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ABSTRACT

One of the most controversial questions facing our economy and society in re-
cent years is the question of affirmative action. The debate centers around an issue
of minority representation in which the rights of the majority are depicted as being
compromised by affirmative action programs set up to increase the welfare of minori-
ties. Implicit in this discussion is the assumption that all affirmative action programs
must be cost increasing. This result, it is claimed, follows trivially from economic
theory since any interference into the competitive process which prevents the most
capable from being chosen must be wasteful and costly.

In this paper we challenge this implicit result by demonstrating that price-preference
auctions, in which high cost minority firms are given preferential treatment in the
awarding of contracts, can be programs that both enhance minority representation
and are cost effective in that they decrease the cost of government procurement. In
this paper we ask: If a government agency has instituted a price-preference policy
in an effort to give preferential treatment to a particular subset of contractors, what
effect would this price-preference policy have on the cost of government purchasing?
In particular, is it possible that such a policy might not only benefit that subset but
actually lower the purchasing cost of the government as well? We answer this question
in the affirmative both on theoretical and empirical (experimental) grounds®.

Keywords: Affirmative Action, Auctions, Experiments
JEL Classification: C92, D44

1The authors would like to express their thanks to Huagang Li for his computational assistance.
We would also like to thank J.P. Benoit, and John Riley for sharing his BIDCOMP? program with
us. In addition, the research assistance of Jia Lu Yin, Gautam Barua, and Jeff Davis is gratefully
acknowledged as is the financial assistance of the C.V. Starr Center for Applied Economics at New
York University.



1. Introduction

One of the most controversial questions facing our economy and society in recent years
is the question of affirmative action. The debate centers around an issue of minority
representation in which the rights of the majority are depicted as being compromised
by affirmative action programs set up to increase the welfare of minorities. Implicit
in this discussion is the assumption that all affirmative action programs must be cost
increasing. This result, it is claimed, follows trivially from economic theory since any
interference into the competitive process which prevents the most capable from being
chosen must be wasteful and costly.

In this paper we challenge this implicit result by demonstrating that price-preference
auctions, in which high cost minority firms are given preferential treatment in the
awarding of contracts, can be programs that both enhance minority representation
and are cost effective in that they decrease the cost of government procurement. In
this paper we ask: If a government agency has instituted a price-preference policy
in an effort to give preferential treatment to a particular subset of contractors, what
effect would this price-preference policy have on the cost of government purchasing?
In particular, is it possible that such a policy might not only benefit that subset but
actually lower the purchasing cost of the government as well? We answer this question
in the affirmative both on theoretical and empirical (experimental) grounds.

Such a result is not without precedent, however. In the theoretical literature on
asymmetric auctions (see, Maskin and Riley (1995)) and the optimal auction literature
(see, Myerson (1981)) it has been known for quite some time that in asymmetric
auctions in which firms draw their costs from different probability distributions, it is
optimal to not always award the good to the lowest cost firm. In fact, in a paper on
international trade, McAfee and McMillian (1989) ask a question identical to the one
investigated here and demonstrate that a price-preference can be cost effective. Our
analysis follows theirs closely.

In the experimental literature, a similar question was asked previously in the con-



text of economic tournaments by Schotter and Weigelt (1992) where it was found that
in situations where historical discrimination was severe, affirmative action programs
which favor high cost workers or workers who, because of previous discrimination, have
a higher cost of effort than their privileged counterparts, actually increase the effort
levels of both minority and majority workers and hence the output of the enterprise
in which they work.

What we find in our experiments is that the imposition of a price-preference rule
can lead to both an increase in minority representation and cost effectiveness if the
degree of price-preference is chosen correctly. By this we mean that in our experi-
mental auction in which a 5% price-preference was used, the cost of purchasing for
the laboratory auctioneer decreased while at the same time the frequency with which
high cost (minority) firms won a contract increased. For the auctions run using a
10% or 15% price preference this was not the case. In those auctions, while there was
an increase in minority representation, it came at a cost of higher purchasing prices
for the laboratory auctioneer. These results are in accordance with theory however,
indicating that if a government purchasing agent has some accurate prior information
about the distributions from which the cost of buyers are drawn, then it might be
possible to choose a price-preference which will be cost effective. A note of caution
must be raised, however, since choosing the wrong price-preference rule may reverse
this result.

In this paper we will proceed as follows. In Section 2 we will review the need
for experiments in answering the question posed above. In addition we will review
the incidence of price-preference auctions among government agencies as well as the
empirical work in the field. Section 3 presents the theory that underlies these experi-
ments while in Section 4 we present our experimental design and presents the results

of our experiments. Finally, in Section 5 we offer some conclusions.



2. Price-Preference Auctions — The Need for Experiments and

Their Use in Practice.

2.1. Using Experiments

The main advantage of using laboratory techniques is that the laboratory offers an
opportunity to analyze controlled changes in circumstances and parameters which is
not available in the analysis of field data. For example, take the question asked above.
In order to answer this question correctly an investigator would have to be able to
discover how a bidder changed his or her behavior in response to an introduction of
price-preference rules. To understand this process it would be necessary to know the
true costs of bidders and then be able to also observe their bid on any contract. In
addition, the contract being offered for sale would have to be held constant so as to
allow the investigator to compare bids on identical projects under different sets of
auction rules. In the real world little of this is possible. While bids are observable
costs are not. If costs could be observed, there would be no need for an auction since
the purchasing agency could simply add a reasonable profit percentage on to the cost
of the lowest cost firm and award the contract at that price. In addition, the contracts
let for bid are many times not identical and not bid for by the same set of contractors.

Hence, field data does not present us with the opportunity to make the type of
controlled comparisons we would like and more indirect methods would have to be
employed. In addition, simulations of the type performed by McAfee and McMil-
lian(1989), while informative about the cost effectiveness of auctions with perfectly
rational bidders using equilibrium bid strategies, tell us little about the way real bid-
ders, who use rules of thumb that are less than perfectly rational, might behave. The

laboratory allows us to get information about real bidders in a controlled setting.

2.2. The Incidence of Price-Preference Auctions

Price-preference auctions, of one form or another, have been a common feature of the

American economy for many years. A number of surveys have been conducted by



the National Institute of Governmental Purchasing (NIGP 1993) and the National
Association of State Purchasing Officials (1994) whose purpose is to summarize the
purchasing practices of various governmental agencies. The results indicate that 2%
of the 402 Federal, State, City, and administrative bodies responding indicated that
they used minority price-preferences in their procurement programs. In fact, of all
minority preference programs existing about 8% are price-preference programs with
the remainder split between set aside and goal based programs. Probably the most
famous use of price-preferences, at least for economists, has been their use in the
recent FCC auction of radio spectrum licenses. In setting up this auction the gov-
ernment’s concern for minority representation led it to devise a preference program
where minority and women owned firms (“designated entities”) were given a 40%

2. Further, of the 50 states, 15 had some form of in-state price

bidding preference
preference program with percentages ranging from 2% to 5%. On the Federal level
there is a long history of the Buy-American purchasing preference program (starting
with the Buy-America Act of 1933) with price-preferences ranging from 6% to 12%.
On defense contracts, however, the price-preference can be as high as 50%. Because
these price-preference programs are seen as creating substantial barriers to trade, ei-

ther among the states or across nations, they have been challenged and studied a fair

amount.

