to fill iguestionnaire. The only purpose of the
guestionnaire is to check whether you have undedstioese instructions.
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B. Further Analysis

On market size

Figure B1: Absolute number of units produced by period and treatment (4-firms
markets only)

Treatments
120~ < Baszeline 4 & Frivate Autheority 4
O  Authority 4 ¥ Private Authority Less 4

% Explaining Authority 4

Absolute group guantity

Rounds

Notes: The dotted lines at 79.2 and 49.5 repretbenfNash prediction and the collusive productioardity,
respectively.

Figure B2: Absolute number of units produced by period and treatment (2-firms
markets only)

Treatments
< Baseline 2 A& Frivate Authority 2
O  Authority 2 W Private Authority Less 2

4 Explaining Authority 2

Absolute group guantity

Rounds

Notes: The dotted lines at 66.0 and 49.5 repretbeniNash prediction and the collusive productioardity,
respectively.
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TableB1: Regressionson group level Nash ratios (r), 4-firmstreatments only

1) (2) (3) 4)
B 0.119** 0.119** 0.119** 0.119**
(0.0477) (0.0477) (0.0477) (0.0476)
EA 0.00792 0.00792 0.00792 0.00815
(0.0466) (0.0466) (0.0466) (0.0466)
PA 0.0668 0.0668 0.0668 0.0671
(0.0466) (0.0466) (0.0466) (0.0467)
PAL 0.0273 0.0273 0.0273 0.0276
(0.0466) (0.0466) (0.0466) (0.0466)
Period 1 0.299%*** 0.324*** 0.324***
(0.0164) (0.0199) (0.0199)
Period 13 -0.0408** -0.0265 -0.0265
(0.0164) (0.0184) (0.0184)
Period 0.00615** 0.00615**
' (0.00253) (0.00253)
Perio¢ -0.00013: -0.00013:
(0.0000878) (0.0000878)
Stage 2 -0.0408***  -0.0408***
(0.0147) (0.0147)
Soc.Des. 0.0000531
(0.00131)
Male -0.000335
(0.00808)
Age -0.0000114
(0.00106)
Economics 0.00179
(0.00871)
Constant 0.923*** 0.912*** 0.881*** 0.881***
(0.0330) (0.0330) (0.0357) (0.0445)
Observations 5664 5664 5664 5664
Log. Likelihood -364.1 -197.7 -192.7 -192.6
Chi-squared 8.474 351.3 362.0 362.1

Notes The baseline for the above regressions is thendsfAuthority (A) treatment. B, EA, PA and PAL
represent dummies for the Baseline, Explaining Artl, Private Authority and Private Authority Less
treatment, respectively. Stage 2, Period 1 andoBekB denote dummies for the Periods 13-24, Perady
and Period 13 only, respectively; Soc.Des. derat@smeric measure for social desirability. Agehis humeric
age in years. Male and Economics are dummies tkabige if the subject was male and an economicermaj
respectively. All columns contain coefficients ofdar random intercept models clustered by subjeested in
sessions; standard errors in parentheses; Sigmicievels of coefficients: ***p < 0.01, **p < 0.05p < 0.1
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Table B2: Regressionson group level Nash ratios (r), 2-firms treatments only

1) (2) (3) 4)
B 0.113*** 0.113*** 0.113%*** 0.113***
(0.0435) (0.0435) (0.0435) (0.0433)
EA 0.0183 0.0183 0.0183 0.0194
(0.0435) (0.0435) (0.0435) (0.0435)
PA 0.0625 0.0625 0.0625 0.0628
(0.0435) (0.0435) (0.0435) (0.0433)
PAL 0.0696 0.0696 0.0696 0.0709
(0.0435) (0.0435) (0.0435) (0.0435)
Period 1 -0.0170 0.0149 0.0149
(0.0163) (0.0198) (0.0198)
Period 13 -0.0495***  -0.0522***  -0.0522***
(0.0163) (0.0183) (0.0183)
Period 0.00690***  0.00690***
' (0.00251) (0.00251)
Perio¢ -0.000206*" -0.000206**
(0.0000871) (0.0000871)
Stage 2 -0.0136 -0.0136
(0.0146) (0.0146)
Soc.Des. -0.000231
(0.00140)
Male 0.00402
(0.0101)
Age 0.000358
(0.00119)
Economics 0.00193
(0.0105)
Constant 0.886*** 0.889*** 0.850*** 0.841***
(0.0308) (0.0308) (0.0336) (0.0450)
Observations 2880 2880 2880 2880
Log. Likelihood 848.0 853.0 857.1 857.3
Chi-squared 8.459 18.52 26.75 27.18

Notes The baseline for the above regressions is then2sfAuthority (A) treatment. B, EA, PA and PAL
represent dummies for the Baseline, Explaining Artl, Private Authority and Private Authority Less
treatment, respectively. Stage 2, Period1 and &@d&3odenote dummies for the Periods 13-24, Perioalyland
Period 13 only, respectively; Soc.Des. denotesraenic measure for social desirability. Age is theneric age

in years. Male and Economics are dummies that aeeibthe subject was male and an economics major,
respectively. All columns contain coefficients ofdar random intercept models clustered by subjeested in
sessions; standard errors in parentheses; Sigmicievels of coefficients: ***p < 0.01, **p < 0.05p < 0.1
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Response dynamics

