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Auctions and Bidding: A Primer

Paul Milgrom

painting contractor once complained to me that the jobs put up for competi-
tive bids are unlike other painting jobs.

I do most of my work for a few builders that I’'ve known for years. My estimates
of what it will cost to do a job for one of them come out about right. Sometimes
a little high, sometimes low, but about right overall. Occasionally, when business
is slow, I bid on a big job for another builder, but those jobs are different: They
always run more than I expect.

Maybe the contractor was right to think bid jobs are different, but it is more likely
that he suffered from too simple a view of what is involved in preparing a competitive
bid. Our analysis will show that even an experienced estimator working in familiar
terrain can lose money if he doesn’t understand the subtleties of competitive bidding.

The phenomenon experienced by the painting contractor, known as the “ Winner’s
Curse,” is just one of the surprising and puzzling conclusions that have been turned up
by modern research into auctions. Another is the theoretical proposition (supported
also by some experimental evidence) that, for example, a sealed-bid Treasury bill
auction in which each buyer pays a price equal to the highest rejected bid would yield
more revenue to the Treasury than the current procedure in which the winning bidder
pays the seemingly higher amount equal to his own bid. There are also subtle results
that demonstrate the equivalence of such apparently different institutions as the
standard sealed-bid auction, in which the auctioneer/seller sells the goods to the
highest bidder for a price equal to his bid, and the Dutch auction, in which the
auctioneer /seller begins by asking a high price and gradually lowers the price until
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some bidder shouts “Mine” to claim the item. Other results explain the use of
standard auctions as the selling schemes that maximize the welfare of the bid—taker,
or as schemes that lead to efficient allocations, minimize transaction costs, guard
against corruption by the bid-taker’s agents or mitigate the effects of collusion among
the bidders. Finally, for some environments, the theory makes sharp, testable predic-
tions about the bids and profits of various classes of bidders. This paper relies mainly
on theory to study these issues, but it will also review some experimental evidence and
recent empirical studies testing the predictions of the theory.

Pitfalls for Bidders

One of the earliest operations research studies of competitive bidding was made
by Lawrence Friedman (1956). He argued that a bidder should study the past
behavior of its competitors to discover the patterns that governed their bidding. This
information could be used, in any particular competition, to estimate the probability
distribution of any particular competitor i’s bid b4, as represented by the function
describing how likely the bid &; is to be less than any particular amount b. This is the
cumulative distribution function: F(4) = Prob(5; < b).

Suppose that the bidders are vying for a road construction contract and that the
usual rules of sealed bid auctions apply, so that it is the lowest bid that wins. Examine
the problem of just one of the contractors. If it bids 4 and wins and if its cost of
completing the contract is ¢, then its profits will be & — ¢; if it loses the auction, its
profits will be zero. The contractor’s bid of b will win precisely when all the other
contractors make higher bids. The probability that the i:th competing contractor
makes a higher bid is 1 — F.(b). Thus, if there are N other bidders, the probability
that a bid of & beats them all is P(b) = (1 — Fy(b))...(1 — Fy(b)) and the contrac-
tor’s expected profit is equal to that probability times the profit margin in the bid:
P(b)(b — ¢). Friedman recommends that the bid 4 be chosen to maximize that
expression.

This expression for expected profits depends on two important assumptions. One
is that the bids made by competitors are statistically independent (the independence
assumption) and that their distributions can be somehow estimated from history. The
other is that the bidder actually knows the amount ¢ that it will cost him to complete
the contract (the private values assumption). The independence assumption means that
there is no unobserved common factor affecting all of the competitor’s bids while the
private values assumption allows the contractor to ignore the competitors’ information
in forming its cost estimate. These assumptions make collecting data, constructing the
model, and solving the optimization problem easy, but they may often fail to portray
the auction environment accurately.

An alternative model that violates both of these assumptions was used by ARCO
in preparing bids for offshore oil tracts sold by the U.S. government. The detailed
logic of their model has been described by Capen, Clapp, and Campbell (1971). As
applied to the problem of bidding for construction contracts, ARCO’s model would
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say that a contractor doesn’t really know what the job will cost, and regards the actual
cost C of the job as a random variable. Uncertainties about cost arise from uncertain-
ties about factors that will affect all bidders like the number of tons of concrete that
will be required, blasting difficulties, cold weather construction delays, changing factor
prices, and so on in addition to factors that are idiosyncratic and vary from bidder to
bidder. Each contractor’s cost estimate is just an estimate, subject to error. No
contractor knows what its cost will be and each realizes that the other bidders may
possess information or analyses that the contractor would find useful for its own cost
estimation, so the private values assumption fails.

