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Bi ddi ng Behavi or Under Costly Information Acquisition:
An Experinental Study

| . | NTRODUCTI ON

Thi s paper presents the results of an experinent on bidding
behavi or with endogenous information acquisition. The experi nent
consists of a series of auctions where the subjects conpete for
an object with a private but unknown val ue. The distinctive
feature of the environnment is that the information about the
private values of the object is costly: a bidder only discovers
his own val uati on provi ded he pays sone anount to becone
i nf or med.

Therefore, the subjects in the experinent are dealing with a
sequenti al decision problem They nust deci de whether or not to
acquire information and then, conditioned on that previous
deci sion, they nust determ ne what their optimal bid should be.
Sonme auctions introduce an additional source of uncertainty:
whereas the information acquisition involves a certain cost,
there is sone probability that the auctioneer will prefer not to
sell the object after the bids have been presented. Later, we
will provide a notivation for our interest in this variable, that
we wll call the "level of hypothetical ness" of the auction.

The mai n objectives of the experinment are to test a

t heoretical nodel of bidding and to anal yze how t he agents:



decisions --i.e., whether or not to buy information and what bid
to offer-- are affected by changes in (a) the distribution of
val uations and information costs, (b) the nunber of potential
conpetitors, and (c) the probability that a winning bid wll
actually result in a transaction.

The structure of the paper is as follows. Section Il provides
a conci se discussion of the literature on costly information
acquisition and a notivation for this research. Section III
presents the theoretical nodel in which our analysis is based,
while section |V describes the design of our experinment. The
main results are discussed in section V. Finally, the paper

cl oses with sonme concl usi ons.

1. BACKGROUND

The role of information in auctions has been extensively
studi ed, both fromtheoretical and enpirical standpoints.?
| ndeed, a commonly stated notivation for the study of auctions is
that they provide a conveni ent device for the analysis of the
price system under informational asymetries. |In that spirit,
the foll owm ng fundanental features have been shown to hold under
certain conditions: (i) if a bidder is better informed than his

conpetitors, he mght profit by acquiring additional information,

! See MIgrom (1981) and M| grom and Weber (1982) for theoretical treatnents
of the issue. See also Kagel et al. (1987) for a representative enpirical study.



particularly if this is done in a visible way; (ii) it is
conveni ent for the uninforned bidders to acquire sone of the

i nfornmed bidder=s information, whenever this can be done

covertly; and (iii) the profit of the seller increases when he is
able to make public any part of the information of the well -

i nformed bi dder.?

An unpl easant shortcom ng of the conventional approach,
however, is that the information |evel of the bidders is
typically treated as an exogenous variable. That is, nost nodels
take a certain level of information as a given, and then consider
the effects of arbitrary changes in that level. O course, it
woul d be nore realistic to view the information possessed by each
agent as a decision variable, whose | evel depends on the
conparison between its acquisition cost and its expected benefit.

As a natural illustration, consider the process of soliciting
bids to performsone task, such as constructing a new mlitary
jet. The bidders know their cost inperfectly, but at sonme cost
can narrow their uncertainty. Simlarly, if a group of art
dealers is bidding for a controversial painting, each bidder
m ght be unsure about the exact price at which she will be able

to resell the item but she can di scover that information

2 MIlgrom (1985) provides a throughout survey of the effects of differential

information in auction contexts. The results above were first proved by M| grom
and Weber (1982a).



provi ded she spends sone resources. In either case, the optinm
deci sion of a bidder will depend on her cost of information
conpared with the expected benefit of becom ng well informed. To
anal yze those auctions ignoring this fundanental fact, can |ead
to m sl eadi ng i nferences.

Surprisingly, nodels with endogenous information acquisition
are relatively scarce. In a conprehensive survey by MAfee and
MM I lan (1987), for exanple, the case of costly information
acquisition is exhausted by a single footnote.® A simlar
observation is valid for the survey by Wlson (1992), in which
the topic nerits a single reference.” I ndeed, the nunber of
papers in which the acquisition of information is endogenous is
quite short. Mathews (1984) and Lee (1985) were perhaps the first
to set up auction nodels focused on that topic. Schweizer and
Ungern-Sternberg (1983), in turn, used simulation nethods to
anal yze the role of costly information in a two-agent franmework.

More recently, nodels have been put forward by Engel brecht -

W ggans (1988) and Guzman and Kol stad (1995).

® MAfee and MMl lan (1987), p. 722, fn. 21.

*  Wlson (1992), p. 241.



The sane pattern can be found in experinental research
Al though there are a nunber of studies dealing with the effects
of information, alnost all are confined to the follow ng topics:
the effects of public provision of information on the revenue of
the seller,® the effects of feedback information about previous

out comes in repeated auctions,®

and the effects of uncertainty
about the nunber of bidders.” In an extensive survey of the
enpirical literature by Kagel (1995) no reference is nmade to any
di rect study of bidders: behavior under costly information

acqui sition.

