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Auctions with Anticipated Regret: Theory and Experiment 

By EMEL FILIZ-OZBAY AND ERKUT Y. OZBAY* 

Why do we observe overbidding in first 
price private value auctions? This paper aims 
to answer this question, which has been exten- 
sively studied in the literature, from a nonstan- 
dard point of view, namely, anticipated regret. 

William Vickrey (1961) derived risk neutral 
Nash equilibrium (RNNE) bidding behavior 
in private value first price sealed bid auctions. 
However, bidding higher than the RNNE (over- 
bidding) in first price private value auctions is 
one of the consistent findings of the experimen- 
tal literature (see the seminal papers of James 
C. Cox, Bruce Roberson, and Vernon L. Smith 
1982 and Cox, Smith, and James M. Walker 
1988; and the detailed survey of John H. Kagel 
1995). 

The underlying motive of this paper is that, 
in a game with incomplete information, what 
seems the best action ex ante may not turn out 
to be the best one ex post (after the information 
is revealed). This discrepancy may cause regret, 
and the decision maker reflects this regret con- 
cern in her decision if she can anticipate regret 
(see Graham Loomes and Robert Sugden 1982; 
and David E. Bell 1982).' 

Auctions are a good way to observe such dis- 
crepancies. For example, consider a first price 
private value auction in which a bidder values 

an object at $1,000 and bids $900. At the end of 
the auction, she learns that she lost because the 
highest bid was $901. Bidding $900 is not the 
best bid ex post because she could have won the 
object in a profitable way by bidding $902. In 
this situation, the fact that the ex ante best bid 
is no longer the best bid ex post will make her 
regret her ex ante decision. Since this regret may 
be felt only by the losing bidders, we will call it 
"loser regret." 

The scenario above is not the only way that 
regret can be felt in an auction. Consider the sce- 
nario again, but this time after she bids $900, the 
bidder learns not only that she is the highest bid- 
der, but also that the second highest bid is $50. 
Again, bidding $900 is not the best bid ex post, 
e.g., she would still win with a bid of $51 but pay 
less. Since this regret may be experienced only 
by the winner, we will call it "winner regret." 

In this paper we argue that if the bidders 
know they are going to receive some feedback, 
they may anticipate regret. Intuitively, if the 
bidders anticipate that they are going to feel 
winner regret, they will shade their bids. In con- 
trast, if their anticipation is loser regret, they 
will overbid. First we theoretically show that 
these behaviors are observed in the equilibrium 
for risk neutral bidders with regret concerns. 
However, this theory is built on the assumption 
that bidders do anticipate regret. In this direc- 
tion, we conduct experiments to answer whether 
they anticipate regret and, if so, whether they 
reflect it in their bids. 

The relevance of feedback regarding the bids 
of the others in first price sealed bid auctions was 
initially studied by R. Mark Isaac and Walker 
(1985). They observed higher bids in the group 
that was informed about only the highest bid. 
Similarly, Axel Ockenfels and Reinhard Selten 
(2005) investigated the effect of feedback on 
bidding behavior in repeated first price auctions 
(see also Martin Dufwenberg and Uri Gneezy 
2002). Further, they found that bids in the group 
that was informed about all the submitted bids 
were lower than those in the other group, which 
was informed only of the winning bid in every 

* Filiz-Ozbay: Department of Economics, Columbia 
University, 1022 IAB, 420 W. 118th Street New York, NY 
10027 (e-mail: ef201 l@columbia.edu); Ozbay: Department 
of Economics, New York University, 19 West 4th Street 
New York, NY 10012 (e-mail: eyo200@nyu.edu). We are 
grateful to Atila Abdulkadiroglu, Kyle Bagwell, Prajit 
Dutta, Guillaume Frechette, Kyle Hyndman, Yusufcan 
Masatlioglu, Ariel Rubinstein, Bernard Salanie, and 
Andrew Schotter, as well as two anonymous referees, 
for many useful suggestions. We would like to thank the 
participants at the Murat Sertel Memorial Conference on 
Economic Theory 2004, SED 2004, ESA International 
Meetings 2005, and Amsterdam-New York Conference 
on Experimental Economics 2005. Our research has been 
supported by the Center for Experimental Social Science 
at NYU. 

1 In a single-person decision-making problem, regret is 
capable of explaining some paradoxes, such as the Allais 
paradox and preference reversal phenomenon (see Bell 
1982 for a detailed analysis). 
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period except the first one. They argued that the 
concept of weighted impulse balance equilib- 
rium is capable of explaining the results, except 
behavior in the first period. In the concluding 
section of our paper, we will discuss that our 
model is capable of explaining their first period 
results as well. 

Additionally, in the experiment of Cox, Smith, 
and Walker (1988), where overbidding was 
observed, participants learned only the bid of 
the winner, so bidders in their experiment may 
experience loser regret. Although their study did 
not give a regret based explanation either, our 
regret intuition is capable of explaining their 
findings. 

A series of lab experiments has shown that, 
indeed, anticipated regret can affect the behav- 
ior of decision makers (see, e.g., Ilana Ritov 
1996; and, for a detailed review, see Marcel 
Zeelenberg 1999). Regret in auction settings was 
introduced by Richard Engelbrecht-Wiggans 
(1989). Here, we will first redefine anticipated 
regret more clearly by distinguishing two types 
of regret. Additionally, we will consider a more 
general functional form of regret, and we will 
characterize the symmetric equilibrium bidding 
strategy. 

