Portland State University

PDXScholar

Engineering and Technology Management

Faculty Publications and Presentations Engineering and Technology Management

1-1-1997

Incentives, Information, and Winner's Curse in
Construction Industry Bidding

Gerald H. Williams
Portland State University

Timothy R. Anderson
Portland State University, tim.anderson@pdx.edu

Follow this and additional works at: https://pdxscholar.library.pdx.edu/etm_fac

b Part of the Engineering Commons
Let us know how access to this document benefits you.

Citation Details

Williams, G.H., Jr.; Anderson, T.R,, "Incentives, information, and winner's curse in construction industry
bidding," Innovation in Technology Management - The Key to Global Leadership. PICMET '97: Portland
International Conference on Management and Technology, pp. 27-31.

This Article is brought to you for free and open access. It has been accepted for inclusion in Engineering and
Technology Management Faculty Publications and Presentations by an authorized administrator of PDXScholar.
Please contact us if we can make this document more accessible: pdxscholar@pdx.edu.


https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/etm_fac
https://pdxscholar.library.pdx.edu/etm_fac
https://pdxscholar.library.pdx.edu/etm
https://pdxscholar.library.pdx.edu/etm_fac?utm_source=pdxscholar.library.pdx.edu%2Fetm_fac%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/217?utm_source=pdxscholar.library.pdx.edu%2Fetm_fac%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/etm_fac/10
mailto:pdxscholar@pdx.edu

1997 Proceedings of PICMET '97: Innovation in Technology Management: The Key to Global Leadership
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Construction Industry Bidding

Gerald H. Williams, Jr.

Timothy R. Anderson, Ph.D.
Engineering Management Program
Portland State University
Portland, OR 97212-0721 USA

Abstract - This paper investigates the relationship between First price and sealed bid are rules set by the bid-taker and in
incentives, information and winner's curse in the bidding for the public sector, are often set by law in the jurisdiction where

construction industry contracts. The approach uses both simple the bidding is taking place. Common value relates to the prize
Monte Carlo simulations and bidding experiments to show the for \yinning the contest. Construction projects are generally

effects of changing levels of information (in terms of variance) m,qeled as common value auctions due to the fact that, within
and incentive (in terms of risk share) on the winner's curse. certain limits, the costs of the work to be accomplished is the

same for any bidder. This assumption has been questioned
however [7].

The information available to bidders (and bid-takers) is

This paper ties together three distinct and rich areas of . . . S
bidding literature that are important to the understanding a oth_er vanaple that should be mcluded In any bidding model.
at is, the bidders can be valuing the object based on equal

dealing with these uncertainties: Incentive C:omraCtSd'Ibeit uncertain information or one or more bidders can
Information and winner’s curse.

This investigation was conducted using both simple Mon N0SSess S|g_n|f|ca_ntly more information than the other b|(_jders.
construction bidding, we generally assume symmetric but

Carlo simulations and student bidding experiments. Student

experiments were performed using Sseniors and gradué'f%certam information regarding the value of the project is

students in Civil Engineering at Portland State Universi e}vallable to all prospective bidders.

Both the simulations and the experiments were designed to . -
. ) ; . ; .Incentive Contract Bidding

investigate the relationship between varying levels o

information available to bidders, the ensuing aggressiveness ofn incentive contract or incentive contract bidding, is an
the bidding (resulting in a winner’s curse) and the effect afttempt to design an auction where risk can be shared

|. INTRODUCTION

increasing the share of risk to the Owner. adequately and rationally between the bid-taker and the
winning bidder. Without such a vehicle, the bidder has a great
A. A Brief Review of Auction and Bidding Theory inducement to hedge against cost uncertainty [27]. This topic

There are many surveys of auction theory in the operatio?]]; reg_earch _has proo_lucefd a rich sour_cetr(:f publtlshed anatlyzls
research, management science and economics literature. SBhs |_sculssgon6 r:’igglri% rzolm zeégcogtl)mé% _Ie_ﬁrybo case StF‘ y
of the more complete include [8, 18, 23, 34]. analysis [1, 5, D ] The basic incentive