This paper attenpts to fill that gap, setting up an experi nent
in which the endogenous nature of information acquisition plays a
maj or role. More specifically, the auctions in the experinent are
characterized by the fact that, contrary to previous experinents,
the acquisition of information is an endogenous vari abl e, rather
t han an exogenous paraneter.

Qur goal is to examne the strength of the econom c incentives
in a well-controlled environment. How rational are the bidders
with respect to the acquisition of information? How does the

additional conplexity of the environnent affect their ability to

take optimal decisions? Can the outcone of the auctions be

> Kagel and Levin (1986)

® Isaac and Wl ker (1985), Cox et al. (1984).

"  Dyer et al (1989), Battalio et al. (1990).



accurately predicted by sone particular paradign? How is the
seller's revenue affected by the ignorance of the bidders about
their valuations? In spite of their rel evance, these interesting
probl ens have never been submtted to cl ose exam nation through
experinmental research. The only way to do it, of course, is to
take into explicit account the possibility of costly information
acqui sition, but that has not been done in previous experinents.
Thus, although its structure is probably very specific, we
feel that our experinment suggests a fertile direction for
additional research on a topic usually neglected in the auction
l[iterature. Moreover, it represents an experinental bridge
bet ween t he econom cs of search and the econom cs of bidding

behavi or.

I11. THE MODEL

The theoretical basis of our experinent comes fromthe
equi i brium nodel devel oped in Guzman and Kol stad (1995), for
whi ch this section provides a concise exposition. The nodel
considers a large nunber of risk neutral bidders, i =1, 2,...
N, who are trying to buy an object in a first-price sealed-bid
auction. The object has sone particul ar value, V;, for each
particul ar bidder, i, but the value V, is unknown, even to the
agent i hinself. 1In fact, the valuations of the object are

i ndependent random draws from a continuous density function f,



Wi th support in the interval [V,, V,]. The density function f is
common know edge.

Each individual can follow one of two alternate strategies.
He may spend an anmount c¢; in order to discover the true val ue
that the object represents for himor herself, and then use his
findings to forman optimal bid. On the other hand, this agent
m ght save c¢; and just use the expectation of V; as an estimate
of his (unknown) true valuation. The costs of information are
al so i ndependent random draws froma comon di stribution.
Specifically, ¢, ~g, i =1, 2,..., N where g is a continuous
density function in the interval [G, G]. Each agent knows her
particul ar cost but she ignores the costs of other bidders;
however, the density function g is also common know edge.

We assune that each bidder conjectures that a proportion p of
bi dders chooses not to buy information about their valuations and
consequently are just using the common expectation, V, as their
bid. Therefore, if a bidder pays c; and then he discovers that
his valuation is V, his optinmal bidding strategy woul d have the
formb; = B(p, V). If the agent refuses to buy information, he
will find it optimal to bid just V, given his conjectures that
(pN) other bidders are behaving in identical way.?

For any particular p, it can be shown that in a unique

8 See Guzman and Kol stad (1995) for a discussion of this specific issue.



symetric equilibrium the bidding function for the inforned

%i F ( Q)[(l- p)N -1] dQ

F (V| )[(1' PIN-1] (1)

B(pP.Vi)=Vi-

bi dders wth val uati on above V is:

In turn, the value of information is given by:

e CON. u
P(p)=c‘¥”éc‘§(F(Q))“lp)N”dQGf(F)dF "
Therefore, the decision of whether or not to acquire
information is clearly given by the optimal rule:

Buy information if ci # ?(p)

(3)

Do not buy information otherw se

It follows that a rational expectations equilibriumis given

by a val ue p® such that the actual proportion of bidders for

which ?(p%) < c is (nearly) equal to p®itself.? That is,

1- q?(p9)) = p° (4)

Guzman and Kol stad (1995) show that, subject to sone
regularity conditions, this equilibriumexists and is unique.
Then, we can conbine the results above to obtain an expression

for the expectation of the maxi mum bi d:

° For the sake of exposition, here we are ignoring the discrete nature of p.
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where B represents the wnning bid, 2 is the density function of
the maximumin a sanple of [(1-p)N draws on V, and G¢
represents the corresponding distribution function.
The foll ow ng conparative statics results can be shown to
hol d:
(1) A greater nunber of bidders inplies no |arger proportion
of bidders acquiring information, but a greater nunber of
wel | -informed bidders. Therefore, an increase of the
nunber of bidders inplies an increase of the expectation

of the w nning bid.

(2) The effect of a change in the distribution of information
costs depends on the change in .) when evaluated at the

initial equilibriumvalue of information, ?(p°®). |If

& ?(p®)) increases, then both the proportion of inforned
bi dders and the expectation of the wwnning bid wll

increase; if Q?(p®)) decreases, then both variables wll
decr ease.