The most common explanation for the over- 
bidding phenomenon in first price auctions is 
risk aversion (see Cox, Smith, and Walker 1988). 
However, there is no consensus on this expla- 
nation (see, e.g., Kagel and Dan Levin 1993 for 
overbidding in third-price auctions with respect 
to the RNNE, which goes against the impli- 
cations of risk aversion in such a setting; see 
also Glenn W. Harrison 1989).2 The reason for 
the wide acceptance of risk aversion, despite 
its problems, seems to be that other proposed 
explanations, such as the joy of winning, are not 
powerful enough to explain the experimental 
findings as compared to the risk aversion expla- 
nation (see, e.g., Jacob K. Goeree, Charles A. 
Holt, and Thomas R. Palfrey 2002). Recently, 
Vincent P. Crawford and Nagore Iriberri (2006) 
provided a theoretical analysis of overbidding 
in general first price auctions by using a level-k 

thinking model, but the implication of this the- 
ory coincides with RNNE for independent-pri- 
vate-value first price auctions with the uniform 
value distributions. 

In Section I, we characterize the symmetric 
equilibrium bidding strategy under loser and 
winner regret in first price sealed bid auctions. 
In Section II, we conduct an experiment to check 
if bidders change their strategies in a first price 
auction depending on the information that can 
potentially make them anticipate regret. Unlike 
the standard lab auction experiments, ours is 
a one-shot design because we want to avoid 
any learning or experience-dependent regret 
explanations. In this way, we will also check if 
overbidding is observed in a one-shot first price 
auction experiment. In Section III, we argue 
that our model is capable of explaining the find- 
ings of our experimental results. In Section IV, 
in order to check how introducing regret per- 
turbs the revenue equivalence theorem, we con- 
sider other well-known auctions, namely second 
price, English, and Dutch auctions. Section V 
concludes. The proofs of all formal conclusions 
are available in Web Appendix A (http://www. 
e-aer.org/data/sept07/2005095 1_app.zip). 

I. Model 

There is a single object for sale, and there 
are N potential bidders, indexed by i = 1,..., N. 
Bidder i assigns a private value of vi to the object. 
Each vi is independently and identically drawn 
from [v, v] according to an increasing distribu- 
tion function F, and f is the density function 
corresponding to F. Without loss of generality, 
assume that the reservation price of the seller 
is zero. 

Suppose the seller sells the object by a first 
price sealed bid auction (FP), i.e., the partici- 
pants submit their bids in sealed envelopes and 
the highest bidder gets the object at the price she 
offered by her bid. Assume that any tie is broken 
by assigning the object to one of the highest bid- 
ders, randomly. 

A. Loser Regret in a First Price 
Sealed Bid Auction 

Suppose, at the end of FP, the bidders learn 
not only their winning/losing position but also, 

2 Cox, Smith, and Walker (1992) and Daniel Friedman 
(1992) highlighted the theoretical problems in Harrison's 
critique (for additional shortcomings of Harrison's critique, 
see also Kagel and Alvin E. Roth 1992; and Antonio Merlo 
and Andrew Schotter 1992). 
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if they lose, they learn the winning bid. The util- 
ity of a losing bidder depends on the regret she 
feels. If the winning bid is less than the valu- 
ation of a losing bidder, then the ex post best 
action for this bidder is bidding a little more 
than the winning bid. Therefore, loser regret is 
defined as a function of the difference between 
her valuation and the winning bid if the winning 
bid is affordable. 

Formally, consider FP with the following 
change in the form of utility: 

ui (i, bilb) 
= vi - bi if i wins 

- 
g(vi 

- b") if i loses 

where b" is the highest bid (the bid of the 
winner), and g(-) : R --+ R is the loser regret 
function which is assumed to be nonnegative, 
nondecreasing, and differentiable. The bigger 
the difference between her value and the win- 
ning bid, the more a bidder may feel loser regret. 
Moreover, assume g(x) = 0 for all x 5 0 because 
if a bidder loses and learns the winning bid is 
not affordable to her, i.e., vi < b", then there is 
no reason for loser regret. In other words, even 
if she has bid more than the winning bid, she 
would not have made positive profit because that 
bid would have been more than her valuation. 

Intuitively, since in our model the bidders 
who did not get the object may reevaluate 
their bids by considering the winning bid, and 
some of them may regret their too low bids, by 
anticipating the regret possibility, they may end 
up bidding more than the traditional case, i.e., 
overbidding may be observed if the bidders are 
motivated by loser regret. 

THEOREM 1: In afirst price sealed bid auction 
with loser regret, the symmetric equilibrium 
bidding strategy (bFP'r(V) : [v V] -- [0, 00)) must 
satisfy the following condition: 

(1) Ex[XIX < v] = bFP'(v) 

- Ex[g(X - bFP'r(X)) X < X ], 

where X is the highest of N - 1 values. 

REMARK 1: The left-hand side of equation (1) 
is the symmetric equilibrium strategy in a first 

price auction in the standard theory. Hence, in 
FP with loser regret, the symmetric equilibrium 
strategy is higher than standard theory suggests, 
i.e., bFP'r(v) - bFP(v) for all v E [v, i'] since 

g(') is assumed to be nonnegative. 

REMARK 2: Loser regret concerns of bidders 
increase the seller's expected revenue in FP 
since the equilibrium bidding strategy will be 
higher, as explained in Remark 1. 

B. Winner Regret in First Price 
Sealed Bid Auctions 

Suppose at the end of the auction, bidders 
know not only their winning/losing position but 
also, if they win, the submitted second highest 
bid. Winner regret is a function of the differ- 
ence between actual payment (her bid) and the 
minimum amount that would preserve her win- 
ning position after she learned the other bids. 
Formally, the utility function of bidder i, with 
valuation vi and bid bi, in first price sealed bid 
auction takes the following form: 

vi - bi - h(bi - b2) if i wins 
ui (, bilb2 if iloses 0 if iloses 

where b2 is the second highest bid and h(-): 
R+ -- [,+ is the winner regret function. If a 
bidder wins the object with a tie, then ex post 
she may not feel any regret because by bidding 
any smaller amount she would lose, or by bid- 
ding any bigger amount she would pay more, 
so assume h(0) = 0. The bigger the discrepancy 
between the actual bid and the ex post best bid 
is, the more regret may be felt; therefore, assume 
h is a nondecreasing function. Finally, for tech- 
nical reasons, assume h is differentiable. 

