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Timing of transactions and their impact on markets
I We�ve discussed unraveling. And we noticed that transactions
take time, which contribute to congestion. Now we�re going
to look at auctions in which transactions happen late, partly
to take advantage of the fact that transactions take time.

I Equilibrium results in auctions gave us powerful results that
might not carry over to environments in which bidders might
not all make equilibrium bids. Examples:

I An experimental literature testing (and often rejecting) the
revenue equivalence implications of equilibrium behavior.

I Investigation of common value auctions, both in experimental
and �eld data, which sometimes �nds non-equilibrium winner�s
curse behavior.

I Today we revisit the theory that it is a dominant strategy to
bid your true value in a sealed bid, second price auction with
private values.

I It turns out that there are auctions that look like this theory
should apply, but which are designed so that it doesn�t, not
just behaviorally, but even when players are ideally rational.
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Overview
I An important issue in practical auction design concerns the
rules for ending the auction. The internet auctions run by
eBay and Amazon presented a natural comparison in the late
1990�s.

I Auctions on eBay have a �xed end time. Auctions on
Amazon, which operate under similar rules, do not have a
�xed end time, but continue past the scheduled end time until
ten minutes have passed without a bid.

I There is signi�cantly more late bidding on eBay than on
Amazon.

I More experienced bidders on eBay submit late bids more often
than do less experienced bidders, while the e¤ect of experience
on Amazon goes in the opposite direction.

I On eBay, there is more late bidding for antiques than for
computers.

I But there�s a limit to what we can conclude from �eld data,
because of all the uncontrolled di¤erences between who bids,
what is sold, etc.
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Basic rules: Amazon vs. eBay

I Second price auctions

I Bidders may submit their reservation price (also called a proxy
bid);

I The resulting bid registers as the minimum increment above
the previous high bid, and rises until it is reached, or until it
exceeds the minimum increment over the next highest
reservation price.

I The winning bidder is therefore the one who has submitted the
highest reservation price, and the price he pays is the minimum
increment over the second highest reservation price.

I Auctions typically run for several days.
I eBay auctions have a �xed deadline.
I Amazon auctions are automatically extended for an additional
10 minutes from the time of the latest bid.
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Late bidding in eBay auctions

I Many bidders submit multiple bids in the course of the
auction (i.e. they submit and later raise the reservation price
they authorize for proxy bidding on their behalf).

I A non-negligible fraction of bids are submitted in the closing
seconds of the auction (a practice called �sniping�).
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23 bids but only
14 bidders

last bid came in at
the last second
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Selling esnipe.com

I 8 bids by 6 bidders.
I No bids before the 10th and �nal day.
I The price rose by more than $10,000 in the last minute,
during which time 4 of the 8 bids were placed.
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The dangers of last-minute bidding
I eBay.com�s view (1999)
"eBay always recommends bidding the absolute maximum
that one is willing to pay for an item early in the auction...�

I A seller�s view (Axis Mundi, 1999)
"THE DANGERS OF LAST MINUTE BIDDING: Almost
without fail after an auction has closed we receive emails from
bidders who claim they were attempting to place a bid and
were unable to get into eBay. There is nothing we can do to
help bidders who were "locked out" while trying to place a
"last minute" bid. All we can do in this regard is to urge you
to place your bids early."

I AuctionWatch.com�s view (1999)
"There are inherent risks in sniping. If you wait too long to
bid, the auction could close before your bid is processed. If
your maximum doesn�t beat the current high bidder, you won�t
have a second chance to up the ante. And don�t overlook the
fact that you could be in the company of other snipers who
are ready to snipe your snipe. It happens all the time.�
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I In an isolated independent private value auction, it would be a
dominant strategy for bidders in a second-price sealed-bid
auction to submit their maximum willingness-to-pay.

I But these aren�t sealed bid auctions.

I If all bids on eBay were �sniped,� eBay would essentially be
converted into a sealed bid auction, one with some
uncertainty about whether bids would go through.