An auction is an economic institution designed for thgontract formulation as given by [21]
exchange of goods or services, where the exdbhgeor
purchase price of the good or servicauiknown prior to the n=ap +f(p - C) @)
auction. The price of the exchange is established by biddin% ) ) ) )
among parties wishing to either purchase or sell the good or/VhereTtis the profit to the contractog is a profit rate
service. Types of auctions are distinguished by the rul@sticipated by the contractor, p is the bid priges the risk
determined by the bid-taker. The various auction types $hiare between the bidder<(f < 1.0) and bid-taker and C is
general use can be classified by following characteristicée actual cost after final accounting. In this formulation, the
highest or lowest bid, first or second price, private or comm@®@ntractor’s profit would be exactly equal to the “target profit”
value, in combination with open (often oral) or closedt bid time {t=ap) if his bid price equals the final cost. If the
(typically sealed) bidding. This paper is concerned with thHénal costs are less than bid, the contractor recepf(gs; C)
most common form of bidding used in the constructioadditional profits. If the cost exceeds the bid the contractor
industry, lowest bid, first price, common value, closed dpbsesB(p - C).

sealed bid auctions [26]. Several other authors have proposed variations on this
. _ _ _ formula. For the purpose of this paper, we will define the
B.First Price, Common Value, Sealed Bid Auctions incentive contract formula in terms of the total cost to the bid-

Construction bidding is generally considered anifker (generally the owner) as follows:
modeled as a first price, common value, sealed bid auctions.
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T(c) = aChig + Coid + B( Cactua— Chid) (2) deviation. Recognizing also however, that information is
always greater than zero (since we know a project exists in
Where,a is the bidder's mark-up rate (a common metho@rder to bid onit) and less than complete (due to unpredictable
for deriving a value for the bidder’s profit, overhead and othaf@riables such as weather.)
non-cost-of-work related costs).pilC and Gewa are the
estimated cost of the work at bid time and the actual cost of the II. BIDDING SIMULATION STUDY
work determined by a final accounting at project's end
respectively (C and p above). From equation (2) we see thaThe bidding simulation is performed to test the effect of
the bid-taker’s financial risk in the case of cost over-run andarying the amount of project information as depicted by the
gain in the case of under-run, are equal to the risk—shatandard deviation of the input distributions for the project and
variable times the difference between bid and actual costs. the bidders against the risk sharing variable and mark-up.
Here also, we provide a theoretical basis of comparison for
D. Winner's Curse the experimental data and test certain assumptions of the

The analysis of winner's curse was first brought into thgIddlng environment.
literature by Capen, Clapp and Campbell [3] in their review of
high risk outer continental shelf oil and gas lease auctions.
They conclude that, “In competitive bidding, the winner tends The bidding simulation portion of this study was conducted
to be the player who most ever estimates true tract valuaiing an electronic spreadsheet to generate bids and actual
They go on to show that the “law of averages” simply doesrébsts. This process is substantially similar to an example
apply in common value competitive bidding, because withfaund in [2]. In the simulation, quasi-random variates were
sufficient number of bidders, any bidder only wins if he or shgenerated for five bidders. Bid costs £¢Cin the model) for
over-values the item sought and in every bidding situatioeach are calculated based on the input mean and standard
some bidder will over-value the item. Which implies thatleviation for the given “project.” The lowest of the five
competitive bidding must, over the long run, result imidders is selected and compared with a similarly generated
substantial financial losses in those industries where it ‘isost” (“Cacwal in the model) for each “project.”
practiced. In addition to the two cost parameters (bid costig"@nd

Winner's curse has spawned a significant amoupfroject cost, “Geual) generated above, a third parameter,
research, analyzing it's existence, predicting it's magnitudenark-up” (“aCui” in the model) is included in the simulation

and guarding against it [3, 10, 16, 17, 24, 29, 30]. Winnerigodel. Recall from Section I, the incentive formula:
curse in the construction industry has been studied in [4, 7,

32]. , T(Caid-taked = OChid + (1) Coia + B Cactual. (2)
Most of the work to date on winner’s curse has focused
on the bidder’s perspective as opposed to the bid-taker. Herey the simulation, we keep the mean value of the project
we show the effect of the changing risk-sharing variable Qnstant at “300,” then vary the standard deviation from “30”
winner’s curse, a rule that is fully within the discretion of th(for ten percent) to “180” (or sixty percent). This simulates a
bid-taker. decreasing amount of information about the project to all
bidders. The share of savings variablejg3varied from 0
(lump sum) to 1.00 (cost plus).