Intuitively, in our model, since the winner's 
monetary payoff is shaded by regret, we should 
expect, in equilibrium, lower bids than those in 
the traditional risk neutral case. Knowing that 
some ex post regret may be experienced, individ- 
uals may be afraid of bidding too aggressively. 

THEOREM 2: In afirst price sealed bid auction 
with winner regret, the symmetric equilibrium 
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bidding strategy (bFPw(.) : 
[v 

v] 
-_ [0, 00)) must 

satisfy the following condition: 

(2) Ex[XIX < v] = bFPwr(v) 

+ Ex[h(bFPwr(v) - bFPr(X))IX < 
V], 

where X is the highest of N - 1 values. 

REMARK 3: The left-hand side of equation (2) 
is the symmetric equilibrium strategy (RNNE) 
in a first price auction in the traditional the- 
ory. Hence, in a first price sealed bid auction 
with winner regret, the symmetric equilibrium 
strategy is less than the RNNE, i.e., bFPr(v) V 

bFP(v) for all v E C [v, since h(.) is assumed to 
be nonnegative. 

REMARK 4: Winner regret concerns of bid- 
ders decrease the seller's expected revenue in 
FP since the equilibrium bidding strategy will 
be lower, as explained in Remark 3. 

II. A First Price Auction Experiment 

In Section I, we showed that winner regret 
and loser regret have different implications for 
the equilibrium bidding strategies. In FP, winner 
regret concern leads to underbidding, whereas 
loser regret concern leads to overbidding com- 
pared to the RNNE. Now, the natural question is 
whether the bidders anticipate any form of regret 
and reflect this concern in their bids. In order to 
answer this question, we conduct an FP experi- 
ment under different information structures, so 
that either form of regret might be anticipated. 
More precisely, we create three conditions that 
differ only in terms of information structures. In 
the no feedback condition, bidders will not learn 
anything about others' bids; in the winner regret 
condition, the winner will learn the second high- 
est bid but the losers will not learn anything; 
and in the loser regret condition, the losers will 
learn the winning bid, but the winner will not 
learn anything. It is important to note that we 
want to conduct an experiment to see whether 
individuals reflect their concern of regret in 
their bidding strategies, not to see what they feel 
after the auction. It is hypothesized that the bids 
in the loser regret condition will be higher than 
those in the no feedback condition, and the bids 

in the winner regret condition will be lower than 
those in the no feedback condition. 

Regret is a feeling one might experience after 
the action is taken and the uncertainty of the 
foregone actions is also resolved. Therefore, 
someone facing the same decision in a repeated 
fashion might reflect the regret of the previous 
round on the decision of the next round. Our 
theory relies, however, on the fact that bid- 
ders anticipate the future regret and they take 
this into account in their current decisions. To 
avoid this history-dependent regret explanation, 
unlike the standard lab auction experiments, we 
conduct a one-shot auction experiment. In order 
to have more than one data point from each sub- 
ject in a one-shot auction experiment, we pro- 
pose a variation of the strategy method, which 
we call the "bid on list method." In this method, 
each subject reports bids for several different 
valuations. The details of this method will be 
explained later. 

A. Method 

The experiments were run at the New York 
University Center for Experimental Social 
Science (CESS). All participants were under- 
graduate students at New York University. The 
experiment involved six sessions. In each ses- 
sion, one of the three conditions was adminis- 
tered. The numbers of participants in condition 
1, 2, and 3 were 28, 32, and 36, respectively. No 
subject participated in more than one session. 
Participants were seated in isolated booths.3 

In our auction experiment, we created groups 
of four bidders and gave each of them a list of ten 
possible valuations. Different lists were given 
to each of the four bidders, but the same lists 
were used for each group. Each number on each 
list was drawn uniformly and independently 
between 0 and 100, rounded to the nearest cent, 
and this was common knowledge for the par- 
ticipants.4 Additionally, the participants were 
informed that only one of those ten numbers in 

3 Web Appendix B gives instructions for the experiment, 
information structures, an example of a bidding list, and 
the survey. 

4 Drawing values independently and identically from a 
uniform distribution controls for "level-k" model explana- 
tion of any overbidding behavior (see Crawford and Iriberri 
2006). 
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their lists was their correct value, but they did 
not know which one. They needed to bid for 
every value they saw in the list as if it were the 
correct valuation of the object for them. The 
participants were told that after everyone sub- 
mitted their bids, one valuation would be ran- 
domly selected5 and this would determine the 
relevant value and bid for each of them. The bid- 
der who had submitted the highest bid for the 
selected row of the list won the fictitious good at 
the price of her bid, and she was paid in experi- 
mental dollars the difference between her valu- 
ation and her bid.6 

Each group of four bidders was assigned to 
one of the three different conditions. Their con- 
dition was indicated on a separate page in the 
instructions in order to make sure they read this 
part of the instructions. The conditions were as 
follows: 

Condition 1 (No feedback): Participants were 
told before they bid that, at the end of the auc- 
tion, they were going to learn if they won or not, 
and no additional information would be given. 

Condition 2 (Winner regret): Participants were 
told before they bid that, at the end of the auc- 
tion, they were going to learn if they won or not, 
and if they won, they would also learn the sec- 
ond highest bid that had been submitted. 

Condition 3 (Loser regret): Participants were 
told before they bid that, at the end of the auc- 
tion, they were going to learn if they won or not, 
and if they did not win, they would also learn 
the highest bid that had been submitted. 

After each participant had submitted their 
lists of bids, and before determining their true 
valuations, a survey adopted from Zeelenberg 
and Rik Pieters (2004) was administered. In this 
survey, we listed a set of emotions and asked 
the subjects to rate the intensity of emotions 
that they felt after they received the relevant 
information. The ratings were between 1 and 9, 
where 1 indicated "not at all" and 9 indicated 

TABLE 1-LINEAR ESTIMATIONS OF BIDDING STRATEGIES 

UNDER EACH CONDITION 

Winner regret Loser regret No regret 

Slope 0.77 0.87 0.79 
(0.011) (0.01) (0.007) 

Lower 95 percent 0.745 0.852 0.775 
Upper 95 percent 0.792 0.893 0.805 

"very much." The survey did not include any 
other questions. 