We analyze the response dynamics across treatrfo#ioising the procedure used by Huck
et al. (1999); see Table B3. By defining three Istigs that subjects might have used to
respond to the behavior of other group members;ameanalyze which heuristic subjects on
average were more likely to use under which treatm® subject is described to use a ‘Best
response’ heuristic if he or she sets quantity stngt it maximizes his or her payoff,
provided that the other subjects in the group pcedilne same quantity in total as in the
previous round. Furthermore, a subject is deemeitibate the average of the previous
round’ if he or she produces the average of therognoup members’ production in the
previous round and to ‘Follow the nudge’ if he dresproduces exactly the requested
quantity.BR! " is the best response of subjetd period: — 1, IA~! denotes the imitated
average of subjectsi in periodt — 1 andFN is time invariant and denotes the requested
quantity (in A, EA and PA only). We can then estiexf — g/ > = g;(BR™* —q/™) +

B (IASY — qF™1) + B3 (FN — gf~1). This enables us to identify which of the threarfstics

can explain the observed behavioral dynarfia&/e present these results in Table B3.

Furthermore, we analyze whether subjects deliblgrdatg to exploit their fellow group
members by setting their own quantity as the profitximizing best response to the belief
that all other group members would follow the nuéftj@/e shall understand such subjects as
using the heuristic ‘Best response to others falovthe nudge’ BRN). That quantity is time

invariant and takes the values of 30.9 and 37.4ftims and 2-firms markets, respectively.

32 The larger a regression coefficient in Table Bsis more explanatory power the underlying heuriktis.
Note that a regression coefficient for the ‘Folltive nudge’ heuristic cannot be estimated for thenB PAL
treatments as in neither of them a point nudgepragided that they could potentially have followed.

33 We thank an anonymous reviewer for this suggestion
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Thus we estimate! — g/~ = By (BRI™ — qf™") + B, (FN — qf™') + B3(BRN — ¢/™1) and

present the results in Table 8%.

From applying specification 1 to all periods (TaBl@ — part A), we find that ‘Best response
to previous round’ across treatments has the higleslanatory powet> We think that
‘Imitating the average’ was also used frequentlgaose, when assuming that other subjects
on average set their production quantities simdawvhat they did in the previous period, this
heuristic would make any firm at least not worsktludéin others. When focusing on period 13
only (period 13 is the first period after subjeetsre reminded of the nudge), we find that the
heuristic ‘Follow the nudge’ best explains the dat& out of 6 treatments where the heuristic
could potentially have been applied, i.e. EA4, PA2, EA2 and PA2 (see Table B3 — part

B).

A comparison of the results obtained from spediiica2 over all periods (Table B4 — part
A) with those from focusing on period 13 only, raisethat subjects indeed ‘Follow the
nudge’ more often when they were only very recemégninded on their nudge, i.e. the
production request was very fresh in their mind$iew analysing on the regression on all
periods, there also seems to be some evidenceeotigh of a ‘Best response to others
following the nudge’ heuristic, but this seems wlbss consistently the case in period 13,

and Figure B3 below does not show much suppoth®heuristic.

341t is not possible to jointly estimate the explamyg power of all of the above heuristics in onedfication
due to collinearity issues. Huck et al. (1999) aksied for an ‘Imitate the best’ heuristic, whathbjects could
not have used in our experiment as they only receimformation about the other players’ average rimit
individual production levels.

35 This is not the case for A2, where ‘Follow the gedexplains the observed dynamics best.
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Figure B3: Histograms of produced quantities, by treatment
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Notes: For a better resolution the histograms ware off at 60. Nevertheless they contain 99% of all
observations. The dashed lines at 12.4 and 24i8aitedthe requested quantities in treatments Aakd PA in
4-firms and 2-firms markets, respectively. The edtlines at 19.8 and 33.0 refer to Nash equilibrgurantities

in 4-firms and 2-firms markets, respectively. Thesld-dotted lines at 30.9 and 37.1 denote the ooebsist
response to the collusive output of all other grmgmbers for 4-firms and 2-firms treatments, respely.
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Table B3: Regressions on changein individual quantity (q; — q;_1), Specification 1

All periods
Part A B4 A4 EA4 PA4 PAL4 B2 A2 EA2 PA2 PAL2
Best response to 0.321%*  0.254*  (0.228**  (0.318** (0.320*** 0.273**  0.244* 0.177**  0.284**  (0.371***
previous round (0.0625) (0.0388) (0.0522) (0.0524) (0.0447) (0.0639) (0.0924) (0.0469) (0.0668) (0.0623)