2.3. A Review of the Empirical Literature

Despite their common use, we are not aware of any study which investigates the pro-
curement cost consequences of minority price-preference auctions except for the recent
investigation by Ayres and Cramton (1996, forthcoming) of the FCC auction data.
The reason for this lack of attention is that in all of the studies we have seen which

mention price-preference programs, it has been assumed that these programs are put

2In authorizing these auctions, Congress required the FCC to “ensure that ... businesses owned
by members of minority groups and women are given the opportunity to participate in the provi-
sion of spectrum-based services, and for such purposes, consider the use of tax certificates, bidding

preferences, and other procedures.” U.S.C. 309(j)(4)(D).



in place strictly for minority representation purposes with the tacit assumption that
higher purchasing costs for the government will inevitably result. These programs,
like minority set-aside programs, are assumed to be anti-competitive because, by of-
fering one set of economic agents an artificial advantage, they are seen as diminishing
competition. When minority preference programs are discussed, the attention tends
to focus on set-aside programs and the surrounding discussion of disparity studies
done to justify them. (See LaNoue (1994) for a survey of the issues relating to dis-
parity studies and Clegg (1993) for a discussion not only of disparity studies but also
of the theory of discrimination and how it relates to price-preference programs.).
While little attention has been focused on minority price-preference programs,
there has been some research on the related (and theoretically identical) issue of
State-Preference and “Buy-American” programs of State and Federal purchasing au-
thorities. When studying State and Federal price-preference programs, there seems
to be an implicit ad hoc methodology hinted at of simply taking all contracts awarded
by an in-state preference and estimating the cost of the preference as the difference
between the lowest bid and the actual price that the contract was awarded. This
view of what industry seems to think of as the cost of a price-preference program is

summarized by Jordan (1978):

“The major effect of such laws is to increase the cost of government.
Indeed, an obvious cost is any amount which must be paid in excess of

the lowest bid from non-residents.” (Jordan (1978), page 215).

This naive approach does not , however, consider the effect of the price-preference
rule on bidding behavior. For example, consider a procurement auction in which one
minority firm and one non-minority firm participate as partially represented by Table
2.1. The minority firm can draw either costs x or y with equal probability. Likewise,
the non-minority firm can draw either costs w or z with equal probability. Assume
w<<y<z<wz

Take the case when the minority firm draws y and suppose its equilibrium bid when



drawing this cost in a no-preference auction is $94, while in a 10% preference auction,
with the minority bidder receiving the preference, its equilibrium bid is $962.Suppose
that the non-minority firm draws a cost of z and that its equilibrium bid when draw-
ing this cost in a no-preference auction is $93 and in a 10% preference auction is
$90. Therefore if the purchasing authority was using the 10% preference rule, the
minority firm would win the auction at a price of $96 since $96 < 1.1x$90. Thus, the
above mentioned methodology would claim that the cost of using the 10% preference
would be $96-390=8%6. This approach, however, ignores the fact that if instead the
purchasing agency had implemented a no-preference auction the non-minority firm
would have won the contract, but at a price of $93, not the $90 it bid in the 10%
preference auction. So actually in this case the cost of the preference is only $3

If we then assume that when the non-minority firm draws cost w it bids $90 in
the no-preference auction and $86 in the 10% preference auction, when the minority
firm draws cost y the non-minority firm will win in the no-preference auction with a
price of $90 and will also win in the 10% preference auction with a price of $86. Thus,
in this case, the preference rule actually saves the purchasing agency $4. Finally, if
we assume that the equilibrium bids of the minority firm when it draws cost x are
such that it does not win in either auction form no matter the cost draw of the non-
minority firm we can see that the imposition of the 10% preference rule would save
the purchasing agency $3 if the non-minority firm drew cost z, as it would lower its
winning bid from $93 to $90, and again save $4 if it drew cost w. Therefore, the
actual expected cost to the government of imposing the 10% preference rule is not
the (i)$6 = $1.5 as predicted by the ad hoc methodology but is rather (1)($3 - $4 -
83 - $4) = -$2, or an expected savings of $2

3This example is constructed to show in the simplest possible way how price-preferences affect
bidder behavior and thereby procurement costs. While space considerations prevent us from pro-
viding a full model from which such equilibrium bids might arise, the behavior of both bidders in
response to the introduction of a price-preference is consistent with the type of response theory
dictates.



Table 2.1
Example Auctions’ Procurement Cost Comparisons

Given Minority Bidder Draws Cost y

0% Preference | 10% Preference

Non-Minority Draws z (Pr = 3)

Minority Bid $94 $96

Non-Minority Bid $93 $90

Naive Cost of Preference = $96 - $90 = $6
Real Cost of Preferenece = $96 - $93 = $3

Non-Minority Draws w (Pr = 3)

Minority Bid $94 $96

Non-Minority Bid $90 $86

Naive Cost of Preference = $86 - $86 = $0

Real Cost of Preference = $86 - $90 = -$4

Expected Cost of Preference Given Minority Draws y = $($3 — $4) = —$.50

Though this example is a bit simplistic, it points out two flaws in the naive, ad
hoc approach: First, when a favored high cost firm wins due to a preference, the
cost of the preference is overstated. Second, this naive approach does not account at
all for the fact that when the low cost firm wins a positive preference auction, it is
winning with a lower bid than it would have made in a no-preference auction, thus
actually saving the purchasing agency money. Most of the literature on this topic
seems to ignore these effects of a price-preference rule on bid behavior. While the ad
hoc approach might be an appealing assumption to make in large world markets, it
is clearly inappropriate for the thin auction markets typically found for government

contracts?.

4Using a fixed, world-market price assumption, Lowinger(1976) does an analysis to measure the
implicit tariff defined by the “Buy-America” program. He calculates an implicit tariff of between



3. Some Theory

3.1. Optimal Auction Design

From a theoretical point of view it should not be surprising that price-preference
programs, in which the lowest cost producer is not awarded the contract, can reduce
the cost of purchasing for the government. This is the standard result derived for
asymmetric auctions. For example, the theory of optimal auction design as outlined
by Myerson (1981) and applied to a setting almost identical to the one studied here by
McAfee and McMillian ® clearly indicates that under the optimal auction mechanism
the lowest-cost bidder is not always awarded the good. More precisely, consider a
model where there are ny firms of type 1 and nsy firms of type 2. Types differ by
the distributions from which they draw their costs with type 1 firms drawing their
costs from a continuously differentiable distribution function Gy and firms of type 2
drawing their costs from a similar distribution function Go. Letting ¢! and ¢, i = 1,
2 be the lowest and highest per unit costs respectively of firms of type 7, define c;4,
as the cost draw of the j¢" firm of type i, such that ¢} < ¢;; < cf. Finally, define

Gilcij)

G=1, e ngi = 1,2 3.1
gi(c,ij) ( )

Ji(cij) = cij +

which is a scalar that can be derived by an auctioneer knowing only the distribution
function G;(c;;) and the cost of firm ¢ of type j. c¢;;, however, will be revealed at the
equilibrium of the optimal direct mechanism. Myerson (1981) has demonstrated the
optimal direct mechanism involves bidders submitting their costs and the contract
being awarded to that bidder with the lowest J;(c;;) at a price determined by the bid
of his competitors. Note, however, that because of the differing distribution functions
G, it is possible for the lowest cost producer, i.e. that firm with the lowest c;; not

to receive the contract and hence it can be optimal to discriminate against the low

26% and 43%. Of course, as stated above, in price-preference auctions such a fixed price assumption
is not appropriate.
5For an intuitive explanation of the theory see Bulow and Roberts (1989).



cost firm©.