I eBay could always capture all of esnipe�s market by providing
that facility on eBay, perhaps without the last minute
uncertainty.)
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It is helpful to model eBay as a continuous time auction followed
by a last-minute sealed bid auction. Early bids are transmitted with
certainty, but there is time for other bids to respond. Late bids
come too late for other bidders to respond, but run the risk that
they will not be successfully transmitted themselves.
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A strategic model of the eBay environment

I n bidders.
I Minimum initial bid m and smallest increment s.
I The �current price�(or �high bid�) in an auction with at least
two bidders is in general equal to the minimum increment over
the second highest submitted bidders�reservation price. There
are two exceptions to this rule.

1. If more than one bidder submitted the highest reservation
price, the bidder who submitted her bid �rst is the high bidder
at a price equal to the reservation price.

2. Second, if the current high bidder submits a new, higher bid,
the current price is not raised, although the number of bids
increases.

I Each submitted reservation price must exceed both the current
high bid and the bidder�s last submitted reservation price.
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A strategic model of the eBay environment (cont.)
I A player can bid at times t 2 [0, 1) [ f1g.
I A player has time to react before the end of the auction to
another player�s bid at time t 0 < 1, but the reaction cannot
be instantaneous, it must be strictly after time t 0, at an
earliest time tn, such that t 0 < tn < 1.

I At t = 1, everyone knows the bid history prior to t, and has
time to make exactly one more bid, without knowing what
other last minute bids are being placed simultaneously.

I If two bids are submitted simultaneously at the same instant
t, then they are randomly ordered, and each has equal
probability of being received �rst.

I At time t = 1, the probability that a bid is successfully
transmitted is p < 1 (before that, p = 1).

(In an Amazon auction, in contrast, a successful bid at time t = 1
extends the auction, and other bidders can respond.)
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Private value eBay auctions

In a (pure) private value auction, each bidder j has a true
willingness to pay, vj , distributed according to some known,
bounded distribution F . A bidder who wins the auction at price h
earns vj � h, a bidder who does not win earns 0. At t = 0 each
player j knows her own vj .

Unlike the case of a sealed-bid second-price auction, a bidder in
this continuous-time second-price auction does not have any
dominant strategy, even in the case of pure private values.
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Theorem
A bidder in the continuous-time second-price private value auction
does not have any dominant strategies.

Proof.
WLOG consider the case of two bidders. It is su¢ cient to show
that bidder j with value vj > m+ s has no strategy that is a best
reply to every strategy of the other bidder, i .
Suppose i�s strategy is to bid the minimum bid m at t = 0 and
then not to bid further at any information set at which he remains
the high bidder, but to bid B (with B > vj + s) whenever he learns
that he is not the high bidder.
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j�s best reply is not to bid at any time t < 1 (which would provoke
a counterbid of B, and cause j to win at most zero), and to bid vj
at time t = 1 (at which time the other bidder does not bid, since
he does not learn that he is no longer the high bidder until the
game is over). The payo¤ to j from this strategy is
p � (vj �m� s) > 0, and it is easy to see that no other bid at time
t = 1 could yield j a larger payo¤. (Other bids at t = 1, while
weakly dominated, would yield the same payo¤ against i�s strategy,
and would also be best replies.)

Now suppose instead player i�s strategy is not to bid at any time.
Then a strategy for player j that calls for bidding only at t = 1 will
have expected payo¤ p � (vj �m) < vj �m, i.e. less than the from
the strategy of bidding vj at t = 0 (or at any t < 1, at which the
bid will be transmitted with certainty instead of with probability
p < 1).
No best reply to i�s second strategy is among player j�s best replies
to i�s �rst strategy, so j has no dominant strategy.