B. Results 

For each condition, the averages of the bids 
corresponding to the same valuations were cal- 
culated. Figure 1 plots the average bids for the 
corresponding valuations for no feedback, win- 
ner regret, and loser regret. The linear estimation 
of plotted points of each condition is drawn in 
the same figure. The slope of the linear estima- 
tion (passing through zero) of the average bids 
under loser regret is 0.87, which is significantly 
higher than that under winner regret, which is 
0.77 (see Table 1, columns 1 and 2), since the 
95 percent confidence intervals of each estimate 
do not overlap. Similarly, the slope of the linear 
estimation (passing through zero) of the average 
bids under no feedback is significantly lower 
than that under loser regret (see Table 1, col- 
umns 2 and 3), since the 95 percent confidence 
intervals of each estimate do not overlap. There 
is no significant difference, however, between 
the no feedback and winner regret conditions 
(see Table 1, columns 1 and 3).7 

Additionally, the averages of the emotions 
under each condition are summarized in Table 2. 
A t-test on the survey data suggests that the aver- 
age intensity of regret under loser regret is sig- 
nificantly higher than that under winner regret 
(t = 6.2548, p < 0.01). 

In order to tell more about individual bidding 
behavior, we define a typical variable for each 
individual to measure how she shades her value 

5A subject in the laboratory was asked to pick a card, 
without looking, from a deck of cards numbered 1 to 10. 
The number on the selected card determined which valua- 
tions, and the corresponding bids in the submitted lists were 
going to be considered as the true valuations and actual bids 
of the subjects. For example if the randomly selected card 
said 4 on it, then the fourth line in the lists became the true 
valuation of each participant. 

6The conversion rate was 1USD= 2 Experimental 
Dollars. 

7 The results are robust when the estimations are done 
without calculating average bids for each value. When the 
individual bids are regressed onto the underlying valu- 
ations, we estimated the coefficients as 0.77 (winner's 
regret), 0.88 (loser's regret), and 0.79 (no feedback). Figures 
demonstrating the individual bids for each treatment are 
available online. 
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FIGURE 1. THE AVERAGE BIDS FOR THE CORRESPONDING VALUATIONS FOR No FEEDBACK, 
WINNER REGRET, AND LOSER REGRET CONDITIONS 

while bidding. To generate this variable for a 
given subject, first we calculated the bid/value 
ratios for the subject's bid-value pair and then 
take the average of these ratios. We call this vari- 
able the individual bid/value coefficient. Figure 2 
demonstrates the cumulative distribution func- 
tions (cdfs) of individual bid/value coefficients 
under winner and loser regret conditions. First 
observe that there is a first-order stochastic dom- 
ination between the cdfs. This domination indi- 
cates that the individual- level data still have the 
property that under the loser regret treatment the 
bid/value coefficients are higher than the winner 
regret coefficients. Observe from Figure 2 that 
in the winner regret condition, 31 percent of the 
subjects have bid/value coefficients below 0.7. In 
the loser regret condition, however, this percent- 
age is 5. This means that the loser regret condi- 
tion made most of the subjects bid aggressively. 
Additionally, these coefficients are dense around 
the estimated slope of the bidding function 
(0.87) for the loser regret condition (80 percent 
of the subjects have coefficients between 0.75 
and 0.95). On the other hand, the winner regret 
condition did not affect the bids of the subjects 
in a clear way. The bid/value coefficients in this 
group vary quite a bit. 

III. Combining Experimental 
Results with Theory 

In this section, we will try to explain these 
experimental results using our theory. To do 
this, we need to determine the RNNE for FP in 
the traditional theory and use it as a benchmark 
to detect overbidding/underbidding behavior if 
there is any. The RNNE of a bidder with valua- 
tion v is the expected second highest valuation, 
given that v is the highest, i.e., b*(v) = E[XI 
X < v]. In our setting with four bidders whose 
valuations are drawn from [0,100] uniformly, 
this equilibrium bidding strategy corresponds to 
b*(v) = 0.75v. 

In the loser regret condition, the estimated 
bidding strategy is bFPir = 0.87v, which is sig- 
nificantly above the RNNE bidding strategy. 
This is in line with our theoretical predictions 
(see Remark 1). In the winner regret condi- 
tion, however, the estimated bidding strategy is 
b FPwr -= 0.77v, which is not significantly differ- 
ent from what the RNNE suggests. Our theory 
predicts that underbidding needs to be observed 
in this condition. 

The experimental results suggest that bidders 
anticipate loser regret. Moreover, they reflect 
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TABLE 2-AVERAGES AND STANDARD DEVIATIONS OF THE 

INTENSITIES OF EMOTIONS UNDER EACH CONDITION 

Anger Elation Envy Happiness Irritation Regret Relief Sadness 

Loser regret Avg 3.42 2.08 4.61 1.81 4.56 6.19 1.89 2.86 
SD (1.933) (1.888) (2.060) (1.582) (2.076) (2.340) (1.326) (1.854) 

Winner regret Avg 1.72 4.94 1.66 6.19 2.31 2.69 4.75 1.38 
SD (1.250) (2.526) (1.405) (2.334) (1.925) (2.055) (2.356) (0.871) 

No regret (win) Avg 1.25 5.64 1.25 7.14 1.57 1.39 5.39 1.07 
SD (0.701) (2.468) (0.928) (1.820) (1.399) (0.994) (2.347) (0.262) 

No regret (lose) Avg 2.86 1.21 4.0 1.32 3.0 3.89 1.54 2.71 
SD (2.206) (0.499) (1.905) (0.772) (2.000) (2.558) (1.644) (2.016) 

this anticipated loser regret in their bids, and 
hence overbidding in first price auctions can 
be explained by the loser regret concern of bid- 
ders. Bidders do not, however, anticipate winner 
regret, and they do not reflect this concern in 
their bids. 