(3) An increase of the level of "hypothetical ness" inplies an

i ncrease of the proportion of uninformed bidders and a
decrease of the expectation of the w nning bid.

The statenment in (1)sinply says that the decrease in the
proportion of informed bidders is never enough to neutralize an
exogenous increase in the total nunber of bidders. Statement (2) is
perhaps surprising at first sight, since it says that, except for
a single point, changes in the distribution of costs are
irrelevant. The statenent in (3) is straightforward, and it can be

related to the following interpretation. Fromthe point of view of

the seller, we can think of the efficiency of an auction as its

9



ability to induce revelation of the true values of the bidders:

the nost efficient auction would induce the individual wth
valuation V, (the maxinmum to reveal him or herself. In this
sense, the nore hypothetical is the auction, the less efficient it
is. W have argued elsewhere that this idea has relevant

implications for several econonic situations.°

V. THE DESI GN OF THE EXPERI MENT

A. General Description

0 An exanple is given by the case of firnms going public. Usually, the firns
ask some investors to state the price that they would be willing to pay for sone
shares. Depending on the information received, the firm deci des whether or not
to go public. The inplication is that, since the investor do not have strong
incentives to really investigate the true value of the firm this procedure m ght
be al nbst uninformative. See Guzman and Kol stad (1995).

10



The whol e experinent consisted of two separated sessions, each
wth a different set of subjects. Each session, in turn,
consi sted of four sets of auctions. Finally, a set of auctions
was conposed of four auctions with identical structure, except
that sonme particul ar variabl e was changed from one auction to
another. A graphical description of the structure of the
experiment is given in Figure 1. Auctions were conducted with
each participant at an individual conputer screen, and the
conputers were networked to a central auctioneer conputer.

In each auction, the "item posted for sale was a bundl e of
"tokens." The nunber of tokens in the bundle could be different
from one bidder to another, and each individual was ignorant of
t he amount that he m ght receive as his eventual prize --
hereinafter, his private value. However, each individual was
gi ven the opportunity to pay sone anmount of tokens --hereinafter,
his information cost-- in order to receive that information

For each auction, we selected in advance the intervals where
all private values and information costs should lie, and then
those intervals were publicly announced to the bidders. Next, a

conputer programrandonly selected private values and costs for

M n addition, we carried on an initial set of four auctions with the
objective of famliarizing the subjects with the general structure of the gane,
but the results of this benchmark set were not used in the statistical analysis
of the data.

11



each subject; each subject then faced the decision of whether or
not to buy information about their private valuations. In
addition, the bidders were inforned that, after the maxi numbid
was determ ned, we would spin a probability wheel to determ ne
whet her or not the transaction would actually be consummat ed.

The probability of consummati on of the sale was also publicly
announced i n advance. Summ ng up, a typical auction consisted of
six steps: (1) the ranges for private values and information
costs, and the probability of consummating the auction, were nade
public; (2) each bidder was privately inforned of her private
information cost; (3) if a bidder agreed to buy information, then
she was secretly infornmed about her val uation, and her

i nformation cost was subtracted from her current bal ance; (4)

bi ds were submtted and the wnning bid of the auction was
determ ned; (5) a probability wheel was spun (in sonme auctions)
to determ ne whether the sale should be consummated; (6) the

w nni ng bi dder received her prize.

B. Financial and Informational |ssues

The operations of the bidders were financed by a current
account provided to each bidder. At the beginning of an
experinmental session, the balance of each current account was set
to 1000 tokens and, as we already nentioned, these bal ances were

updat ed after each auction. For the w nning bidder, the follow ng

12



was added to his account:

2(Vi - b)) - %c (6)

where Vi, b;, and c¢; represent his valuation, bid, and information
cost, respectively; 2 is an indicator variable equal to 1 when

the sale is consummated and O otherwise; and 2 is equal to 1
when t he agent has bought information and O otherw se. For other
bi dders, the updating of bal ances sinply required subtracting the
amount 2 ¢;. *?

After each set of auctions, the bal ance of the current account
of any bidder was added to the previous bal ance of the bidders
cunmul ative account, while the new current bal ance was again set
to 1000 tokens. The cunul ative accounts could not be used to
finance current operations of the bidders and their function was
just to nmeasure the anount accunul ated for each bidder up to any
particular noment. To notivate the subjects to take their
deci sions seriously, we announced that at the end of the
experinment, a prize of 75 dollars would be awarded by lottery
anong all the participants, using for each a probability of
W nni ng proportional to his or her accunul ated bal ance at the end
of the experinment. The objective of this procedure was twofold.

First, to ensure that the budget constraint was not binding for

2 1t should be enphasized that the subtraction of the information cost was

certain and totally independent of whether or not the sale was ultimtely
consunmmmat ed.