McAfee and McMillian (1989) investigate this identical problem in an international
trade context. For them, the two types of agents in the model are domestic and
foreign firms which have different cost distributions. Optimal discrimination involves
the existence of a discrimination function z(c¢;) which the government uses to compare
the costs of domestic and foreign firms. More precisely, a domestic firm with cost ¢;
will be designated a winner against a foreign firm with cost ¢g if z(¢;) < ¢g. The price
paid will be that of the low cost firm. If for some ¢, z(¢) < ¢, then the foreign firm
will be said to be discriminated against and the contract could go to the firm with
the highest cost.

To construct the optimal discriminatory policy or z(¢) function, we need to choose
z(c) such that Ji(c) = Ja(2(c)) since this z(c) gives that discrimination level consis-
tent with the optimal auction allocation rule. In the case where both distributions
are uniform, and related by ¢, = ¢(c!) and ¢} = 9 (c}), 0 < ¢ < 1, the optimal dis-
criminatory rule adds a (negative) constant term to the costs of the favored class of
firms (See McAfee and McMillian (1989) Corollary 5). In fact, in these circumstances
the optimal policy yields the following simple rule:

) !

G~ C

2

z(c) =c+ (3.2)

Note that the constant added to the cost reported by any firm in the optimal
discriminatory auction is merely a function of the lower bounds of their two distribu-
tions. As we will see later using our experimental data, the region between these two
values is critical for the cost of government purchasing in the face of price-preference
rules. More generally z(c) < c if and only if %% is strictly decreasing in c. (McAfee
and McMillian (1989) Theorem 3).

6To implement this auction, the following procedure is used: 1) Have each bidder announce his
true cost. 2) Translate each bidder’s cost via his J function. 3) Award the contract to the bidder
with the lowest J, call it Ji, at a price determined by taking the second lowest J, call it Ja, and
paying the winner the amount J; 1(.]2), which is equivalent to the cost the winner would have had
to have to have J; = Ja. Note that truth telling is optimal in this auction form.

10



3.2. Price-Preference Auctions

While price-preference auctions in which a percentage preference is given to one type
of bidder is not an optimal auction form, we study such price-preference rules in this
paper because they are the empirically relevant auction form used by governments.
While not optimal, it is possible, however, that by choosing the right preference
percentage a government might be able to reduce its cost of purchasing”. The reason
why this occurs is simple. Price-preferences, while accused of being anti-competitive,
actually increase competition among the set of firms of which the government wants
to spur competition — the low cost firms. To understand why price-preferences work,
consider an auction with 2 high cost firms and 4 low cost firms. By low cost and high
cost we mean that the low cost firms draw their costs from a uniform distribution with
support [c!, ¢"] while the high cost firms draw their costs from a uniform distribution
with support [Acf, A\c"] where A > 1. Note the asymmetry in the situation. While
high cost firms face one other high cost firm and four low cost firms, low cost firms
face three other low cost firms and two high cost firms. In other words, low cost firms
face less competition than high cost firms. When price-preferences are instituted, it
makes high cost firms look more like low cost firms and as a result of this increase in
“effective” competition, the low cost firms bid more aggressively, i.e. they bid closer
to their cost. While, by analogy, high cost firms now face less competition and hence
bid less aggressively. If the preference is chosen correctly, the reduction in bids by
low cost firms (the firms who are more likely to have lower costs of production) more
than compensates for the increased bids of high cost firms.

To see this more formally, assume that there is a single contract to be awarded in
a price-preference first price auction. Let N = {1,...,n} be the set of bidders for this
contract. A subset containing k& < n of these bidders are assumed to be of type A. The

rest of the bidders are of type B. Each bidder privately draws an individual-specific

"Especially in the uniform distribution case, price-preference rules might be quite successful in
approximating both the allocation and purchasing costs of the optimal auction.
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cost, ¢, of fulfilling the contract® from their own type-specific probability distribution
over costs, G;(.),1 = A, B. G4(.) is be assumed to be a continuous, differentiable
distribution, defined over the interval [¢;, &), ¢ = A, B, with density function g;(.).
It will be assumed that ¢4 > ¢g and ¢4 > cp, so type A bidders will be the high
cost bidders. Each individual bidder knows his own type, how many bidders of each
type are present, his own private cost draw, and the distributions of costs faced by
all other bidders.

Given the assumptions on the supports of the cost draws for each type, if it is true
that for any given cost, c, in either support, Hg(c) > H4(c) where

gi(c)
Hi(c) = -G

(3.3)
then bidders of type B have a cost advantage over bidders of type A. In other words,
given any cost level, ¢, contained in either interval, there is a higher probability that
a bidder of type B will draw a cost lower than ¢ than of a bidder of type A drawing
a cost lower than c.

What separates the price-preference auction from the simple asymmetric case is
that bidders of type A are given a bidding advantage in the auction for purposes
of awarding the contract. After all bids are submitted, the auctioneer adjusts all
type B bids by multiplying them by one plus the amount of the preference (we will
denote this sum as 6) to form the comparison bids for bidders of type B. The bids
of type A remain unchanged for purposes of comparison, so for all type A bidders,
the submitted bid and comparison bid will be identical. The bidder who submits
the lowest comparison bid will then be awarded the contract at a price equal to his
submitted bid. Therefore, the adjustment procedure only determines of the winner of

the auction and does not affect the ex-post payoff of the winner.

8We drop subscripts for simplicity.
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3.3. Equilibrium Bid Functions

To be able to find the equilibrium bid functions of the two types, one must prove
that the bid functions are monotonically increasing and that they are defined over a
closed and bounded interval. Once these two facts are established, it follows that the
bid functions are differentiable almost everywhere on that interval. Differentiability
allows us to take the first order conditions for optimization of expected profits for
both types. Solving these two equations simultaneously yields the equilibrium bid
functions of each type. Since the proofs of these two pre-requisites are easily available
elsewhere® we will simply proceed by assuming monotonicity for the bid functions as

well as differentiability.