At this point it is important to look at the 
survey findings because Bell (1982) argues that 
regret has to be anticipated by a decision maker 
in order to be reflected in her decision. Table 
2 indicates that the average intensity of antici- 
pated regret under the winner regret condition is 
2.69, while it is 6.19 under the loser regret con- 
dition. Therefore, the bidders anticipated winner 
regret significantly less than loser regret. Hence, 
the absence of anticipation of winner regret, i.e., 

h(.) 
= 0;, may be the reason for not observing 

underbidding. 
In the theoretical analysis, we found the 

equilibrium bidding strategy for a general loser 
regret function, g. Now, assume a linear form 
to estimate the slope by using the experimental 
data: 

(3) g(x fax ifx 
- 

0 

(3) g(x) = otherwise' 

where a > 0. 
Applying Theorem 1 to N = 4 with valua- 

tions distributed uniformly on [0,100], we get 
the symmetric equilibrium strategy 

3 + 3a 
(4) bFP = . 4 + 3a 

4 + 3a 

We can estimate a from the data on bids and 
values; a can be thought of as a measure of loser 

regret. When a = 0 this bidding function is 
equal to the RNNE bidding function. Moreover, 
as a increases, this bidding function becomes 
steeper. In other words, the more loser regret 
concerned the bidder is, the higher she bids. 
As a approaches oo, i.e., the bidder is very con- 
cerned about loser regret, the optimal bidding 
strategy is to bid one's value. 

Our experimental results suggest that in the 
loser regret condition, the estimated bidding 
strategy is 

bFPr 

= 0.87v. By solving [(3 + 3a)/ 
(4 + 3a)]v = 0.87v, the corresponding 

^ = 1.23 
> 0. The sign of 

^ 
matches with our intuition 

that decision makers act as if they have loser 
regret concerns, i.e., 

g(.) 
in the model is a non- 

negative function. 
Estimating the loser regret coefficient 

^ 
> 1 

suggests that marginal effect of disutility from 
regret is higher in absolute value than mar- 
ginal effect of monetary utility. Although it is 
a surprising finding, our estimate of the loser 
regret coefficient is in line with other stud- 
ies on reference-dependent utility models (see 
Amos Tversky and Daniel Kahneman 1991; 
Kahneman, Jack L. Knetsch, and Richard H. 
Thaler 1990; and Shlomo Benartzi and Thaler 
1995). In a theory that puts greater weight on an 
emotion than on monetary payoff in the utility, 
a money pumping argument can be developed 
in order to avoid the negative effect of that emo- 
tion. Perhaps with experience loser regret coef- 
ficient drops below 1, but as long as it is positive, 
overbidding will be observed.8 It may be a fruit- 
ful exercise to look at how the loser regret coef- 
ficient evolves by experience. 

8 We are thankful to the coeditor and one of the referees 
for pointing this out. 
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I, 
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0.6 

0.4: 
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- Winner regret 
- Loser regret 

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 

BidNalue Coefficient 

FIGURE 2. CDFs OF INDIVIDUAL BID/VALUE COEFFICIENTS 

Some further analysis can be carried out in 
order to relate the survey data to individual 
bidding behavior. For the subjects in the loser 
regret treatment, the correlation between the 
intensity of regret they marked in the survey 
and their average individual bid/value coeffi- 
cients is 0.26 (with t = 1.559, p < 0.1). Since 
one may think that the measure of intensity of 
an emotion can be a subjective issue, we created 
a dummy variable which is 1 for individuals 
who marked their regret level above the group 
average and 0 otherwise. This new variable is 
also found to be positively correlated with the 
individual bid/value coefficients. We found the 
correlation between these two to be 0.33 (with 
t = 2.061, p < 0.05). Finally, we looked at the 
correlation between subjects who marked their 
regret level above average and the subjects 
whose bidding coefficient is higher than the 
estimated loser regret bidding coefficient of the 
pooled data, and we found that the correlation 
is 0.43 (with t = 9.084, p < 0.01). This analy- 
sis shows that the subjects, who stated that, in 
case they lost the object at an affordable price 
they would feel regret, bid significantly higher 
when it is actually time to bid. Additionally, for 
each individual in the loser regret condition the 
bids are regressed 

.onto 
the underlying valua- 

tions. Based on individual bid coefficients, the 

loser regret coefficients (a) for each subject are 
calculated according to the formula in equa- 
tion (4). We found that the correlation between 
individual loser regret coefficients and their 
reported regret is 0.33 (with t = 2.058, p < 0 
.05). All these positive correlations may sug- 
gest that as the regret anticipation increases, the 
regret function becomes steeper and hence bids 
become more aggressive. 

The no feedback condition is designed as a 
control group. In this condition, we found that 
the estimated slope of the bidding function is 
0.79, significantly higher than what the RNNE 
suggests (0.75). Perhaps a bidder in the no feed- 
back condition feels loser regret in expectation 
because she can calculate the winning bid in 
expectation given that she lost. However, since 
the subjects do not anticipate winner regret, it 
may not be plausible to assume that they will 
anticipate it in expectation when they are not 
informed about the second highest bid. Since we 
found that the subjects are capable of anticipating 
loser regret, they may also be capable of antici- 
pating loser regret in expectation, and therefore 
still bid higher under the no feedback condition. 
It is worthwhile to note that the subjects in the 
no feedback condition reported in the survey 
that that they would feel more regret when they 
lose (3.89) than when they win (1.39). 
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IV. Further Discussion 

Vickrey (1961) showed the revenue equiva- 
lence among four well-known auctions: first 
price, second price sealed bid, English, and 
Dutch. Now we analyze if the anticipation of 
regret affects the bidding strategies in other 
types of auctions, and how regret alters the rev- 
enue equivalence result. 