13



any set of auctions, since we were not interested in analyzing
the effects of budget constraints; second, to guarantee that al
participants were really notivated to accunul ate as many tokens
as they coul d over the whole experinent.®

The subjects were not allowed to conmuni cate with each ot her
Thus, all public information was provided by a proctor, and any
private informati on was sent to each bidder through his conputer
screen. Simlarly, their decisions concerning whether or not to
buy information, as well as the bids, were sent to the proctor
t hrough a conmputer system specifically designed for the

experi nment.

C. The types of Auctions

3 A discussion of cash balance effects is found in Hansen and Lott (1991).
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A sunmary of the relevant variables for each auction is given
in Table 1. In the first set, the range of private val ues was
changed from one auction to another while the ranges of
i nformation costs and the nunber of bidders were naintained
fixed. In the second set, the range of infornmation costs was
changed from one auction to another, all other paraneters
remai ni ng fixed.

In the third set, the relevant variable to be changed was the
probability of consumrmati on of the sale after a winning bid has
been determ ned; thus, in contrast to the other sets, here we set
a positive probability that the auction was just a hypothetical
one. Finally, in the fourth set, we controlled for the nunber of
bi dders, decreasing that nunber from 15 individuals (in the first

auction of the set) to only 3 bidders (in the last auction).

V. EXPERI MENTAL RESULTS

In this section, we will pursue two rel ated objectives.

4 Al the auctions (except in the case when we controlled by the nunber of
bi dders), involved 15 bidders. Since we run two experinmental sessions with
identical structure, the data was conmbined to have a total number of 30
observations. Five observations were disregarded because they reveal ed, above
any reasonabl e doubt, a m sunderstanding of the rules of the auctions. This
yields a final sanple of 25 observations. Al'l the subjects were MBA and
under graduat e students of the University of Illinois at Urbana-Chanpai gn.

15



First, we wll test the predictive accuracy of the risk-neutral
Rat i onal Expectations (RNRE) nodel outlined in section Il; this
will require an analysis across all the auctions of the
experinment. Gven the uniformdistribution of private val ues and
information costs, it is a sinple nmatter to conpute the

equi l i brium values for the nost rel evant variables in each
auction, and then those values can be conpared with the factual
observations. Second, we will discuss the sensibility of sone
relevant variable with respect to specific changes in exogenous
paraneters; this will require an analysis across the auctions of

a given set.

A. Evaluating the Predictions of the RNRE Model .

The predictive accuracy of the nodel is first tested through
t he conparison of the expected and actual values of the
proportion of uninformed bidders, p, and the winning bid, B. The
val ues of those variables for the different auctions are
summarized in Table 2. Figure 2-5 present a graphical summary of
the same data

An informal inspection of the graphs suggests that both the
proportion of uninformed bidders and the wnning bid track very
cl osely the novenents of the equilibriumvalues. In the case of
the wi nning bid, however, the | evel of the sanple values seens to

be above the equilibrium in all but one auction, the wnning bid

16



is higher than the prediction of the nodel. O course, this
would inply that the (risk neutral) equilibriumpersistently
underesti mates the actual w nning bid.

A regression between sanple and predicted values is a
convenient way to formalize that observation. Specifically, we

w Il use the regressions

p> = ao + bo p°
and (7)
B = a; + b, B°
as the basis for testing sone appropriate hypot heses about the
paraneters a; and b;, i = 0, 1, where the superscripts {s, e}
denote the sanple and theoretical equilibriumvalues,
respectively.

The results of the regressions are given in Table 3. It can
be seen that the "b" coefficient is slightly below 1 for the
proportion of uninfornmed bidders, while slightly above 1 for the
wi nning bid. However, the difference is not statistically
significant for either case, so that the null hypothesis

o (i): b =1 (8)
cannot be rejected for either i = 0 or 1. A simlar result
applies to the hypothesis

Ho (i): a =0 (9)
However, a different result is obtained when we test the joint

hypot hesi s

Ho(l) a; :O, bi =1 (10)

17



whi ch anmounts to test the equality of actual and equilibrium
values. In this case, the hypothesis cannot be rejected for the
proportion of uninformed bidders, but it is clearly rejected for
the winning bid. Overall, this validates the heuristic caveat
that the "novenents" of the winning bid are reasonabl e predicted
by the equilibriumvalues, but the "level" of the bid m ght be
under est i mat ed.