3.3.1. First Order Conditions for Optimization

The problem facing a bidder ¢ of type A is to maximize expected profits given his cost

draw, c¢;. This can be written as
mgmx(b —¢;)Pr(b<b; Vjec A)Pr(b < 0b, Vk € B) (3.4)

We do not know the distributions of bids for the types, but we do know the
distributions of costs and that the bid functions are strictly monotonic. Therefore,

we can define the inverse bid functions for both types as
yi(b))=¢;, j=A,B,i€j
We can rewrite the optimization problem facing a member of type A as
max(b — ¢)(1 = Ga(ya (b)) (1~ GB(yB(g)))”_k (3.52)

given that there are n total bidders, k& of which are of type A. Analogously, we can

define the problem faced by members of type B as

max(b - ¢)(1 = Ga(ya())* (1 - Ga(ys(®))" (3.5b)

9For proof of differentiability, see, for example, Kolmogorov and Fomin (1970)

13



Differentiating with respect to b and after some manipulation, the first order con-

dition for members of type A is

1 9alwa®@)yu®(k-1)  g5ys(5))ys(5)(n — k) (3.68)
b—ya(b) 1~ Ga(ya() 0(1 - Gu(ys(§))) '
Similarly, the first order condition for members of type B can be written as
L ga(ya(ob)yu(0b)0k  g5(ys(d))ys(d)(n—k—1)
b=ys0) | 1-Gaa®) | 1 G(us(®) (36

We can further simplify this set of first order conditions by using the H;(-) func-

tions from equation 3.3 and write

1 — ’ by, , b.(n—k)
a0~ HAwAOA )k = 1) + Hi(ws (5)s(5)— (3.7)
1
If we assume that both cost distributions are uniform, then
L
Hi(c)=——,i=A, B
C; —C

Replacing in the above system of equations gives us

I ; B 1 , b (n—k) X
1 1 , 1
om0~ taa@n AR+ syl (0)(n k= 1) (3.8b)

It is this system of differential equations that needs to be solved, given appropriate
boundary conditions, to yield the symmetric, within-type equilibrium bid functions.

The upper boundary conditions of the system for both type A and type B firms
can be determined analytically and can serve as terminal conditions to pin down the
equilibrium bid functions. Let b = b(¢4) and by = b(¢g) be the equilibrium bids for
type A and type B , respectively, when ¢4 and ¢g are drawn. Consider two cases:
Case 1, ¢ > ¢4, and Case 2, 0cg < ¢4. We will demonstrate that the upper bounds
for the system in Case 1 will be b 4 =bs =4 and b B = %A. An analogous argument,

left to the reader, demonstrates that in Case 2 ZA)A = fcg and BB =bg =¢g.

14



Assume that Case 1 is true, a firm of type A draws cost ¢4, and that in equi-
librium any firm, regardless of type, drawing a cost whose associated bid has a zero
probability of winning will bid its cost. Submitting a bid below ¢4 cannot be part
of an equilibrium bid function since such a bid results in a negative expected profit.
Bidding strictly above ¢4 also cannot be part of an equilibrium due to within-type
competition between members of type A since it would result in each firm of type
A having incentive to lower its maximum bid in the direction of ¢4 , thus gaining
positive expected profits. Hence, within-type competition establishes by = ¢4 in Case
1 for type A firms. In addition for all ¢4 < €4, b(ca) > c4 since setting b(ca) = ca
implies zero expected profit while bidding strictly above cost can result in a positive
probability of winning and hence positive expected profits. Firms of type B, recogniz-
ing the value of the maximum bid of type A, will know that any bid greater than %A
will lose with probability one. Hence by assumption, for all cost realizations greater
than %A bidders of type B will bid their cost. Thus, in Case 1 bg = %A and by = ¢4.
Case 2 can be solved for in an analogous manner.

As with most systems of nonlinear differential equations, it is not possible to find
a closed-form solution for the inverse bid functions, and thereby for the actual bid
functions themselves. We used the algorithm of Riley and Li(1993) to numerically

solve for the equilibrium bid functions in our auction?.

4. Experimental Design

The experiments performed were a straight forward implementation of a price-preference
auction. Students were recruited by announcement in undergraduate economics classes
during the Summer and Fall of 1995. Volunteers were told to come to a classroom
that was reserved for the experiment. Upon arrival six students were then randomly

selected for each experimental session. Then the subjects were randomly assigned

10Here again let us take the opportunity to thank Huagang Li for all of his time and effort in
helping us use this algorithm and for the actual time he took in working on this problem.
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to be either a type A or a type B bidder. Type B bidders drew their costs in any
round of the experiment from a uniform distribution with support [100,200]. Type A
subjects drew their costs from a uniform distribution with support [110,220]. Hence,
type A subjects were high cost bidders while type B subjects were low cost bidders.
There were 4 type B bidders and 2 type A bidders.

After subjects read the instructions and had them read out loud by the experimen-
tal administrator, any questions the subjects had were answered and the experiment
began!'!. In the beginning of each round of the experiment (there were 20 rounds in
all) an experimental administrator walked around the room with two bags of chips
marked A and B. In each bag was a number of chips representing uniform distri-
butions for the integers in the supports of the two types of distributions. The bag
identities were hidden from the subjects so that no one in the room knew who among
them was a low or high cost type. If a subject was an A type, the administrator
would give him or her the A bag and he or she would pull out a chip with a number
written on it. This number would be the cost for the subject in that round.

After a cost was drawn, each subject would record that cost on his or her worksheet
and then take out one of their 20 bid slips upon which they would write their bid.
These bids were then collected by the experimental administrator and then depending
on the rules of the auction run, a winner would be determined. The experimental
administrator would then write on the blackboard the number of the subject who
had won, the price he or she won at, and whether that subject was an A or B type.
(Actually subjects numbered 1 or 2 were A types while those numbered 3, 4, 5,0r 6
were B types). Subjects would then record their payoffs and the next round would
start in an identical manner. In each experiment there were 20 rounds and the final
payoff to subjects was the sum of their payoffs over the entire 20 round history of the
experiment. Subjects were paid at the end of the experiment and dismissed. A post-

experimental questionnaire was also administered in 13 out of the 20 experimental

Hinstructions for the 10% preference experiment are contained in the Appendix to this paper.
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sessions run. The results of this questionnaire are available upon request from the
authors.

Four different experiments which differed only with respect to the rules used were
run. In other words, in all experiments the number of A and B types remained the
same, as did the supports of the cost distributions, etc. The preference rules used were
a 0%, 5%, 10%, and 15% preference for type A. For any x% preference rule greater
than 0%, after the bids were submitted the bids of the B types were increased by x%
before any comparison of bids was made. The lowest post-preference bid was then
awarded the contract at the price of the submitted bid and the experiment proceeded
to the next round. Subjects were paid $5.00 for showing up and average payoff for
the one hour experimental session was $10.03. Motivation was quite high. Table 4.1

describes our design.

Table 4.1
Experimental Design
Preference Number Number of
Types Costs
Experiment of Groups Subjects
2 A-Types ca € (110,220
0% . Yp A€ | ] 10
4 B-Types cp € [100,200]
2 A-Types caq € 110,220
5% . Yp A€ | ] 10
4 B-Types cp € [100,200]
2 A-Types caq € 110,220
10% 5 P acl ] 30
4 B-Types cp € [100,200]
2 A-Types € [110,220
15% 5 P ca€ | ] 30
4 B-Types cp € [100,200]

Our discussion of the experiment’s results will be broken into two sections, one
dealing with the original policy question asked and another dealing with more the-
oretical issues. In our first section we will investigate the representation question of

whether the imposition of a price-preference rule increased the likelihood that a high

17



cost firm would win an auction. We will also be concerned with whether the imposi-
tion of a price-preference rule increased cost effectiveness and which price-preference
rule resulted in the lowest cost of purchasing for the auctioneer (experimental admin-
istrator).. In the second section we will investigate how well the theory of auctions
predicted the behavior of the subjects and how behavior changed over time as the

auctions were repeated with the same set of subjects.