A. Winner Regret in Other Auctions 

Suppose the seller sells the object by a second 
price sealed bid auction (SP), i.e., the partici- 
pants submit their bids in sealed envelopes and 
the highest bidder gets the object at the price of 
the second highest bid. Theoretically, unlike the 
first price, in the second price sealed bid auc- 
tion, the winner will not regret her bid. In this 
type of auction, by changing their bids, the bid- 
ders can affect only their winning/losing posi- 
tions. So, winner regret will not change the form 
of utility. 

The English auction is an ascending price auc- 
tion in which bidders increase the current price, 
and the last remaining bidder receives the object 
at the amount at which no further price increases 
are made. Similar to SP, in an English auction, 
introducing winner regret into the model does 
not affect the form of utility. Obviously, in the 
ascending auction the winner already pays the 
smallest possible amount, which makes her the 
winner. 

The Dutch auction is a descending price auc- 
tion in which a public price clock starts out at 
a high level and falls until the first participant 
accepts to pay the price. In a Dutch auction, 
it is not possible to define the effect of regret 
because in the descending auction the winner 
never learns whether she would have won if 
she waited a bit more. Here, we do not want to 
diverge from the regret theory in which infor- 
mation regarding the foregone alternative has to 
be realized in order to consider regret (see Bell 
1982). It is possible, however, to consider regret 
in expectation, which would lead to similar 
analysis in the FP (recall the discussion at the 
end of Section III). 

REMARK 5: Since winner regret does not enter 
the utility in second price, English, or Dutch 
auctions, the optimal bidding strategy will be 

the same as in the traditional case. Hence, the 
expected revenue of the seller will be the same 
whether the bidders have winner regret or not. 
However, due to Remark 4, the expected rev- 
enue decreases in FP if the bidders have win- 
ner regret concerns. By combining with Vickrey 
(1961), the expected revenue in FP is the lowest 
among these four auctions, and it is the same in 
second price, English, and Dutch auctions. 

B. Loser Regret in Other Auctions 

Unlike the winner regret, bidders may feel 
loser regret in SP because, for example, a bid- 
der might bid less than her valuation and might 
learn that the winning bid is lower than her 
bid. This does not happen in the equilibrium, 
however, because truth-telling is the dominant 
strategy for the SP with loser regret, as in the 
traditional theory. 

THEOREM 3: In a second price sealed bid 
auction with loser regret, the symmetric equi- 
librium bidding strategy is bSP'r(v) = v for all 
vE 

[_v,]. 
Unlike the analysis under winner regret, this 

time loser regret may be felt in a Dutch auc- 
tion because information on the winning bid is 
known. The way bidders anticipate loser regret 
is exactly the same as that in FP. Therefore, the 
same analysis done for FP applies here, and 
implies the same equilibrium strategy. 

Similar to SP, in the English auction, loser 
regret is not felt in equilibrium, since bidders 
will bid their true values, so the winning bid 
will not be affordable for the ones who lost the 
auction in the equilibrium. 

REMARK 6: Loser regret is not felt in the sec- 
ond price and English auctions in equilibrium, 
and hence the expected revenue remains the 
same as in the traditional case. The loser regret 
can, however, be felt and increases the optimal 
bid in comparison to the RNNE in first price 
and Dutch auctions, and hence it increases the 
expected revenue of the seller. To sum up, if the 
bidders have loser regret concerns, the expected 
revenue of the seller is higher in first price 
and Dutch than in second price and English 
auctions. 
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C. Combining Theory with 
Experiments in Other Auctions 

The experimental literature suggests that bids 
in English auctions are not different from the 
RNNE (see, e.g., Kagel, Ronald M. Harstad, and 
Levin 1987; and Vicki M. Coppinger, Smith, 
and Jon A. Titus 1980). This is in line with what 
regret would imply theoretically. 

However, in the second price sealed bid auc- 
tion, Kagel et al. (1987) findings differ from 
those of Coppinger et al. (1980). The former did 
not force the subjects not to bid above their valu- 
ations, and overbidding is observed in the second 
price auction. This is not observed in Coppinger 
et al., since they had a price ceiling. Regret does 
not imply overbidding in the second price auc- 
tions, since overbidding is a dominated strategy. 
Therefore regret is capable of explaining the 
Coppinger et al., but not Kagel et al., findings. 

In early Dutch auction studies, it has been 
found that bids are lower than those in first 
price auctions. Recently, however, Anthony M. 
Kwasnica and Elena Katok (2005) observed that 
waiting time in a Dutch auction matters. More 
precisely, as waiting time increases, the bids in 
Dutch auctions become as high as those in first 
price auctions. Our theoretical discussion in the 
Dutch auction suggests that since the bidders are 
going to learn the winning bid, they may feel 
the loser regret, and if they can anticipate it, 
they will bid as high as in the first price auction. 
Perhaps the waiting time has an effect on antici- 
pation of loser regret in Kwasnica and Katok's 
experiment. In other words, as the bidders wait 
longer for the clock, they will have more time 
to anticipate loser regret. If, however, there is 
not enough time, they may not anticipate loser 
regret and may bid less in comparison to the first 
price auction. 

V. Conclusion 

In this paper, we argue that overbidding in 
first price auctions is derived from the anticipa- 
tion of loser regret. Experimental results suggest 
that bidders can, indeed, anticipate loser regret. 
On the other hand, in the experiment, the bid- 
ders did not anticipate winner regret and hence 
did not reflect these feelings in their bids. 