The simplest way to illustrate the consequence of this sort of estimation error is to
replace the private values assumption by the common values assumption that the
contractors are all equally capable and that each could, if called upon, do the job at
the same cost C. Although this assumption is special, it makes it possible to illustrate
some general phenomena rather simply. For additional simplicity, suppose that the
bidders make unbiased estimates X; = C + §,, where the estimation errors are inde-
pendent.

Despite the independence of the estimation errors, the bidders’ estimates are not
independent, because the estimates in this Bayesian model are the sums of the
common random term C and the independent errors.! As we shall later argue, this
failure of the independence assumption has important consequences for the compara-
tive performance of alternative auctioning rules.

Now comes a crucial observation. Even though each contractor’s individual
estimate is unbiased (that is, equal on average to the expected cost), the lowest estimate
is biased downward. Indeed, because the expected value of the individual estimation
errors is zero, the expected value of the minimum estimation error must be less than
zero, and that implies the claimed estimation bias.

Now suppose all bidders determine their bids by adding the same fixed and /or
percentage markup to their estimated costs, or using any other markup rule for which
higher costs lead to higher bids. Then the winning bidder will be the one with the
lowest estimate of project completion costs, and the winner’s cost estimate will be too
low on average.

The phenomenon just described is known as the winner’s curse. It forms the basis
of the explanation and advice that I might have offered to the painting contractor
quoted in the introduction: “There may be nothing unusual about the painting jobs
on which you have bid and nothing terribly wrong with your cost estimates. The
problem is that in competitive bidding, your bid usually loses when you overestimate
your actual costs. Often, when you win a job, it will be because your cost estimates
were too low. To make money in competitive bidding, you will need to mark up your
bids twice: once to correct for the underestimation of costs on the projects you win and
a second time to include a margin for profit. Don’t let the presence of several
competing bidders push you into making too aggressive a bid. The markup to adjust
for underestimation will have to be larger the larger is the number of your competitors
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Indeed, the covariance of any two different estimates X; and X is equal to the variance of C.
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and the more you respect the accuracy of their cost estimation; you may, however,
want to make the profit markup smaller when there are more competitors. Also, the
payoff to careful cost estimation in competitive bidding is great, because it allows you
to bid aggressively without great risk. If you can also develop a reputation among
your competitors for being an unusually savvy estimator, that’s even better for you,
because it will compel sensible competitors to bid more cautiously against you and
allow you either to increase your profit markup or to win more bids.”?

Since the contractor (who was my father) was retired by the time I understood
these lessons, I have not tried my explanation on him.

Students are quite rightly reluctant to accept these results as proof that it is
always best to bid cautiously. “You can’t make any money if you never win a bid,
and you can’t win if you are too cautious” is a common response. The most important
lessons to be learned from both the theory and the experiments are that the returns in
bidding come from cost and information advantages, that naive bidding strategies can
squander these advantages, and that bidders without some advantage have little hope
of earning much profit, but could with a little bit of carelessness suffer large losses.

Equivalences Among Auction Institutions

To fix the terminology for this section, let us assume that the auctioneer is selling
some goods and the bidders are the potential buyers. The first general question to ask
about auction markets is to what extent the details of the institution matter. Should
sealed bids be used, with the contract being awarded to the highest bidder for a price
equal to its bid? Would the price be higher or the outcome more efficient if an open
outcry auction of the kind used by the English auction houses were adopted, where
bidders call out increasing bids until only the highest bidder remains? How do these
alternatives compare with the Dutch auction, in which the auctioneer initially calls a
high price and then lowers it continuously until some bidder claims the goods?

In one of the earliest and most remarkable economic analyses of auctions,
William Vickrey (1961) studied those questions (and others). Let us review first
Vickrey’s analysis of the Dutch and sealed bid auctions.

In a sealed bid auction, each bidder independently and privately picks a price
and offers to buy the goods at that price. The one who bids the highest price wins. The
Dutch auction is seemingly quite different. The auctioneer calls the prices, beginning
with a high price and proceeding to successively lower ones. The bidder listens to the
prices called, notices whether any other bidder has accepted a price, and finally
accepts some price if no other bidder has done so first.

Despite the seeming complexity of the Dutch auction bidder’s task, a bidder who
plans his actions in advance will find that his problem is identical to that facing a
bidder in a sealed bid auction. For regardless of how the bidder approaches the
calculations, the only genuine choice open to him is to select the highest price at which

?Formal propositions to this effect are provided by Milgrom and Weber (1982a).