4.1. Auction Performance: Does Price Preference Decrease Cost and In-

crease Representation of High Cost Firms

In general, the institution of an appropriate price-preference rule can not only decrease
the cost of government purchasing but also raise the probability that a high cost firm
will win an auction. In short, if the price-preference rule is chosen correctly one can
obtain increases in both cost effectiveness and representation of high cost firms. The
descriptive results of the experiment are shown in Table 4.2 which we will use to

discuss both the representation and procurement cost outcomes of the experiment.
Table 4.2 Here

In this table we list the number of winners of each type in the four auctions
run (Winners) and the associated percentage of type A winners (Type A Win %),
the theoretically predicted percentage of type A winners (Theoretical Type A Win
%) for comparison, the number of type A that won because of the preference rule
(Wins by Preference), the average cost drawn by winning subjects in each (Avg. Cost
Winners), the average bid entered by these winners, (Avg. Bid Winners), as well as
the average profit realized by these winning bidders (Avg. Profit Per Unit). We also
list the average price paid by the auctioneer to purchase goods in each auction (Avg.
Observed Price) and the theoretically predicted expected purchase price (Theoretical
Price). Finally, as we describe later, we present two estimates of the cost of these
price-preference rules. One estimate, what we call the naive estimate (Naive Cost of

Preference), uses the standard methodology and simply takes the difference between
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the price paid by the auctioneer when the price preference is invoked and the lowest
bid entered for that good and averages these costs over all good sold. The second,
(Actual Cost) incorporates the fact that bidding behavior changes when we change

the biding rule as described above.

4.2. Representation of High Cost Firms

Discussing representation first, we see that as the price-preference given to high cost
firms increases, the fraction of contracts awarded to them increases from 12% in
the 0% or no-price-preference auction to 43% in the 15% preference auction. More
importantly, however, it appears that as the price-preference is increased, it becomes
responsible for more and more of these wins, as it turns what would have been losing
high cost bidders under lower preference regimes into winners. For example, while
10/22 or 45.4% of the type A winners in the 5% experiment won because of the
price preference 63.6% of the wins for type A subjects in the 10% experiment were
the result of the preference rule. The fact that the percentage falls from 63.6% to
53.4% in the 15% case is likely the result of the cost realizations occurring in the
15% experiment where, at least in one experiment, the cost realizations for the low-
cost B types were particularly high. Hence there is little dispute that at least in
our laboratory setting, price-preference rules increase the probability that high-cost

(minority) firms win contracts.

4.3. Procurement Cost

While on the surface it might appear easy to present evidence supporting the idea
that price-preference auctions increase cost effectiveness, it is actually slightly com-
plicated. The problem is that cost realizations across experiments differ, and hence
the cost of purchasing for the laboratory government might be more reflective of these
cost differences than differences in the bidding behavior of subjects. For example, if
subjects in the 5% price-preference auction happened to have drawn a skewed set of

cost realizations that were “too high”, then even if the price-preference rule led them
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to bid aggressively, the actual costs determined by the 5% auction might be higher
than those in the 0% auction where costs were more consistent with the uniform dis-
tribution. Hence we look for a method to present our data which will purge this cost

effect and standardize our comparisons. We offer several such methods.

4.3.1. Procurement Cost Comparisons

Looking at Table 4.2 we see that the average price paid per auction in our four ex-
periments was 121.24, 119.29, 122.78, and 124.41 for the 0%, 5%, 10%, and 15%
auctions respectively. Looking simply at the average price paid per auction, the 5%
price-preference rule seems to be the best, followed by the 0% auction and then the
10% and 15% auctions. It is hard to rely on these findings as a solid demonstration
that the cost of purchasing is lowest when the 5% preference is used since as stated
above, these differences might reflect the fact that the costs drawn in this experimen-
tal auction were lower than those drawn in others and not behavioral differences in
bidding. If we could have had our subjects receive identical realizations across the 5%
and other auctions, it might have turned out that, given their behavior, purchasing
costs might have been lower with, say, a 10% price-preference auction or, more impor-
tantly, with a 0% preference. The distribution of costs drawn are shown in Figures
4.1a-b where we present the histograms of cost realizations for A and B types in our

four auctions as well as the cumulative distributions of these costs.
Figures 4.1a-b Here

As can be seen in Figures 4.1a - 4.1b, while little difference appears in the random
costs drawn by type B subjects, the type A subjects in our 0% experiment seem to
have drawn more costs in the region below 140 than did type A subjects in the other
three experiments. When this difference is tested using a Kolmogorov-Smirnov test
we see that no difference exists between the distribution of drawn costs between any

two experiments for any type!?. In other words, statistically the costs drawn came

12Kolmogorov-Smirnov Tests for Equality of Cost Distributions A-Types
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from the same population.

Despite these statistical tests, however, it is still possible that the cost of pur-

chasing differences observed were functions of the particular costs drawn in particular

experiments and not behavioral differences. As a result, in order to make the correct

comparison we asked what would the cost of purchasing be if the bidders in an auction

with an 2% price-preference rule had received the cost realization of bidders in an

auction with a y% rule and vice versa? This is exactly the comparison we make in

Table 4.3.
Table 4.3
Purchasing Cost Comparisons
Cost Cost in Cost in Cost in Cost in
Realizations 0% Auction 5% Auction 10% Auction 15% Auction
0% 121.24 119.74 121.63 123.46
5% 121.09 119.29 121.04 122.76
10% 122.9 121.60 123.60 125.78
15% 123.16 121.42 122.67 124.41

In Table 4.3 we use the bid functions for type A and type B subjects estimated

from a pooled data set in each experiment (pooled over rounds and subjects). Using

these bid functions we ask what the cost of purchasing would have been in the %

Experiment Pair

0% vs 5%
0% vs 10%
0% vs 15%
5% vs 10%
5% vs 15%
10% vs 15%

P-Value
.232
.091
187
.953
.953
.669

Kolmogorov-Smirnov Tests forEquality of Cost Distributions B-Types

Experiment Pair

0% vs 5%
0% vs 10%
0% vs 15%
5% vs 10%
5% vs 15%
10% vs 15%

P-Value
.843
.607
.334
252
131
.980
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experiment if round-by-round they would have received the cost realizations gener-
ated by the y% experiment. For example, down the first column we have listed the
experiments whose data we are to use in our calculation. Across the rows we see
what the cost of purchasing would have been had we received those cost realizations
but had subjects who were behaving according to the bid functions in the various
experiments. For example, looking at the entry in row 1, column 2 we see what the
government’s cost of purchasing would have been had the subjects in the 5% exper-
iment received the cost realizations that occurred in the 0% experiment. The cost
of purchasing for the government would have been 119.74 instead of the 119.29 it
actually was in the 5% auction. Conversely, looking at row 2, column 1, we see that
had the cost realizations in the 5% experiment been offered to the bidders in the 0%
experiment, the cost of purchasing would have increased from 121.09 to 121.24. In
other words, if we look across row 1 we find that using the cost realizations in the 0%
auction and the behavior in other auctions, the government would have saved 1.23%
if it had imposed a 5% preference on bidders while it would have cost it .3% to use a
10% preference rule and 1.79% if it had used a 15% preference rule. In addition, as
we know from our previous discussion of representation, not only would the 5% rule
have been cost effective but it also would have increased the percentage of contracts
going to high cost (minority) firms from 13.7% in the 0% preference case to 28.2%
when 5% was used. Interestingly, McAfee and McMillian (1989) estimate that with
the parameters used in our experiment a 4.1% price-preference rule would have been
optimal among the class of percentage price-preference rules's.