A rich body of literature concerned both, directly and Finally, knowing that construction contractors, like all
indirectly with its relationship to competitive bidding has beeRusinesses, are profit seekers, we assume that over time they
established. Much of this work is concerned with the analysigll adjust their mark-up {Coi) to cover any average
of symmetric versus asymmetric information and principanticipated loss or winner's curse. Therefore, mark-up for
agent asymmetries [9, 11, 13, 25]. Information as it relates @ach bid was calculated for the break-even point for each
winner’s curse is discussed in [15]. [22] and [14] preseMmtinning bid.
information use in case studies of timber contracts bidding. ~ The input distribution used for this analysis was the normal

Here, we treat information somewhat differently. For théistribution.  However, the normal distribution for this
purposes of this paper, we equate the amount of informatigiulation does have significant drawbacks and limitations
available to a bidder to be represented by the standa&@d it is important to understand and account for these
deviation of the continuous distribution of possible prices. Olimitations.
purpose in equating the amount of information available to the The assumption of normality has been challenged by several
bidder (and bid-taker) to the breadth of the distribution is &gsearchers including, [20] and indirectly by [19]. One study
recognize that information is directly related to the range 620], was able to reject the hypothesis of normality for
possible prices. Complete, or 100% information should yiel#odeling roadway projects. However, for building projects
virtually zero variance in prices from bidders, whereas ribey found “the distributions of prices tendered are well
information, 0%, should yield an infinitely large standardnodeled by normal distributions.”

Model Description

E. Information
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B. Scenario’s Simulated

——0

Three different types of scenario’'s were simulated: 1) K
where the means and standard deviations of the bidders =
estimated costs (fg) and the projects actual costis) were '
equal but vary. 2) Where the standard deviation gf C
remained constant, while the standard deviation gfudc
varied. And 3) where the standard deviation Qfuw&
remained constant, while the standard deviation,@f@ried.

-a-0.1
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C.Results and Discussion

. . . ) ——09
Typical results from the different scenario types are S

dep|Cted In FIg-S 2., 3-, and 4- V o 20 40 60 80 100 120 140 160 180 200
25000 SD of Bidder's Estimate

Fig. 3.  Scenario 35Cacwa COnstantgChig varies

200.00

o 01 and proceeding up in order, 0.75, 0.50, 0.25, 0.10 and 0.0.
The data for cost-plus, or=.0 is not graphed because it
would simply equal zero for all values.

~%-05 The results indicate that winner’s curse and subsequently,
mark-up, in the presence of constant risk share, are most
sensitive to the standard deviation of the bidder’'s estimated
a9 costs (Gig). This is indicated most graphically in Scenario 3,
(Fig. 4) which represents a constant variability in the actual
e D o e e Sa g o cost and inc.r(_easing yariability in the bidders estimated cost.
Fio.1  Scenario 1: BottCuy andaC ! These conditions might occur when the an owner creates
9 cenario 2. Botat-bia andotauavary equaty variability in actual costs outside of the actual scope of work,
while offering the contractor varying levels of information

150.00

-+ 0.25

100.00

% Mark-up at 0 WC

x 075
50.00

o reflected in changing standard deviations gd.CFrom Fig. 4
© /\:/:/’\j we conclude that as information becomes less reliable (that is,
0 e R o 01 as the standard deviation ofiLincreases), the owner must
f, “ e increase the risk sharing variable to keep winner’s curse and
8 0% subsequent bidder mark-up within reasonable levels.
3 vos Fig. 3 is characteristic of common and constant variability
- in Cyig, While Gicwals variability is allowed to increase. This
S . — ~x-075 might be interpreted as a relatively well-defined (or at least
© commonly defined) project scope, but ill defined owner
- e management practices which lead to highly variable costs. In
T m @ % % w B mo m m mo this case, the risk sharing variable defines the winner’s curse
SD of Project Cost and sets the contractor’s required mark-up for various levels
Fig.2. Scenario 25Cyq held constanty Cacuavaries of bidder variability. (Fig. 3 depicts a bidder variability or

