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Abstract

Are commonly known beliefs essential for bidding behavior in asymmetric
auctions? Our experimental results suggest that not informing participants how
values are randomly generated does not change behavior much and may even
make it appear more rational.
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1 Introduction

Except for highly special classes of games, e.g., the class of dominance solvable
games,! game theory requires commonly known game rules which comprise all strate-
gically relevant information like the strategy sets, the payoas? as well as the beliefs
of all players. If any such aspect is uncertain or ambiguous, one usually transforms
such uncertainty into uncertainty resulting from more or less partially observable,
..ctitious chance moves whose probabilities, refecting individual uncertainties, are
assumed to be commonly known (Harsanyi, 1967/8). Common knowledge of the
rules of game is extremely unlikely. One often does not know one’s own goals;
how can one be sure what motivates others? Nevertheless, most applications as-
sume commonly known rules of game without even mentioning or at least trying to
justify this assumption.

In auction theory, the second-price private value auction (Vickrey, 1961) is, for
instance, dominance solvable. Studies of other auction types, however, assume com-
monly known beliefs concerning the values of others for the (unique) indivisible
object. The same applies to auction experiments (see Kagel, 1995). In auction
experiments one usually determines all valuations randomly and informs all partic-
ipants about the probabilities governing such random moves.® In actual auctions
such information about the beliefs of other bidders is very unlikely. Thus, experi-
ments without commonly known beliefs are very much needed.

We report experimental results of two-bidder private value auctions where both
bidders know that their valuations are positive and independent but not how they
are randomly determined. These results will be compared with those of an auc-
tion experiment with similarly determined random values but known probabilities.
Clearly, such a comparison allows to assess the ecects of commonly known beliefs.
Since the usual a priori-symmetry of bidders, implied by the iid-assumption? in auc-
tion theory, could encourage a false consensus-exect (others’ values are like mine,
see Engelmann and Strobel, 2000) it is essential to study an asymmetric auction.

Guth, lvanova-Stenzel and Wolfstetter (2001) have already explored experimen-
tally an asymmetric two-bidder auction, solved game theoretically by Plum (1992)
and Kalkofen and Plum (1996). In the new experiment we do not provide any infor-
mation how values are randomly generated, neither for the own nor for the other’s

1In dominance solvable games all players have a unique (weakly) undominated strategy like,
e.g., in prisoners’ dilemma games or random price mechanisms (Becker, De Groot, and Marschak,
1963).

2|f payows retect choice behavior, common knowledge of rationality can be described as com-
monly known payoss.

3Since beliefs are subjective a participant may, of course, entertain beliefs which diaer from the
experimentally controlled probabilities. This illustrates that in experiments one can try to control
subjective factors but never guarantee them.

“In the private value-case the iid-assumption means that all private values are independently
determined by an identical and independent chance move (distribution).



value.®

2 The former and the new experimental design

Plum (1992) solved a two-bidder asymmetric auction model where bidders’ private
valuations are independently drawn from distinct but commonly known distribu-
tions, one of which stochastically dominating the other.® \We use the special case
where bidders’ valuations v; for i = 1,2 are independently drawn from uniform dis-
tributions with supports [«, 3;] and [«, §5], with a = 50 < 5; = 150 < (35 = 200.
The equilibrium bid functions for the ..rst-price auction are in this case bzf(vi) =
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+ 1+\/1+’Yic(’ui70¢)2 for i = 172 with ¢ = (B—a)2 (By—a)? * Y1 = ]_, Yo = 1.

Thus bidder 2 with the more favorable valuation bids pointwise less than bidder
1. Furthermore, the ..rst-price auction is ine€cient since it happens with positive
probability that the bidder with the lower valuation wins the auction.” The second-
price auction is incentive-compatible so that b{(v;) = v;, for i = 1,2 and therefore
eccient.®

We only repeated the ..rst phase of the former experiment® consisting of four
cycles with 12 bidding rounds each. In a cycle the ..rst(second) six rounds were
..rst(second)-price auctions with newly generated values and randomly assigned
partners in each round. We use the instructions of the old experiment except for
the part informing subjects about the value ranges for both bidders and the equal
probability of all these integers. Instead it was only mentioned that “values are
positive and determined for each bidder independently and by chance”. The new
experiment uses the same random sequences of values v;, respectively v and the
matching protocol of the former experiment. Participants were, of course, not aware
of this. We also made sure that no subject participated in both experiments. In
this way we repeated ..ve (of the eight) sessions of the former study.'®

®The experimental instructions simply de..ne the payoa for a given value and do not explain how
this value is determined. If a participant asked for the way of determining the value, we would have
simply answered ”You do not know this”. In fact the question was never asked by the subjects.

®For a more general analysis in a similar framework see Maskin and Riley (2000).

"For example, if vo = 150, the bidder with the lower valuation wins the auction for all v; in the
interval between 130.18 and 150.

8That bidder 2 will never bid more than his rival’s maximum valuation 3, is also justi..able in
case of commonly known beliefs.

°In the later phases of Giith et al. (2001) participants could choose the auction type.

10As before participants received an endowment of 700 ECU (Experimental Currency Unit) to
cover possible losses. In both experiments 100 ECU correspond to DEM 1.50 (EUR 0.77). On
average subjects’ earnings in the former experiment are with 23.54 DEM slightly lower than in the
new one (25.41 DEM).