If we had used the naive approach to procurement cost here and simply taken the

difference in cost between the price paid for a contract in all those instances when the

13Because even equilibrium purchasing costs are not predicted to be dramatically different between
the 0% and 5% price-preference auctions, it is hard for the differences we observe to pass a significance
test. Still, when using the 5% data and comparing purchasing costs in the 5% and 0% auctions we
find that the difference between 119.29 and 121.09 was significant at the 5% level (p-value 0.0503).
The reverse, using the 0% data for comparison only yielded a difference significant at the 19.36% level.
A Wilcoxon test performed on the actual prices formed in the 0% and 5% auctions, unconditional
on cost realizations, shows a difference significant at the 11.68% level.
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price-preference rule was invoked and the lowest bid for that contract made by any
bidder of type B, we would have come to the conclusion that imposing the 5% rule
would have cost us .3% while the 10% rule would have cost us 1.22% and the 15%
rule 1.76%.

To demonstrate the relationship between the cost of purchasing and the price-
preference rule used we present Figure 4.2 where we place the price-preference rule
along the horizontal axis and the cost of purchasing along the vertical. Inside the
figure we plot two graphs. One is the theoretical relationship between the cost of
purchasing and the price-preference rule generated by the theory while the other is
the actual cost of purchasing determined by the experiments. What we see is that
while both curves have a common shape indicating that the 5% preference should
be the best among these four price preference rules, the actual cost of purchasing is
everywhere below the predicted cost. This fact is consistent with the fact that in all
of these experiments subjects tend to bid more aggressively than the theory predicts

(see Section 4.5 below).
Figure 4.2 Here

Another way to see if our price-preference rule is cost effective is to estimate a
bid function (pooled) for the subjects in each price-preference auction and see how
bidding behavior changes as the price-preference rule is increased. Such estimated
bid functions offer us insight into the mean bid made by subjects conditional on their
cost realization which is exactly the information we desire. These regressions were
at first run in a non-linear fashions using a second degree polynomial to fit the data.
However, since the quadratic term proved to be insignificant in all regressions run, we
will report the results only of our linear regressions.

From a policy perspective, however, we are not interested in the behavior of the
bid functions over domains where the probability of winning is close to zero (these
functions will be estimated later when we turn attention to testing the theory of auc-

tions). For example, as Table 4.2 indicates, in the 0% experiment no type A subject
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won an auction who drew a cost greater than 125 while no type B subject won with
a cost realization greater than 156. In fact no bidder of any type in any laboratory
auction run ever won with a cost realization greater than 161. (This is not strange
since the distribution of winning bids has more in common with the distribution of
the lowest order statistic than the distribution of the parent distribution). Since cost
realizations beyond these bounds were soon known to imply no chance of winning,
the behavior of bidders when these cost realizations arose is irrelevant to the policy
question posed since we do not care about bidding behavior in those regions of the
domain where winning is a low probability event. Some bidders with high cost re-
alizations bid their cost while others submitted throw-away bids of arbitrarily high
amounts. Hence, estimating a bid function using these cost-bid pairs would greatly
distort the estimated bid functions. To rectify this situation we truncated the domain
of the bid-function space to coincide with that region where the empirical probability
of winning was positive. These “truncated” regressions then contain observations for
costs drawn in the interval where at least one bidder had won an auction. Figures 4.3-
4.4 present the estimated regression lines of these truncated bid function regressions
while Tables 4.4a-4.4b and 4.5a-4.5b present the actual estimates of the coefficients

for the truncated and untruncated bid functions, respectively.
Figure 4.3-4.4 Here

As we can see from Figures 4.3 and 4.4, while the changes in bidding behavior
were subtle they do present a consistent pattern. For type B subjects the imposition
of price-preference rules leads to more aggressive bids over a substantial portion of the
range of winning cost realizations. This can be seen by the fact that the 0% auction
regression line is above those of the other auctions over the range of cost realizations
where all wining bids come from. For type A bidders the situation is more complex.
While the bid functions for the 5% and 15% auctions are initially below that of
the 0% auction, they quickly rise above it. Hence, for A types, the imposition of

price-preference rules does lead to less aggressive bidding over large portions of the

24



domain of costs!4. Still, as theory indicates, the more aggressive bidding by B types
more than compensates for this behavioral change on the part of A types. Still note,
however, that over a significant portion of the domain where winning occurs, the 5%

bid function for A types is below that of A type subjects in the 0% auction.

Tables 4.4-4.5 Here

4.4. Summary

Our representation and procurement cost results are summarized in Table 4.6. In
this table, a “plus” is placed where, when compared to the 0% auction, either the
representation of high cost firms or the cost effectiveness of an auction has increased

and a “minus” where it was decreased.

Table 4.6

Summary of Representation of High Cost Firms and Cost Effectiveness

Results
Experiment | Representation | Cost Effectiveness
5% + +
10% + -
15% + -

As we can see from this table, when the 5% price-preference is used, both repre-
sentation of high cost firms and cost effectiveness are enhanced when compared to the
no-preference (0%) rule. For the 10% and 15% rules, however, while representation
is enhanced, cost effectiveness is not.

As we noted in Section 3.2 the percentage price-preference auctions we ran are not
optimal auctions. We investigate price-preference auctions because they are the ones

most frequently used. Still, one might ask how much better the government might be

141n post-experimental surveys given subjects, 16 out of 22 B-Type subjects who participated in
experiments with positive preferences indicated that the existence of the price-preference rule led
them to bid lower than they would have if no preference existed. For A-Types, 3 of 9 subjects
indicated that the preference caused them to raise their bids.
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if it used the optimal auction form explained in Section 3.1. These calculations are
presented in Table 4.7.

As we see, in theory the optimal mechanism, by definition, gives lower procure-
ment costs for the government than does any price-preference auction. However, the
experimental price-preference auctions performed better than the optimal mechanism
would have had it been implemented using the actual cost realizations of our exper-
imental auctions. Compare the bottom two rows of Table 4.7. For example, while
the optimal mechanism predicts an expected procurement cost of 125.53 for the re-
alizations of the 5% price-preference groups, when the 5% price-preference rule was
used in our experiment the expected procurement cost was 119.29. This is clearly

attributable to the underbidding of both types of subjects in this group.

Table 4.7
Procurement Cost Comparisons:

Optimal Mechanism vs. Price Preference Rules

Procurement Cost | 0% Group | 5% Group | 10% Group | 15% Group
Theoretical

% Preference Rule 134.13 133.24 134.50 136.06
Optimal Mechanism 132.19 132.19 132.19 132.19
Actual

% Preference Rule 121.24 119.29 123.60 124.41
Optimal Mechanism* 124.97 125.53 126.49 127.70

* The costs in this row are the expected procurement costs that would
be generated had we used the optimal mechanism with the actual cost

realizations of each group.