22



Possible strategic reasons for bidding late on eBay
1. Best response to naïve, �English auction� behavior:
�Another bidding tactic is sentry bidding�placing a bid and then
keeping close watch on it for the duration of the auction. If others
try to outbid you, you can quickly place a counter-bid to regain
your high bidder status. [. . . ] This could lead to an all-out bidding
war, so be clear on how much you�re willing to spend for an item
and how closely you can monitor the auction. And beware of the
last-second snipe from your worthy opponent.�1

Bidding very near the end of the auction would give the sentry
bidder insu¢ cient time to respond, so a sniper competing with a
sentry bidder might win the auction at the sentry bidder�s initial,
low bid. In contrast, bidding one�s true value early in the auction,
when a sentry bidder is present, would win the auction only if one�s
true value were higher than the sentry bidder�s, and in that case
would have to pay the sentry bidder�s true value.

1http://www.auctionwatch.com/awdaily/tipsandtactics/buy-bid.html, 2000
23



Possible strategic reasons for bidding late on eBay

2. Defense against dishonest sellers (�shill bidding�)

24



Possible strategic reasons for bidding late on eBay

3. Common value auctions: e.g. concealment of expertise:
If an auction is common-value, bidders can get information from
others�bids that causes them to revise their willingness to pay. In
general, late bids motivated by information about common values
arise either so that bidders can incorporate into their bids the
information they have gathered from the earlier bids of others, or
so bidders can avoid giving information to others through their
own early bids. In an auction with a �xed deadline, a sharp form of
this latter cause of late bidding may arise when there is asymmetric
information, and some players are better informed than others.
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Possible strategic reasons for bidding late on eBay

3. Common value auctions: e.g. concealment of expertise
(cont.):
�The greatest advantage of sniping is it a¤ords you anonymity
among the other bidders. If you�re a long-time bidder, others who
bid on the same items as you will recognize your user ID. Some
might even "ride your coattails," performing site searches on what
you�re bidding on, then perhaps bidding against you. If you choose
to snipe, the other bidders won�t know where you�ll strike next, and
that can mean more wins and frequently better prices for you.�
[http://www.auctionwatch.com/awdaily/tipsandtactics/buy-
bid2.html,
1999]
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Possible strategic reasons for bidding late on eBay

4. Implicit collusion among the bidders (at equilibrium even
in a private value auction):
There exist a multiplicity of equilibria, including of course equilibria
at which each player i bids his true value at t = 0. At the other
extreme, there are also equilibria at which no player bids his true
value until the last moment.
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Theorem
There can exist equilibria in which bidders do not bid their true
values until the last moment, t = 1, at which time there is only
probability p < 1 that the bid will be transmitted.

I The intuition behind last-minute bidding at equilibrium in a
private value auction will be that there is an incentive not to
bid too high when there is still time for other bidders to react,
to avoid a bidding war that will raise the expected �nal
transaction price. (O¤ the equilibrium path, early bidding
causes a price war, at which all bidders bid their true value
early enough so that bids go through with certainty.)

I Mutual delay until the last minute can raise the expected
pro�t of all bidders, because of the positive probability that
another bidder�s last-minute bid will not be successfully
transmitted.

28



All these strategic reasons to bid late despite the risk that your bid
won�t go through are eliminated or substantially attenuated in an
auction with automatic extension.

But, in addition to the possible strategic reasons for bidding late on
eBay (but not on Amazon), there are possible non-strategic reasons
for bidding late, on both eBay and Amazon. (i.e. reasons not
a¤ected by the strategic e¤ects of the rule for ending the auction)

1. Procrastination

2. Search engines bring up old auctions �rst

3. Desire to retain �exibility to bid in other auctions (e.g.
o¤ering the same item)

We can try to sort out some of these di¤erent strategic and
non-strategic hypotheses by comparing eBay and Amazon data.
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Hypotheses about the causes of late bidding
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Description of the data

I Amazon and eBay publicly provide data about the bid history.
I The research used data in the categories �Computers� and
�Antiques�.