These results are indeed capable of explain- 
ing some other feedback experiments in the 

literature. For example, Ockenfels and Selten 
(2005) found that giving feedback on losing bids 
leads to lower bids, compared to no feedback on 
losing bids in every period of their repeated first 
price auction experiment. In the first period, 
however, the bids under different treatments 
did not differ but were above the RNNE. They 
showed that the impulse balance equilibrium 
theory can explain the later period results, but 
the first period result remains unexplained. If 
we interpret their treatments in terms of regret, 
loser regret is always in play since in their dif- 
ferent treatments Ockenfels and Selten always 
tell the winning bid. However, winner regret is 
not always in play. Hence, (a) since loser regret is 
active in both treatments, our theory will predict 
overbidding under both treatments; and (b) since 
treatments differ only in stimulating winner 
regret and our experiment suggests that winner 
regret is not anticipated, we would predict not to 
see differences in bids under two treatments in 
the first period data of their experiment. Indeed, 
this is what they observe in the first period of 
their experiment, so our theory is capable of 
explaining the unexplained part of their data. 
Due to the one-shot nature of our experiment, 
we attempt to explain their first-period data. For 
the later periods they found that the bids in the 
feedback group (winner + loser regret) became 
lower than those in the no feedback group (loser 
regret). This suggests that perhaps in repeated 
setups, the bidders may learn winner regret, 
although they cannot anticipate it before expe- 
riencing it. 

Timothy N. Cason and Friedman (1997, 1999) 
were interested in the bids/asks in the call mar- 
ket. They defined two types of ex post errors: 
(a) from missing out on a profitable transac- 
tion opportunity (error type m); and (b) from 
adversely affecting the price of a realized trans- 
action (error type p). They found that the sub- 
jects reacted to the error type m more strongly 
than to the error type p. They posit their finding 
as a puzzle. The analysis of Cason and Friedman 
did not involve regret at all, but error types m 
and p can be interpreted, in our terminology, as 
loser and winner regret, respectively. Under this 
interpretation, their findings are in line with our 
results. 

From a different point of view, regret might 
be related to externalities. Auctions with exter- 
nalities have been discussed extensively in the 
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literature. For example, John Morgan, Ken 
Steigletz, and George Reis (2003) considered 
externality a spiteful motive. The utility of the 
winner affects the utility of the losing bidders as 
a negative externality. Alternatively, identity of 
the bidders may create an externality; in other 
words, who won the object may affect utility 
of the other bidders (see, e.g., Philippe Jehiel, 
Benny Moldovanu, and Ennio Stachetti 1996, 
1999; and Jehiel and Moldovanu 2000). 

The major distinction between regret and 
externality literatures is that regret is an exter- 
nality created by the bidder herself, rather than 
a spiteful motive. In our setting, the bidder is 
not dissatisfied by the identity of the winner or 
the winner's payoff, but rather she is dissatis- 
fied by losing the object at an affordable price. 
Nonetheless, our survey results suggest that 
envy is also significantly anticipated when the 
bidders thought that they were going to lose. 

REFERENCES 

Bell, David E. 1982. "Regret in Decision Making 
under Uncertainty." Operations Research, 
30(5): 961-81. 

Benartzi, Shlomo, and Richard H. Thaler. 1995. 
"Myopic Loss Aversion and the Equity 
Premium Puzzle." Quarterly Journal of 
Economics, 110(1): 73-92. 

Cason, Timothy N., and Daniel Friedman. 1997. 
"Price Formation in Single Call Markets." 
Econometrica, 65(2): 311-45. 

Cason, Timothy N., and Daniel Friedman. 1999. 
"Learning in a Laboratory Market with 
Random Supply and Demand." Experimental 
Econometrics, 2(1): 77-98. 

Coppinger, Vicki M., Vernon L. Smith, and Jon 
A. Titus. 1980. "Incentives and Behavior in 
English, Dutch and Sealed-Bid Auctions." 
Economic Inquiry, 18(1): 1-22. 

Cox, James C., Bruce Roberson, and Vernon 
L. Smith. 1982. "Theory and Behavior of 
Single Object Auctions." In Research in 
Experimental Economics Vol. 2, ed. Vernon 
L. Smith, 1-43. Greenwich, CT: JAI Press. 

Cox, James C., Vernon L. Smith, and James 
M. Walker. 1988. "Theory and Individual 
Behavior of First-Price Auctions." Journal of 
Risk and Uncertainty, 1(1): 61-99. 

Cox, James C., Vernon L. Smith, and James M. 
Walker. 1992. "Theory and Misbehavior of 

First-Price Auctions: Comment." American 
Economic Review, 82(5): 1392-1412. 

Crawford, Vincent P., and Nagore Iriberri. 2006. 
"Level-K Auctions: Can a Non-Equilibrium 
Model of Strategic Thinking Explain the 
Winner's Curse and Overbidding in Private- 
Value Auctions?" http://weber.ucsd.edu/vcrawfor. 

Dufwenberg, Martin, and Uri Gneezy. 2002. 
"Information Disclosure in Auctions: An 
Experiment." Journal of Economic Behavior 
& Organization, 48(4): 431-44. 

Engelbrecht-Wiggans, Richard. 1989. "The Effect 
of Regret on Optimal Bidding in Auctions." 
Management Science, 35(6): 685-92. 

Friedman, Daniel. 1992. "Theory and Mis- 
behavior of First-Price Auctions: Comment." 
American Economic Review, 82(5): 1374-78. 

Goeree, Jacob K., Charles A. Holt, and Thomas 
R. Palfrey. 2002. "Quantal Response Equili- 
brium and Overbidding in Private Value 
Auctions." Journal of Economic Theory, 
104(1): 247-72. 

Harrison, Glenn W. 1989. "Theory and Mis- 
behavior of First-Price Auctions." American 
Economic Review, 79(4): 749-62. 

Isaac, R. Mark, and James M. Walker. 1985. 
"Information and Conspiracy in Sealed Bid 
Auctions." Journal of Economic Behavior 
and Organization, 6(2): 139-59. 

Jehiel, Philippe, and Benny Moldovanu. 2000. 
"Efficient Design with Interdependent Valu- 
ations." Econometrica, 69(5): 1237-60. 

Jehiel, Philippe, Benny Moldovanu, and Ennio 
Stacchetti. 1996. "How (Not) to Sell Nuclear 
Weapons." American Economic Review, 
86(4): 814-29. 