An alternate approach to neasure the predictive power of the
theoretical nodel is given by a Goodness-of-fit test applied to
the proportion of bidders acquiring information. The idea is
sinply to conpare the nunber of bidders in each category (i.e.,
"buyi ng" or "not buying" information) with the predicted nunbers

gi ven by the expressions N(1-p®) and Np® respectively. The test

c2= (NP"-N") " (N(-p*)-N(L-p" ) (1)
Np N(1-p)

is based in the statistic

where N denotes the size of the sanple, p is the proportion of
bi dders not acquiring information and, as usual, the superscript
di stingui shes the sanple and predicted val ues.* Table 4 shows
that only in two cases --i.e., auctions 8 and 12-- are the

prediction of the nodel statistically different fromthe actual

It is well known that the statistic follows a ? distribution with one degree

18



realization.?'®

B. The proportion of "Information Acquisition Errors”

of freedom An elementary exposition can be found in Senter (1969).

® |I'n some cases, the application of the test requires some cautious because
a very good approximation to the X° distribution needs Np® and N(1-p® to be
greater or equal to 5. Consequently, this test was not applied to auctions 13-16
in which the nunmber of observations wass too small.
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As a counter to these conclusions, it mght be argued that the
Goodness-of -fit test has the follow ng drawback. It allows the

possibility that the "information acquisition errors" of sonme

bi dders are cancel ed out by the errors of others.! Thus, even

if the observed nunbers in each category agree with the predicted
nunbers, this could hide significant departures if we | ook at the
behavi or of each individual bidder. Therefore, we will follow an
al ternate approach that takes this into consideration.

Let us begin by defining the variable J; as the proportion of
decision errors in auction i. The relevant question is whether
or not this variable tends to be bel ow sone reasonably smal
cutoff. Since the selection of the threshold is necessarily
arbitrarily, we will follow a conservative approach by testing

t he hypot heses:

Ho: Ji # 0.20
(12)
Ha: Ji > 0.20
O course, a rejection of the null would inply that decision

errors are common and systematic, rather than purely random and

negl i gi bl e.

Y By Ainformation acquisition error@ we refer to the decision of an agent who

buys i nformation when, given his information cost, the nmodel suggests not to buy
it, or vice versa.

20



The results of this test for auctions 1-12 are shown in Table
5, where we al so present the nunber of Aw ong@ decisions in each
auction. The test is based on the conparison between that nunber
and the critical nunber corresponding to the 10%tail of a
bi nomi al distribution with parameters (25, 0.20, 0.80).%® If,
assum ng the null hypothesis holds, the probability of drawing a
nunber of errors equal to the actual nunber is bel ow 0.20, then
the null should be rejected. As shown in the table, this is the
case in three (3) auctions, so that the null cannot be rejected
in the remaining nine (9) auctions. Later on, we wll| provide
sonme additional comments about the nunmber of decision errors in

aucti ons 5-8.

C. The Symmetry of the Equilibriumwth Costly Information

¥ The use of the binomal distribution follows fromthe binary nature of the

variable J. Here we consider a "correct decision" as a success, and a "wong
decision" as a failure.
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An inportant inplication of the standard private val ues nodel
is that the equilibriumis efficient, in the sense that the
object is won by the bidder with the highest valuation. This fact
has been commonly verified in experinental research, giving
support to the relevance of the symmetric Ri sk-Neutral Nash
Equi | i bri um nodel (RNNE). ' Wien we introduce costly infornmation,
of course, that is not true anynore: the bidder wth the highest
val uation m ght decide to remain uninfornmed, and then the auction
can be won by another bidder. Indeed, the probability of an
efficient outconme can be nade very small, just by shifting the
distribution of costs in an appropriate way. This renains
essentially true even if alternate criteria for efficiency are
adopted -- as, e.g., that the auction is won by the bidder with a
hi ghest value Vi - ¢i. In short, efficiency is not a testable
inplication of the R sk-Neutral Rational Expectations (RNRE)
nodel .

Yet, the nodel still predicts that, after buying information,
all bidders would use the sanme bidding function, increasing in
valuation. This follows inmmediately fromthe fact that, after
buying information, all bidders face the sane situation, whatever
their information costs m ght have been. Then, the bidder with
t he hi ghest valuation anong the inforned bidders wll also

present the highest bid, and that does inpose a constraint that

19 See, for exanple, Dyer et al. (1989, fn. 10) and the references there.
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our data should satisfy.

Overwhel m ng evidence indicates that this is, in fact, the
case: in all the auctions of the experinent, the highest bid
anong the infornmed bidders was presented by the bidder with the
hi ghest valuation. A representative pattern for the relationship
bet ween val uations and bids for informed bidders is given in
Figure 6. In addition, in Table 6 we report the coefficients of
correl ati on between val uati ons and bids for those auctions where
t he nunber of inforned bidders allows such a conmputation. It can
be seen that the coefficients are always positive and, in nost
cases, relatively high. Al though the anount of observations in
each auction is very small for formal tests, we think it is not
unreasonabl e to conclude that the symretry of the bidding
strategies predicted by the RNRE nodel is clearly verified in our

dat a.