3 The exects of commonly known beliefs

Tables 1 and 2 compare the average e€ciency level £ = Kﬁf{;% (the share of
eCcient plays in brackets) as well as the average prices for both experiments, WO
(WithOut) and W (With commonly known beliefs) separately for ..rst-, respectively
second-price auction and all four cycles. Based on session averages the null hy-
pothesis of equal e€¢ciency E for both experiments cannot be rejected (p > 0.548,
Mann-Whitney-U test, two-sided, for both auction types and all cycles). The same
is true for the prices in the ..rst price auction. In the second-price auction the
prices in the WO-experiment are signi..cantly lower at the 5% level for bidders with
experience (cycle 3 and 4).

<Table 1 about here>

<Table 2 about here>

The similarly arranged Table 3 compares the average degrees D = M of
under-(D < 0) or over-(D > 0) bidding the own value for all values v; € {50 150}
and for both, the observed and theoretical bids, where we additionally distinguish
between bidder types, weak and strong. In case of the ..rst-price auction D is nat-
urally positive.!l As theoretically predicted the weak bidder bids more aggressively
than the strong bidder, i.e., underbids less. In the second-price auction D should
be zero and may therefore turn out negative.

Whereas in the WO-experiment underbidding slightly increases in the ..rst-price
auction for both bidder types, there is almost no overbidding on average in the
second-price auction. But again the null hypothesis of no dicerences between the
two experiments cannot be rejected for all cycles of the ..rst-price auction and for
the ..rst three cycles of the second-price auction (p > 0.06). For the last cycle of the
second-price auction the diaerences (nearly no overbidding of bidder 1, underbidding
by bidder 2 in case of WO compared to substantial overbidding by both in case of
W) are signi..cant for both bidders (MWU at the 5% level). The lack of commonly
known beliefs crowds out the rather robust overbidding in second-price sealed-bid
experiments (see, e.g., Kagel and Levin, 1993, Kagel, Harstad and Levin, 1987,
Kagel, 1995).

<Table 3 about here>

<Table 4 about here>

Table 4 lists the average earnings of the bidders. Despite the systematically
slightly higher pro..ts in the WO-experiment for both bidder types none of the
observed dizerences is signi..cant (p > 0.1). Altogether we hardly ever observe sig-
ni..cant dicerences between the two experiments suggesting no or rather minor ef-
fects of commonly known beliefs.1? If at all the minor ecects render behavior more

n the ..rst-price auction bids b; > v; are weakly dominated, only bids b; < v; can generate a
positive pro..t.
120ne can argue that due to the repetition and the provided feedback after each round subjects



equilibrium-like with experience.

Our main result is that the common knowledge assumption changes behavior
only slightly and hardly ever in signi..cant ways. For the applicability of game theory
this seems to be rather comforting: although commonly known beliefs are rather
unlikely, the results do not seem to depend much on this assumption. However, this
suggests that boundedly rational bidders do not engage in game theoretic reasoning.
More speci..cally, it seems that information about beliefs hardly matters for the way
how they decide.
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Auction First-price Second-price
Experiment wo | w wo | w
cycle | 1 | .96 (77%) | .97 (80%) | .97 (87%) | .96 (83%)

2 | .97 (83%) | .97 (83%) | .98 (90%) | .97 (87%)
3 | .98 (87%) | .97 (86%) | .98 (91%) | .98 (87%)
4 | .99 (90%) | .98 (87%) | .99 (91%) | .99 (95%)
all .97 (84%) | .97 (84%) | .98 (90%) | .98 (88%)

Table 1: Average Ecciency E (share of e¢cient allocations)



Auction First-price Second-price

Experiment | WO | W | E(p") [WO W E(p")

cycle | 1 |103.3|107.3 | 91.1 |83.1 834 893
2 98.7 | 103.3 | 886 | 869 912 89.8
3 |1045 (1069 | 905 | 87.0 928 89.8
4 | 102.8 | 105.8 | 91.1 | 826 89.7 855

all 102.3 | 105.8 | 90.1 | 849 89.3 88.6

Table 2: Average Realized and Expected Equilibrium Prices



Auction First-price Second-price

Bidder 1 \ 2 1 \ 2
Experiment | WO | w | D** [ wo* | w* | D** | wo” | w | D** | wo* [ w | D*
cycle | 1 23 | 18| .21 27 | 23| .25 .03 | .01 | .00 .05 | -.02| .00
2 19 A7 | .20 .27 22 | .23 -01 (-03| .00 .04 | -.03]| .00
3 A8 | .16 | .21 23 | .20 | 25 | -.01 | -.09| .00 .03 | -.06 | .00
4 A7 A6 | .21 21 21 | .25 -01 (-10| .00 .06 | -.05| .00
all 19 A7 | .20 .24 21 | .24 .00 | -.05| .00 .05 | -.04| .00

Table 3: Average degree D of under-(over-)bidding
[a: observed bids; b: theoretical bids]



Auction First-price Second-price
Bidder 1 2 1 2

Experiment [ WO| W [ WO | W [wO | W | wOo | W
cycle | 1 |6.85]|5.05| 21.75 | 20.74 | 13.43 | 13.88 | 38.32 | 36.97
2 |875|6.84|2045| 17.68 | 12.93 | 9.72 | 40.02 | 36.98

3 6.30 | 5.08 | 24.27 | 22.56 | 11.60 | 8.44 | 35.14 | 31.86

4 6.35 | 6.14 | 2451 | 21.60 | 14.70 | 11.88 | 37.43 | 33.21

all 7.06 | 5.78 | 22.75 | 20.64 | 13.17 | 10.98 | 37.73 | 34.76

Table 4: Average Pro..ts
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