Jehiel, Philippe, Benny Moldovanu, and Ennio 
Stacchetti. 1999. "Multidimensional Mech- 
anism Design for Auctions with Externalities." 
Journal of Economic Theory, 85(2): 258-93. 

Kagel, John H. 1995. "Auctions: A Survey of 
Experimental Research." In The Handbook 
of Experimental Economics, ed. John H. 
Kagel and Alvin E. Roth, 501-85. Princeton: 
Princeton University Press. 

Kagel, John H., Ronald M. Harstad, and Dan 
Levin. 1987. "Information Impact and Allo- 
cation Rules in Auctions with Affiliated 
Private Values: A Laboratory Study." Econo- 
metrica, 55(6): 1275-1304. 

Kagel, John H., and Dan Levin. 1993. 
"Independent Private Value Auctions: Bidder 



1418 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2007 

Behavior in First-, Second- and Third-Price 
Auctions with Varying Number of Bidders." 
Economic Journal, 103(419): 868-79. 

Kagel, John H., and Alvin E. Roth. 1992. "Theory 
and Misbehavior in First-Price Auctions: Com- 
ment." American Economic Review, 82(5): 
1379-91. 

Kahneman, Daniel, Jack L. Knetsch, and Richard 
H. Thaler. 1990. "Experimental Tests of the 
Endowment Effect and the Coase Theorem." 
Journal of Political Economics, 98(6): 
1325-48. 

Kwasnica, Anthony M., and Elena Katok. 2005. 
"The Effect of Timing on Bid Increments in 
Ascending Auctions." http://lema.smeal.psu. 
edu/kwasnica/Research.html. 

Loomes, Graham, and Robert Sugden. 1982. 
"Regret Theory: An Alternative Theory of 
Rational Choice under Uncertainty." Eco- 
nomic Journal, 92(368): 805-24. 

Merlo, Antonio, and Andrew Schotter. 1992. 
"Theory and Misbehavior of First-Price Auc- 
tions: Comment." American Economic Review, 
82(5): 1413-25. 

Morgan, John, Ken Steiglitz, and George Reis. 
2003. "The Spite Motive and Equilibrium 

Behavior in Auctions." Contributions to Eco- 
nomic Analysis & Policy 2(1), Article 5. 

Ockenfels, Axel, and Reinhard Selten. 2005. 
"Impulse Balance Equilibrium and Feedback 
in First Price Auctions." Games and Eco- 
nomic Behavior, 51(1): 155-70. 

Ritov, Ilana. 1996. "Probability of Regret: Antici- 
pation of Uncertainty Resolution in Choice." 
Organizational Behavior and Human Deci- 
sion Processes, 66(2): 228-36. 

Tversky, Amos, and Daniel Kahneman. 1991. 
"Loss Aversion in Riskless Choice: A 
Reference-Dependent Model." Quarterly 
Journal of Economics, 106(4): 1039-61. 

Vickrey, William. 1961. "Counterspeculation, 
Auctions, and Competitive Sealed Tenders." 
Journal of Finance, 16(1): 8-37. 

Zeelenberg, Marcel. 1999. "Anticipated Regret, 
Expected Feedback and Behavioral Decision- 
Making." Journal of Behavioral Decision 
Making, 12(2): 93-106. 

Zeelenberg, Marcel, and Rik Pieters. 2004. 
"Consequences of Regret Aversion in Real 
Life: The Case of the Dutch Postcode Lot- 
tery." Organizational Behavior and Human 
Decision Processes, 93(2): 155-68. 


	Article Contents
	p. 1407
	p. 1408
	p. 1409
	p. 1410
	p. 1411
	p. 1412
	p. 1413
	p. 1414
	p. 1415
	p. 1416
	p. 1417
	p. 1418

	Issue Table of Contents
	The American Economic Review, Vol. 97, No. 4 (Sep., 2007), pp. 1047-1528, i-xxvi
	Front Matter
	Richard A. Easterlin, Distinguished Fellow 2006
	Reference-Dependent Risk Attitudes [pp. 1047-1073]
	Mismatch [pp. 1074-1101]
	Subjective Expectations and Asset-Return Puzzles [pp. 1102-1130]
	On the Cyclicality of Research and Development [pp. 1131-1164]
	Inventories and the Business Cycle: An Equilibrium Analysis of (S, s) Policies [pp. 1165-1188]
	Markets in China and Europe on the Eve of the Industrial Revolution [pp. 1189-1216]
	Projection Bias in Catalog Orders [pp. 1217-1249]
	Do Markets Reduce Costs? Assessing the Impact of Regulatory Restructuring on US Electric Generation Efficiency [pp. 1250-1277]
	Selection Bias, Demographic Effects, and Ability Effects in Common Value Auction Experiments [pp. 1278-1304]
	Naked Exclusion, Efficient Breach, and Downstream Competition [pp. 1305-1320]
	Do Vertical Mergers Facilitate Upstream Collusion? [pp. 1321-1339]
	Individual Behavior and Group Membership [pp. 1340-1352]
	Political Bias and War [pp. 1353-1373]
	A Political-Economy Theory of Trade Agreements [pp. 1374-1406]
	Short Papers
	Auctions with Anticipated Regret: Theory and Experiment [pp. 1407-1418]
	Labor and the Market Value of the Firm [pp. 1419-1431]
	Contracting with Repeated Moral Hazard and Private Evaluations [pp. 1432-1448]
	Exchange Asymmetries Incorrectly Interpreted as Evidence of Endowment Effect Theory and Prospect Theory? [pp. 1449-1466]
	Surviving Andersonville: The Benefits of Social Networks in POW Camps [pp. 1467-1487]
	Individual Consumption Risk and the Welfare Cost of Business Cycles [pp. 1488-1506]
	Good-Bye Lenin (or Not?): The Effect of Communism on People's Preferences [pp. 1507-1528]

	Back Matter