D. The effects of the Exogenous Paraneters

Here we wi Il discuss now the sensitivity of some endogenous
vari ables with respect to changes in the paraneters of the nodel.
We consi der as exogenous paraneters the |evel of
hypot heti cal ness, a, the distribution of information costs, and
the total nunber of bidders, N. The small nunber of observations
(four auctions in each set) wll not permit us to rely on forma

procedures to test for statistical significance of the changes
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within a given set. Thus the followng will be necessarily
heuristic and will rely on an informal description of the data.
Qur attention will be confined to the proportions of (un)inforned
bi dders and decision errors, not only because they represent the
leit nmotif of our study, but al so because novenents in other

vari ables are not as easily readable fromour limted data.

The effects of changes in the distribution of values are
measured through the first auction set (auctions 5-8), by
changi ng the maxi mum feasi bl e val uation from one auction to
anot her. The nodel predicts that the proportion of uninformnmed
bi dders shoul d be sensitive to changes in V, decreasing
nmonotonically as V, is increased.

In Table 7, panel a, our presunption is weakly validated in
the sense that the average p of the first two auctions is clearly
above the average of the latter auctions, although the novenent
in pis not nonotonic. For further reference, we notice that the
proportion of decision errors is not particularly sensitive to
t he changes in V,.

The effects of changes in the distribution of information
costs are neasured through the second set (auctions 5-8), where
the range of information cost is changed from one auction to
anot her. The nodel predicts that, as the maxi num feasible cost is
decreased, the proportion of uninfornmed bidders would al so go

down. Thus, as shown in panel b, the novenent in p is in the
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right direction: when we nove fromthe fist to the |ast auction
of the set, the tendency of p to decrease is unanbi guous. On the
ot her hand, the proportion of decision errors increases
systematically as the range of information costs is reduced. |In
fact, the proportion of decision errors in the first auction of

the set is doubled in the second, and then tripled in the fourth.

The last result is somehow surprising because it suggests that
the possibility of judgnental errors increases when the range of
information costs is narrowed. This is even nore striking when
conpared with the results in the other sets, where the proportion
of decision errors is not particularly sensitive to paranetric
changes in other variables. The follow ng argunent will allow us
to advance a tentative conjecture about this curious fact.

In theory, a reduction of G, leads to a new equilibriumwith a
greater nunber of inforned bidders and, consequently, greater
conpetition anong the infornmed bidders. In turn, this reduces
t he val ue of increases the value of becomng inforned; that is,
it shifts to the left the threshold ?(p) in (3). Qur conjecture
is that such a decrease of the value of information is wongly
exaggerated in the perception of many bidders, so that they stop
buying i nformati on even when is profitable to buy it.

To support our conjecture, we separate the total nunber of

decision errors into two groups. The first group includes the
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bi dders who buy informati on when they should not do so given
their information costs; the second group includes those bidders
who do not buy information when they should buy it. It can be
seen from Table 8 that the huge increase in the nunber of
decision errors is driven by the second group, which is precisely
the content of the conjecture above. Wether this result is
systematic or just a casual puzzle fromour data cannot be

determ ned conclusively w thout further research.

The effects of changes on the |level of hypothetical ness, a 1is
measured through the third set of auctions (9-12). The nodel
predicts that the proportion of uninformed bidders will increase
as the level of hypothetical ness increases; also, we find it
reasonabl e to expect that the proportion of decision error wll
decrease when the | evel of hypothetical ness approaches 100%
because then the correct decision (not to buy information) tends
to be obvious without too nuch conputation. The data reproduced
in panel ¢ shows that the proportion of errors does decrease:
while its average value in the first two auctions is 18% the
average of the last two auctions is around 8% In turn, the
change in p noves quickly fromauction 9 to auction 10, although
is partially reverted at the |last auction of the set.

Finally, the effect of changes of the nunber of bidders is
measured through the fourth set of auctions (13-16). In this

case, the reaction of the sanple p |ooks particularly strong. As
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shown in panel d, it decreases from81%in auction 13 to only 25%
in the |ast auction of the set. The proportion of errors also
decreases, but in a smaller nmagnitude. W interpret this data as
indicating that, in this case, the bidders accurately realize

that a snmaller nunber of conpetitors increases the val ue of

i nformati on and, consequently, the incentive to becone inforned.

E. Nash Equilibriumyvs. Rational Expectations

The final issue we address involves a conparison of our
experinmental results with the predicted winning bids froma risk
neutral nash equilibrium (RNNE) bidding nodel as well as the RNRE
nmodel . Figure 7 shows how these three possible auction outcones
conpare for each of the sixteen auctions. Although we are unable
to draw any statistically valid conclusions, it is striking that
the experinental results appear to be bounded above by the RNNE
outcone and bel ow by the RNRE outcone. This contrasts with the
conventional result in the experinmental economcs literature
(Kagel , 1995) that the RNNE nodel under-predicts the winning bid
in experinments. Ri sk aversion can be used to bring the Nash
equi libriumoutconme into closer agreenent with the experinental
results.