I Computers (�private value auctions�): information about the
retail price of most items is in general easily available. The
di¤erence between the retail price and each bidder�s willingness
to pay, however, is private information.

I Antiques (�common value auctions�): retail prices are usually
not available and the value of an item is often ambiguous and
sometimes require experts to appraise. As a consequence, the
number and amounts of bids of others are likely to carry
valuable information about the item�s value.
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The data set consists of randomly selected auctions that were
completed between October 1999 and January 2000 and that met
certain criteria.

1. At least two bidders

2. Auctions with a hidden reserve price only if the reserve price
was met.

3. No Dutch-, Private-, �10% o¤ 1st bidder�-, or
�Take-it-price�-auctions
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In total, 480 randomly selected auctions with 2279 bidders.

I 120 eBay-Computers with 740 bidders
I 120 Amazon-Computers with 595 bidders
I 120 eBay-Antiques with 604 bidders
I 120 Amazon-Antiques with 340 bidders
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Variables:

I number of bids
I number of bidders
I reserve price (y/n)
I �timing�of bidders�last bids
I bidders��feedback numbers�
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Timing

I For each bidder - downloaded the data about how many
seconds before the deadline the last bid was submitted if the
bid came in within the last 12 hours of the auction time.

I For each last bid in Amazon - computed the number of
seconds before a �hypothetical�deadline.

I This hypothetical deadline is de�ned as the current actual
deadline at the time of bidding under the assumption that the
bid in hand and all subsequent bids were not submitted.

I Suppose, for example, a bid comes in two minutes before the
initial deadline. Then, the auction is extended by 8 minutes.
The bid shows up in our data, however, as 120 seconds,
respectively.
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Feedback number

In eBay, buyers and sellers have the opportunity to give each other
a positive feedback (+1), a neutral feedback (0), or a negative
feedback (�1) along with a brief comment.

I The cumulative total of positive and negative feedbacks is
what we call the �feedback number� in eBay.

In Amazon, buyers and sellers are allowed to post 1-5 star ratings
about one another.

I We refer to the cumulative number of ratings as the
�feedback number� in Amazon.
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Cumulative distribution of bidders�last bids over time
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Cumulative distribution of auctions�last bids over time
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When are the last bids submitted?

Furthermore, more experience causes eBay bidders to bid later, but
causes Amazon bidders to bid earlier.

39



40



Survey

�Hi: We are economists studying bidding on eBay (and sometimes
eBay bidder ourselves, as aer51 and aockenfels). We are
particularly interested in late bidding, and we are writing to you
because we noticed that you have been successful at bidding in the
last moment of an auction you participated in. . .

[1] Do you sometimes plan, early in an auction, to submit a bid at
the last minute? If so, why? (Or do you bid as the spirit moves
you throughout the auction, and only bid at the last minute if you
are outbid near the end?)
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[2] Do you bid by hand, or do you use bidding software? If by
hand, do you simply use the eBay bidder screens, or do you do
something more elaborate, like open multiple windows so that you
can follow the bidding while preparing a bid?

[3] When bidding late, about what percentage of the time would
you say it happened that you started to make a bid, but the
auction closed before your bid was received?
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[4] When you have planned to bid late, about what percentage of
the time would you say it happened that something came up, so
that you were not able to submit a bid as you planned? (We are
thinking here of something that prevented you from being
available, or from remembering to bid, not the case in which the
price had already risen above what you were willing to pay.)

[5] On average, would you say you submit only one bid per
auction; no more than two bids, or more than two bids?
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[6] Do you have a good idea, early in the auction, of the maximum
you would be willing to pay, or do you often adjust what you are
willing to pay based on the bids you see by other bidders? In this
respect, are some other particular bidders especially in�uential, or
is it just the general price level and number of bidders that
in�uences your bid?