4.5. Theory and Behavior

The theory of auctions makes precise predictions about the behavior of subjects. In

this section we attempt to examine whether the observed behavior of our subjects
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was consistent with the predictions of the theory, and if not, in what direction did
deviations occur.
Since the theory of auctions makes a prediction about the bids of subjects condi-

tional on any cost drawn, our test of the theory will consist of the regression
by = a+ /Gbp (49)

where b, is the actual bid made by a subject with a particular cost draw and b, is the
theoretical predicted bid for that cost. Clearly, if the theory predicts well, we expect
a=0and g =1.

The results of the regression run for our four experiments are presented in Tables

4.8a-b.
Tables 4.8a-b Here

As we see in Tables 4.8a-b, the theory was not supported by the regressions we
ran. More precisely, for all experiments the null hypothesis that « = 0 and § =1 was
rejected in favor of the one-tail hypothesis that a < 0 and 8 > 1 at the 5% level of
significance. These results imply that in not following the theory, bidders tended to
under bid relative to the prediction of the theory for most of the domain of costs.

To illustrate this point, consider Figures 4.5a-4.5d and 4.6a-4.6d which show the
estimated actual bid functions used by our subjects juxtaposed to the bid functions

predicted by the theory.
Figures 4.5-4.6 Here

As was demonstrated in the regression results of the actual versus predicted bids,
in all experiments the actual bid functions of our subjects were below those predicted
by the theory. In fact, this divergence was greatest in the lower regions of the cost
domain where there was the highest probability of winning for any bidder. Hence,

these figures also illustrate the fact that our bidders exhibited a “utility of winning”
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not contained in the theory since they tended to sacrifice some monetary surplus in

order to increase their probability of winning!®.

4.6. Learning, Performance, and Theory

All of our analysis of the performance of price-preference auctions has been time-
aggregated in the sense that we have pooled our observations over time to create one
large data set. However, since our auctions were run for 20 periods, it is logical to
ask whether behavior over the last 10 periods was different from behavior over the
first 10. It can be argued that once subjects learn the strategic situation they are in
they might change their behavior and this behavioral change might reverse our policy
prescriptions.

To investigate this possibility, we disaggregated some of the calculations made
earlier and ran some of the same regressions on disaggregated data (data taken from
the first ten and last ten periods). These recalculations are presented in Tables 4.9
and 4.10.

In these tables we present the performance characteristics of our auctions (Table
4.9) over the first ten and last ten periods of the auction and look to see if the 5%
price-preference rule still out-performs the other three rules. In addition, we look to
see if there is any general tendency for behavior to change over time which would

indicate that with learning our cost effectiveness results might disappear.
Table 4.9 Here

As we can see from Table 4.9, as time goes on in these auctions it appears that
both A-Types and B-Types bid in a more aggressive manner. In three of the four ex-

periments (all except the 5% price-preference rule auction) average price falls between

150ther experimentalists have noted this “utility of winning” phenomenon. For example, Cox,
Smith, and Walker (1988) use this phenomenon to explain the divergence of bids in their auctions
from the theoretical predictions for risk-neutral bidders, while Bull, Schotter and Weigelt (1992)
found similar behavior in the tournaments they ran in which subjects exerted “too much” effort in
an attempt to win the big prizes offered.
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the first and last ten rounds as does the average profit per unit (i.e. the mark-up of
bids over costs). For example, while B-Type subjects in the 15% price-preference auc-
tion experiment tended to bid, on average, 8.5 units above their cost in the first ten
rounds of their experiment, this mark-up falls to 4.52 over the last ten rounds. The
only subjects for which this fact was not true were the B-Types in the 0% experiment.

As was true of our aggregate analysis, if we are to properly compare the govern-
ment cost of purchasing across price-preference rules, we must find a way to hold
cost constant and attribute differences in the cost of purchasing to differences only in
bidding behavior. This is what we did in Table 4.3 for our aggregate data and what
we repeat here in Table 4.10a and 4.10b in a time-disaggregated fashion.

Table 4.10a-b Here

The interesting thing about these tables is the fact that when we move from
the first to the last ten rounds we preserve our basic policy conclusion that the 5%
price-preference auction is best among the class of four price-preference rules explored
here. (Note that the entry in the 5% column is the lowest in each row of the matrix
indicating that using the cost realizations from any experiment, the purchasing cost of
the laboratory government would have been lowest if the 5% rule was used. This was
true in both the first and last ten rounds). Furthermore, in comparing Table 4.10a to
4.10b (moving from the first to the last ten rounds) we see that the purchasing cost of
our laboratory government decreases in 12 of the 16 cell comparisons indicating once
more a shift toward more aggressive bidding in the last ten as opposed to the first two
rounds of our experiments. These comparisons tends to indicate that experience would
not be responsible for an alteration of our basic policy conclusion that affirmative
action price-preference auctions are cost effective.

To get a better idea of how the cost of purchasing behaves over time consider
Figure 4.7 which presents the actual cost of purchasing over the first and last ten
rounds of our experiment. In fact, this diagram plots the costs portrayed on the

diagonals of Tables 4.10a and 4.10b. As one can see, the realized cost of purchasing
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fell during the last 10 rounds of the experiment for all price-preference rules except
the 5% rule where it rose minimally. However, note that for both the first and last
ten rounds of the experiment, the 5% price-preference rule offered a lowest cost of

purchasing than any other price-preference rule tested.
Figure 4.7 Here

While the focus of our analysis in this section has been to ask whether different
price-preference auctions perform differently as subjects learn more about the auc-
tions they are functioning in, we might also be interested in whether they more closely
approximate the behavior predicted by the theory as time progresses. To investigate
this question we re-estimated the untruncated bid functions of our subjects in a disag-
gregated manner running one regression on the first ten and one on the last ten rounds
for each auction and each type of bidder. The results are summarized in Figures 4.8a

and 4.8b, and the regression results are presented in Table 4.11a and 4.11b.

Figures 4.8a and 4.8b Here
Tables 4.11a and 4.11b Here

As we can see from Figure 4.8, there is no difference between the bid functions

employed by subjects in the first ten versus the last ten rounds of our experiment.

5. Conclusions

In this paper we have demonstrated that the use of affirmative action programs need
not force policy makers to have to choose between the benefits of minority represen-
tation and cost effectiveness. In certain circumstances, such as the price-preference
auctions investigated here, both minority representation and cost effectiveness can be
enhance simultaneously if the proper price-preference rule is used. This result seems
robust to learning on the part of bidders in the sense that after subjects have experi-
ence with bidding in such auctions (i.e. after the first ten rounds of any experiment)

the auctions run using a 5% price-preference rule continue to outperform those in
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which no preference is given and in general bidders bid more aggressively (closer to
their cost) as the auction progresses.