Imitate the average ~ 0.140%*  0.227*  0.157** 0.294** 0.153** 0.161* 0.113*  0.110% 0.0107  0.116**
of the previous rounc (0.0487) (0.108)  (0.0507) (0.0960) (0.0518) (0.0587) (0.0641) (0.0443) (0.0281) (0.0381)

Follow the nudge 0.188**  0.132 0.0886 0.303** 0.137*  0.0937

(0.0790)  (0.0808)  (0.0742) (0.0733)  (0.0667) (0.0675)
Observations 1012 1104 1104 1104 1104 552 552 552 552 552
Adjusted R-squared  0.272 0.389 0.272 0.406 0.286 0.254 0.342 0.234 0.256 0.287

Period 13 only

Part B B4 A4 EA4 PA4 PAL4 B2 A2 EA2 PA2 PAL2
Best response to -0.0375  0.0203 0.270**  0.0578 0.333** 0.191** 0.0264 -0.336* -0.245* 0.376*
previous round (0.310) (0.123) (0.0960) (0.117) (0.137) (0.0858) (0.117) (0.184) (0.124) (0.202)
Imitate the average 0.479* 0.447* -0.0190 0.0781 0.121 0.274 -0.00134  0.290** 0.00534  0.275*
of the previous rounc (0.192) (0.174) (0.0905) (0.0831) (0.114) (0.229) (0.168) (0.117) (0.0853) (0.125)
Follow the nudge 0.0199 0.369** 0.467** 0.341 0.563***  0.308**
(0.188) (0.182) (0.115) (0.271) (0.148) (0.118)
Observations 44 48 48 48 48 24 24 24 24 24

Adjusted R-squared  0.402 0.333 0.370 0.529 0.222 0.0935 0.0818 0.598 0.328 0.420

Note: Robust standard errors clustered by subjegiarentheses. Response dynamics analysis folipthi@ procedure by Huck et al. (1999). Individuahutity (t) and
individual quantity (t-1) describe the absolute femof units produced per firm in Round t and telspectively. B, A, EA, PA and PAL denote the tneaiits Baseline,
Authority, Explaining Authority, Private Authoritgnd Private Authority Less, respectively. 4 ansddate the number of firms in the market. Eacluewi is estimated
with data from the relevant treatment only. Theresgions of part A and part B were estimated wétta @f all periods and period 13 only, respectivBignificance levels
of coefficients: ***p < 0.01, **p < 0.05, *p < 0.1
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Table B4: Regressions on changein individual quantity (q; — q;_1), Specification 2

A. Sonntag and D.J. Zizzo

All periods

Part A B4 Ad EA4 PA4 PAL4 B2 A2 EA2 PA2 PAL2
Best response to 0.404**=*  0.0958 0.120** 0.0880 0.401*=*  0.330***  0.0177 -0.0428 0.262***  0.427***

previous round (0.0577) (0.0835) (0.0465) (0.104) (0.0567) (0.0620) (0.0895) (0.0808) (0.0854) (0.0600)
Follow the nudge 0.417**  0.291***  (0.392*** 0.416**  0.247*** 0.104

(0.0845) (0.0830) (0.0823) (0.0652) (0.0532) (0.0898)

Best response to others 0.153* 0.105***  0.206*** 0.226* 0.220** 0.0215

following the nudge (0.0664) (0.0364) (0.0678) (0.128) (0.0886) (0.0561)
Observations 1012 1104 1104 1104 1104 552 552 552 552 552
Adjusted R-squared 0.244 0.384 0.271 0.395 0.251 0.194 0.342 0.234 0.256 0.256

Period 13 only

Part B B4 A4 EA4 PA4 PAL4 B2 A2 EA2 PA2 PAL2
Best response to 0.512* -0.278 0.283**  0.00569  0.408** 0.234 0.0291 -0.917**  -0.256 0.457

previous round (0.264) (0.196) (0.103) (0.135) (0.186) (0.139) (0.342) (0.368) (0.259) (0.291)
Follow the nudge 0.467**  0.350 0.545%** 0.339* 0.853**  (0.314***

(0.150) (0.219) (0.141) (0.196) (0.189) (0.0897)

Best response to Others 0298** '00126 00521 '000268 0581** 00107

following the nudge (0.116) (0.0603) (0.0554) (0.335) (0.234) (0.171)
Observations 44 48 48 48 48 24 24 24 24 24
Adjusted R-squared 0.167 0.333 0.370 0.529 0.212 0.0532 0.0818 0.598 0.328 0.307

Note: Robust standard errors clustered by subjegiarentheses. Response dynamics analysis folipthi@ procedure by Huck et al. (1999). Individuahutity (t) and
individual quantity (t-1) describe the absolute fwemof units produced per firm in Round t and telspectively. B, A, EA, PA and PAL denote the tneaiits Baseline,
Authority, Explaining Authority, Private Authoritgnd Private Authority Less, respectively. 4 ansddate the number of firms in the market. Eacluewl is estimated
with data from the relevant treatment only. Theesgions of part A and part B were estimated wéta af all periods and period 13 only, respectivBignificance levels

of coefficients: ***p < 0.01, *p < 0.05, *p < 0.1

37