[7] About what percentage of the time, when you are not the high
bidder in an auction, do you regret that you did not bid higher?
And in about what percentage of the auctions in which you are the
high bidder do you regret having bid as high as you did?
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[8] Is there anything else about your bidding experience that you
think it would be helpful for us to know, as we try to understand
what�s going on?
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Findings
I A large majority of responders (91 percent) con�rm that late
bidding is typically part of their early planned bidding strategy
(Question 1, N = 65).

I Among the 49 bidders who verbally explain why they are
bidding late, almost two thirds (65 percent) unambiguously
express that they try to avoid a �bidding war�or to keep the
price down.

I Some experienced Antiques-bidders (about 10 percent of all
responders, mostly with high feedback numbers) explicitly
state that late bidding enables them to avoid sharing valuable
information with other bidders.
(At the same time, some bidders say that they are sometimes
in�uenced by the bids and the bidding activity of others,
although 88 percent of the late bidders in our survey say that
they have a clear idea, early in the auction, about what they
are willing to pay (Question 6, N = 65).
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I Some indications of naïve late bidding. A few bidders (less
than 10 percent, mostly with zero feedback number) appear
to confuse eBay with an English auction. Also, some bidders
sometimes felt regret about not being the high bidder or for
being the high bidder (Question 7). The median response for
those who gave a quantitative estimation for how often this
happened is, however, 0 percent in either case (N = 48 and
46, respectively).

I Although most bidders never use sniping software (93 percent,
Question 2, N = 67), many operate with several open
windows and synchronize their computer clock with eBay time
in order to improve their late bidding performance.
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I Nevertheless, when bidding late, 86 percent of all bidders
report that it happened at least once to them that they
started to make a bid, but the auction was closed before the
bid was received (Question 3, N = 65).

I 90 percent of all bidders say that sometimes, even though
they planned to bid late, something came up that prevented
them from being available at the end of the auction so that
they could not submit a bid as planned (Question 4, N = 63).
(Most bidders gave a quantitative estimation about how often
this happened to them. The median response is 10 percent for
both, Question 3 (N = 43) and Question 4 (N = 52),
respectively.)

The survey suggests that late bidding is most often part of a
planned strategy, even though bidders know that there is a risk in
bidding late. At the same time, the survey reveals some
heterogeneity in why later bidders bid late, including �bidding
war�-, and �expertise�-explanations, and, to a lesser extent,
non-strategic explanations.
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Conclusions from the �eld data

Multiple and late bidding can have multiple causes.

I The clear di¤erence in the amount of late bidding on eBay
and Amazon is strong evidence that rational strategic
considerations play a signi�cant role, because eBay�s hard
close gives more reason to bid late in private value auctions, in
common value auctions, and against naïve incremental
bidders. This evidence that rational considerations are at work
is strengthened by the observation that the di¤erence is even
clearer among more experienced bidders.
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I The di¤erence between the amount of late bidding for
computers and for antiques suggests that the bidders respond
to the additional strategic incentives for late bidding in
markets in which expertise plays a role in appraising values.

I The substantial amount of late bidding observed on Amazon,
(even though substantially less than on eBay) suggests that
there are also non-strategic causes of late bidding, possibly
due to naivete or other non-rational cause, particularly since
the evidence suggests that it is reduced with experience.
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The need for experiments

Interpretation of the �eld data is complicated by the fact that
there are di¤erences between eBay and Amazon other than their
ending rules.

I eBay has many more items for sale than Amazon, and many
more bidders.

I buyers and sellers decide in which auctions to participate, so
there may be di¤erences between the seller and buyer
characteristics and the objects for sale on eBay and Amazon.
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The �feedback ratings�are imperfect proxies for experience.

I They only re�ect the number of completed transactions, but
not auctions in which the bidder was not the high bidder.

I Also, more experienced buyers on eBay may not only have
more experience with the strategic aspects of the auction,
they may have other di¤erences, e.g. they may also have more
expertise concerning the goods for sale.
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Laboratory experiments will allow us to look at the di¤erence in
auction closing rules while controlling away all other di¤erences.
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Experimental Design
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There were two bidders in each auction. Each bidder in each
auction was assigned a private value independently drawn from a
uniform distribution between $6 and $10. A winner of an auction
received his private value minus the �nal price, and a loser received
nothing for that auction.