Our results do raise a note of caution, however, since if the government fails to
use the optimal price-preference rule, it could increase its cost of purchasing and
hence fail to reap the benefits that such price-preference rules offer. McAfee and
McMillian (1989) offer a rough rule of thumb to help decision makers choose the
correct preference rule (when costs are drawn from uniform distributions) which is
to take one-third the difference in the mean cost difference between the two types of
firms (i.e. the percentage difference in their means). In our experiments their rule
suggests a 3.3% preference which is close to the 5% rule which proved to be best

among our limited set of four rules.
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Table 4.2
Descriptive Results of Price Preference Auctions

Auction Type 0% 5% 10% 15%
Winners

A-Types 12 22 28 43

B-Types 87 78 52 o7
Type A Win % 12.1% 22.0% 35.0% 43.0%
Theoretical Type A Win% 19.1% 24.9% 29.8% 36.9%
Wins by Preference 10 19 23
Avg. Cost Winners

A-Types 117.17 120.68 127.64 123.74

B-Types 113.82 111.44 112.62 112.77
Avg. Bid Winners

A-Types 124.42 126.95 134.14 131.56

B-Types 120.80 117.13 117.92 119.02

. . A’s-125 A’s-151 A’s-160 A’s-148
Highest Cost Winner B's-151 | B's155 | B's-144 | B's-146
Avg. Profit Per Unit

A-Types 7.25 6.27 6.50 5.47

B-Types 6.99 5.69 5.31 5.68
Average Observed Price 121.24 119.29 123.60 124.41
Theoretical Price 134.13 133.24 134.50 136.06
Naive Cost of Preference 0 0.39 1.51 2.04
Actual Cost 0 -1.50 0.39 2.22
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Table 4.4a

Truncated Bid Function Regressions: (A-Type Subjects)
Equation: Bid = Intercept +slope-(Cost-110)

Auction | Intercept (a) | Coefficient (3) | Observations | R”
N B R
IS e
10% (187 (1756 82 793
15% (11156461) (15935) 32 743

Table 4.4b

Truncated Bid Function Regressions: (B-Type Subjects)Equation
Bid = Intercept +slope-(Cost-100)

Auction | Intercept («) | Coefficient (3) | Observations | R?
0% (1109?622) (?;SI)GS) 242 849
s B e
10% (11037.9967) (28.2472) 166 i
15% (12058.6313) (43?029) 210 il

(t-stats in parentheses.)
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Table 4.5a

Untruncated Bid Function Regressions: (A-Type Subjects)
Equation: Bid = Intercept +slope-(Cost-110)

Auction | Intercept (a) | Coefficient (3) | Observations | R?
0% (169773 (rs.a1) 188 97
5% (476 311 176 6
10% (12999 6314 109 6
15% (a125) (249 198 6

Table; 4.5b

Untruncated Bid Function Regressions: (B-Type Subjects)
Equation: Bid = Intercept +slope-(Cost-100)

Auction | Intercept (o) | Coefficient (3) | Observations | R?
% | s (9691 i R
5% (}ggﬁgg) (é3.7711) 398 95
10% (14440) 6910 306 91
15% (95.3) G 363 96

(t-stats in parentheses.)
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Table 4.8a

Regression of Actual on Predicted Bids (B-Type Subjects)

Auction | Intercept («) | Coefficient (3) | Observations R?
0% (:%gigég) (111'(24406) 396 (:3%)
5% (:igigg) (81%.138738) 398 (:3;(5)2)
10% Z—Qélsgi? (619.170653) 306 (:gg)
15% (:‘I’é;i‘;’% %é279§33) 363 (:ggg)

Tablé 4.8b

Regression of Actual on Predicted Bids (A-Type Subjects)

Auction | Intercept («) | Coefficient () | Observations R?
0% (:292.543871) (717'.1 72361) 188 (:3%91))
5% (:?11138(7;}) (612..188328) 176 (:ggig)
o | e T |
15% (:ﬁiégg) (712[.252148) 198 (:32:138)

(t-stats or Adjusted R? in Parentheses)
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Table 4.9
Descriptive Results of Price Preference Auctions: First and Last Ten

Rounds

First Ten Rounds
Auction Type 0% 5% 10% 15%
Winners

A-Types 7 10 16 26

B-Types 42 40 24 24
Wins by Preference 6 11 13
Avg. Profit per Unit

A-Types 7.57 6.60 7.44 8.42

B-Types 6.67 6.40 6.50 8.50
Average Price 121.71 | 119.04 | 124.45 | 127.10
Naive Cost of Preference 0 .46 1.8 2.42
True Cost -0.62 1.92 3.81
Last Ten Rounds
Auction Type 0% 5% 10% 15%
Winners

A-Types 5 12 12 17

B-Types 45 38 28 33
Wins by Preference 4 8 10
Avg. Profit per Unit

A-Types 6.80 6.0 5.25 6.88

B-Types 7.29 4.95 4.29 4.52
Average Price 120.78 | 119.54 | 122.75 | 121.74
Naive Cost of Preference 0 .32 1.18 1.98
True Cost -1.74 -0.78 -0.03
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Table 4.10a
Purchasing Cost Comparisons: Rounds 1-10

Cost Cost in Cost in Cost in Cost in
Realizations 0% Auction 5% Auction 10% Auction 15% Auction
0% 121.71 121.09 121.63 125.52
5% 120.81 119.04 121.24 123.49
10% 122.85 121.92 124.45 127.15
15% 125.05 124.18 127.01 127.10

Table 4.10b
Purchasing Cost Comparisons: Rounds 11-20
Cost Cost in Cost in Cost in Cost in
Realizations 0% Auction 5% Auction 10% Auction 15% Auction
0% 120.78 119.04 120.00 120.75
5% 121.00 119.54 120.68 123.10
10% 123.05 121.23 122.75 124.88
15% 121.25 119.28 120.77 121.74
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Table 4.11a
Bid-Function Regressions Rounds 1-10 and 11-20: Untruncated Data
Type A Subjects

Experiment | Rounds | Number | Intercept, a | Slope, 8 R?
0% Lo |oor | 6oy | V7
0% 11-20 91 (19187..5019) ( 42.7319) .96
o 10| %0 i | Gaso) | %
5 120 |8 | s | gasy | %
10% 1-10 80 (191€)§6921) (423741) 97
10% 11-20 79 (18137..2988) ( 5'2%107) .96
15% 1-10 98 (19%?.888% ( 42?435) .96
15% 11-20 100 (ﬂggg) (52?104) 97
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Table 4.11b
Bid-Function Regressions Rounds 1-10 and 11-20: Untruncated Data
Type B Subjects

Experiment | Rounds | Number | Intercept, a Slope, R?
0% 1-10 197 (}gfgg) (7;)4923) .96
v m | | o m T
5% 10 | 199 | iy | ooy |
5% 1120 | 199 &32?3) (62%73) 95
10% 1-10 154 (1903§577?3 (426734) 93
10% 11-20 152 (}(1)222) (5'2.7107) .95
15% 1-10 178 (i(l)ggg) (586761) 94
15% 11-20 186 (}gggi) (7'3.8940) 97
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Figure4.la: Cost Realizations (TypeA)
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Figure4.1b: Cost Realizations (TypeB)
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Figure 5.1c: Cumulative Cost Realizations (Type A)
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Figure 5.1d: Cumulative Cost Realizations (Type B)
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