This result suggests the relevance of information acquisition
in predicting the outcone of an auction. Suppose one w shes to

predict the outconme of an auction. A common assunption would be
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that using a RNNE nodel to predict the outcone would
underestimate the winning bid. One mght then introduce risk
aversion to correct for this. Qur results would suggest that
this would increase the prediction error rather than decrease it,
at least if information costs are significant. |In fact, a

predi cti on somewhat bel ow the RNNE m ght be nobst appropriate.

VI . CONCLUSI ONS
W can now sunmari ze our mai n concl usi ons:

1. The predictions of the Ri sk-Neutral Rational Expectations
(RNRE) nodel about the proportion of bidders who acquire
information are highly consistent with the results
obtai ned in our experinent.

2. The predictions of the nodel concerning the winning bid
are consistent with the novenent in the actual w nning
bid, but they underestimate its actual |evel.

3. In our sanple, the proportion of bidders buying information
is particularly sensitive of changes in the nunber of
bi dders and costs. It is |less sensitive to changes in the
| evel of hypothetical ness and the distribution of val ues.

4. The proportion of information acquisition errors is
extrenely sensitive to changes in the distribution of
information costs. Specifically, the nunber of decision
errors increases systematically when the range of cost is
reduced. This is tentatively interpreted as an
overreaction in the perception of the bidders concerning
the reduction of the benefit of becomng infornmed. It
remains as a topic for further research whether this is a
systematic or a casual fact.

The second concl usi on above coincides with a famliar result
in experinental studies. That is, the actual winning bid is above

its equilibriumvalue. This result usually is found in
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experiments wthout endogenous information acquisition.? Since
t hose controversial issues have not been convincingly solved in a
sinpler framework, we will not presune to solve themin our nore
general structure. A very brief coment will suffice here.

A usual |y adopted explanation is that the result is driven by
sone type of risk aversion in the behavior of the bidders. The
i ntroduction of risk aversion in our costly information framework
mght be a little tricky because, in spite of inproving the fit
of the wwnning bid, it is also likely to worsen the fit of the
proportion of infornmed bids. The reason is that risk aversion
woul d i ncrease the bids of infornmed bidders, but it would al so
i ncrease the (insurance) benefit of being well infornmed, driving
p dowmn. A closer treatnent of the problemwould require
reworking the costly information nodel introducing explicit risk
aversion. Qur current viewis that risk aversion should be
consi der as an explanatory el enent, but we are not so sure that
it can provide a conplete solution of the riddle. That is
material for further research

In general, the results of this paper should be considered as
basi cal | y suggestive, wthout further presunptions given the
limtations of the data. However, we hope that our experinent
represents a convenient framework to anal yze, through

experinmental settings, the fundanental issue of information

®  see Kagel (1995) for a discussion.
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acquisition and its relation wth biddi ng behavi or.
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TABLE 1

STRUCTURE OF THE AUCTI ONS

(a) First set: Changi ng Range of Private Val uations
Auctions | V, Vy G of Hypot he- | Bi dders
tical per
Level Auction
1 0 100 0 60 0 15
2 0 200 0 60 0 15
3 0 300 0 60 0 15
4 0 500 0 60 0 15
(b) Second Set: Changi ng Range of Information Costs
Auctions | V, Vy G of Hypot he- | Bi dders
tical per
Level Aucti on
4 0 300 0 130 0 15
5 0 300 0 30 0 15
6 0 300 0 15 0 15
7 0 300 0 5 0 15
c) Third Set: Changing the Level of Hypothetical ness
Auctions | V Vy G G Hypot he- | Bi dders
tical per
Level Aucti on
9 0 300 0 30 10% 15
10 0 300 0 30 40% 15
11 0 300 0 30 60% 15
12 0 300 0 30 90% 15
(d) Fourth Set: Changing the Nunmber of Bidders
Auctions | V Vy G G Hypot he- | Bi dders
tical per
Level Aucti on
13 0 300 0 60 0 13
14 0 300 0 60 0 9
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W NNI NG BI D AND PROPORTI ON OF UNI NFORMED BI DDERS

TABLE 2

Auct i on p® p* B® B*(*)
1 0.87 0. 80 54. 63 97
2 0.81 0. 88 117.73 158
3 0.76 0.76 187.70 276
4 0.71 0.64 330. 31 486
5 0.84 0.84 169. 29 200
6 0.69 0.72 202. 26 292
7 0.59 0.52 219. 07 282
8 0.40 0.64 240. 55 239
9 0.70 0.72 200. 32 251
10 0.76 0. 96 187.70 246
11 0.79 0. 96 180. 97 210
12 0.91 0.84 154. 48 293
13 0.75 0.81 182. 50 232
14 0.70 0.71 173. 90 249
15 0.63 0.72 166. 52 237
16 0.50 0.25 156. 29 222
(*) Conput ed as the average of the wi nning bids of the two
experi nent sessions.
NOTE: The superscripts "s" and "e" denote the sanple

equi | i brium val ue,

respectively.
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TABLE 3
TEST OF RELEVANT HYPOTHESES