The minimum bid in all auctions was $1.00, and the smallest bid
increment was $0.25.

55



eBay.8

Stage 1 is divided into discrete periods. In each period, each
trader has an opportunity to make a bid (simultaneously). At the
end of each period, the high bidder and current price (minimum
increment over second highest bid) are displayed to all. Stage 1
ends (only) after a period at which no player makes a bid.

Stage 2 of the eBay.8 auctions consists of a single period. The
bidders have the opportunity to submit one (last) bid; it has
probability p = 0.8 of being successfully transmitted.
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eBay1

In the eBay1 condition, the probability that a bid made in stage 2
will be transmitted successfully is p = 1, i.e. stage 2 bids are
transmitted with certainty. So in this condition, stage 2 is a
conventional sealed bid second price auction.
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Amazon

In the Amazon condition, stage 1 is followed by stage 2, as in the
eBay conditions, but after a successfully submitted stage 2 bid,
stage 1 starts again (and is followed by stage 2 again, etc.). The
probability that a stage 2 bid will be successfully transmitted is
p = 0.8. Thus in the Amazon condition, the risk of bidding late is
the same as in the eBay.8 condition, but a successful stage 2 bid
causes the auction to be extended.
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Sealed bid

In the sealed bid condition, the auction begins with stage 2 (with
p = 1), and ends immediately after, so that each bidder has the
opportunity to submit only a single bid, and must do so without
knowing the bids of the other bidder. (While the sealed bid auction
obviously cannot yield any data on the timing of bids, it provides a
benchmark against which the revenues in di¤erent auctions can be
measured.)
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Frequency of Sniping: Stage 2-bids (in Amazon: �rst stage 2) per
auction
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The experimental results reproduce the main internet observations:

I There is more late bidding in the �xed-deadline (eBay)
conditions than in the automatic extension (Amazon)
condition.

I Furthermore, as bidders gain experience, they are more likely
to bid late in the eBay conditions, and less likely to bid late in
the Amazon condition.
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Share of bids submitted by current high bidder
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We now turn to examine the magnitude of early and late bids:
Average increase of proxy bid (conditioned on bidding) over
current minimum bid.
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Amazon
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eBay.8
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eBay1
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Price Discovery: Final stage 1-price (in Amazon: �rst stage 1) as
percentage of �nal price
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Median of �nal bids (including lost stage 2-bids) as a percentage
of value
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Average revenues relative to second price - all trials
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Average revenues relative to second price - last 8 trials
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Average e¢ ciency
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Median revenues
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Further Design questions raised by the results

I Does a �xed-deadline auction of a private value good raise
less revenue than one with the same number of bidders in
which bidding is extended until no one wants to bid anymore?
(Because when many bidders plan to bid at the last minute,
some don�t make it?)

I Could the increased entertainment value of a �xed deadline
attract su¢ ciently many bidders to overcome this?

I Does �xed-deadline auction of a common-value good attract
more sellers of high quality objects than one in which bidding
is extended until no one wants to bid anymore? (Because the
latter deters experts from bidding?)
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Some �nal, methodological thoughts

Eclectic Methodology

I We use theory, �eld data, surveys, laboratory experiments. . .

Timing of Transactions is important

I As a profession, economists study the price of transactions
much more than we study their time and place, but timing is
an important strategic variable. In some markets, the entire
organization of the market re�ects attempts to control
strategic behavior related to timing.
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Design, learning, and prediction - Market design is about
understanding markets both when they are new and when they are
old, i.e. both when players are inexperienced and when they are
experienced. So, the design tools that we are most in need of are
theories of learning that can predict behavior in novel
environments.

Details matter - but there may be general theories about which
details matter.
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