(a) Equilibriump vs Sanple p

Esti mat ed St andard

Vari abl e Coefficient Error t-statistic
Constant .067900 . 175291 . 387357
pe . 934584 . 241871 0. 27000(*)

F-statistic = 0.26790(**)

R-squared = .516079

Dur bi n- Wat son statistic = 1.86211

Vari ance of residuals = .015617

Std. dev. of dependent variable (p°) = .173550
Nunber of observations = 16

(b) EquilibriumB vs Sanple B

Esti mat ed St andard

Vari abl e Coefficient Error t-statistic
Constant 19. 3998 32.5789 . 59547
pe 1. 25149 . 1704 1.47530(*)

F-statistic = 24.68142(**)

R-squared = .7937

Dur bi n- Wat son statistic = 2.2717

Vari ance of residuals = .1448.63

Std. dev. of dependent variable (B°) = 80.9699
Nunber of observations: 16

(*) For H: b =1

(**) For H: a =0, b = 1.

NOTE: The superscripts "s" and "e" identify the sanple and
equi li brium val ue, respectively.
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TABLE 4
GOODNESS- OF- FI T TEST

Auct i on ?

.29
.00
.21
.18
.00
.18
.16
16 (%)
.67
.51
.51
17 (%)

OCO~NOOUITA,WNE
OFRPFPNPMPOOOOORLRO

el
NEF—O

(*) Hois rejected at 10%1 evel
of significance.

TABLE 5
TEST OF HYPOTHESI S J; # 0. 20

Deci si on
Aucti on Errors

1 5
2 6
3 7
4 4
5 4
6 8 (%)
7 10 (*)
8 12 (*)
9 5
10 4
11 1
12 3

(*) Hois rejected at 10%1 evel
of significance.
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TABLE 6
CORRELATI ON BETWEEN VALUES AND BI DS
FOR | NFORMED BI DDERS

Nunmber of
Aucti ons ? bs.

. 99
. 89
. 88
. 85
. 87
.97
. 56
.91
.71
2 0.99 4
4 0.99 4

PRPOO~NOUITRARWNE
eleolojololololeNe
~NOPRP~NPROO WO
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TABLE 7
SUMVARY OF RESULTS BY SETS OF AUCTI ON™

(a)
Set 1: Changes of Val ues Range
Auction V, p* p® | nf ormati on
Acqui sition
Errors(%
1 100 0. 80 0. 87 0. 20
2 200 0. 88 0.81 0. 16
3 300 0.76 0.76 0.28
4 400 0. 64 0.71 0.16
(b)
Set 2: Changes of Costs Range
Auction V, p* p® I nf or mati on
Acqui sition
Errors(%
5 130 0. 84 0. 84 0. 16
6 30 0.72 0. 69 0.32
7 15 0.52 0.59 0. 40
8 5 0. 64 0. 40 0.48
(c)
Set 3: Changes of Hypothetical Level
Auction a™ ps pe | nf or mati on
Acqui sition
Errors(%
9 10% 0.72 0.70 0. 20
10 40% 0. 96 0.76 0. 16
11 60% 0. 96 0.79 0. 04
12 90% 0. 84 0.91 0.12
(d)
Set 4: Changes of Nunber of Bidders
Auction Bidders o p® | nf or mati on
per Acqui sition
Auction Errors(%
13 13 0.81 0.75 0. 32
14 9 0.71 0.70 0. 29
15 6 0.72 0. 63 0. 33
16 3 0. 25 0. 50 0. 20

(*) The last colum refers to the ratio (Information acquisition
errors)/
(total nunber of bidders in the auction.)
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(**) a denotes the | evel of hypotheticalness; i.e., the probability that
the sale is not consunmated after the bids have been presented.
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TABLE 8"
DECI SI ON ERRORS BY GROUPS

G R OU P S

Aucti on 1 2 Total
5 3 1 4
6 4 4 8
7 4 6 10
8 4 8 12

(*) Goup 1 is composed of the bidders who buy information when they "shoul d' not
do so; group 2 is conposed of the bidders who do not buy information when they

"shoul d" buy it.
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FI GURE 1
STRUCTURE OF THE EXPERI MENT
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FI GURE 2
EQUI LI BRI UM AND SAMPLE PROPORTI ONS OF
UNI NFORVED BI DDERS
PER AUCTI ON
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FI GURE 6
VALUES AND BI DS OF
| NFORMVED BI DDERS
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