standard deviation of 90. For smaller standard deviations, the
The graphics presented above for Scenario’'s 2 and 3 @&féect is less pronounced and the opposite is true also.)
“typical” for these scenario types. Simulations were run Our analysis of Fig.’s 3 and 4 lead us to conclude the
keeping the standard deviations of one variablgq (0  primary cause for the shape of the graphs in Fig. 2 are owing
Scenario 2 and &walin Scenario 3) constant while the otherto the effects discussed for Fig. 4. That is, the changing
varied from a standard deviation of 30 to 180. The graphiwsriability in G4, which reflects differences in information
above are for simulations where the constant value is held atféered the bidders.
standard deviation of 90, however, the results are substantiallyThe weakness of our normality assumption observed earlier
similar for all constant values simulated (also 30 to 180). would be expected to aggravate the winner's curse effect in
The graphics indicate the increase in winner's curse, #gse simulations. Our empirical study found that real
measured by the percent mark-up 6f aCyig in our model) contractor bids were more closely distributed about the mean
for the different standard deviations of the x-axis variable(sthan the normal function would have predicted. Therefore, we
The different lines graphed indicate different levels of riskould not expect as many low bids as were generated by the
share (B), beginning at the bottom of each Fig. wpr@90 simulation. However, we would expect actual data to take the
same general shape as the curves depicted in Fig.’s 2 and 4.
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Estimated & Actual Cost vs Beta
Ill. BIDDING GAME

An experiment was performed to simulate the construction- 310,00 T am e
bidding environment with varying amounts of information and
changing risk sharing. Seniors and graduate students enrolled
in the Civil Engineering department at Portland State

270.00 50
University performed the experiment. *‘*\4/ 1\

250.00
A. Description

290.00 +
—4—Est Cost - == Actual Cost

230.00

This experiment consisted of twelve successive bids for \.0_75
jars of candies. Students were given an opportunity to 210,00
examine each jar prior to the start of bidding. They were told 00 iRm0 B 0% e 0l 0
that the jars contained a number of candies drawn from one of Risk Share Variable, Beta
three random normal distributions. Each distribution had aFig. 4. Averaged estimated cost bids and actual costs for each level of risk
mean of 300 and one of three standard deviatiohs Each share: betdy).
bid was conducted under one of four risk-sharing rdi&s. (
The following table shows which #nd capplies to each bid,

Interestingly, the student bidding more closely resembled a
normal distribution than did the empirical study of real bids.

by number. However, the student bids did exhibit the same central
TABLE | tendency, as did the actual construction bids, just not as
pronounced. Checking for normality again we were similarly
=100 =50 =25 able to reject the normality hypothesis.
B =0.00 Bid 1 Bid 2 Bid 3 ) _
B=025 Bid 4 Bid 5 Bid 6 C.Discussion
E:g?g BBi:1d170 ;'gfl BBi'gfz This experiment was designed to test bidders response to

changing levels of information (as represented by standard
deviations) and risk (as represented k)3 There were two

Eincipal drawbacks to this experiment, and in particular

ice of participants: (1) the relative lack of experience or

Each bidder was asked to estimate and bid bgtha@d
aCpig. After each student completed his or her bid, the low

bids were announced and read aloud. Next, the actual am M wledge of bidding, and (2) the relative complexity of the
of candies (aua) for that jar was revealed. Each bidder the me. In spite of these drawbacks, the students performed

calculated his actual profit or loss based on equation (2). ¥ wantiall 1d h dicted. ai h "
lowest non-zero bid was awarded a small bag of candies (ﬁ stantially as we would have predicted, given the outcome
he simulated bidding contests.

the jar full, however). It is assumed that bids that result
losses greater than the bid fee,iq, would be pulled before  Students consistently underestimated the actual cost. This
consummating a contract. Bids proceeded in order from 1uw@s particularly evident among the lowest bidders. An

12. average of the lowest ten bidders for each bid shows a clear
pattern of consistent underestimating.
B. Results One effect that was perhaps not predicted from the

'[nulation data was game competition aspect of the bid. Note

. . . . si
Lginztéder.];ﬁevgﬂzelgé xp;:lzr\llzerg gldgﬁézrgg:";;zgvg]y f"?ﬁ both Fig.’s 5 and 6, the reduced estimated costs for bids 11
i ! ge, ; and 12 (bott’'s = 0.75). This occurred when some bidders

every bid. The lowest bidder underestimategl,&by 183 on . . - .
average and suffered losses on average of 45.7 (meaningtr !|zed that they could bid the minimum possible value for

on average, the low bidder was forced to pull his or her bid),2ca based on the given distributiohsthen adjust their fee
' to compensate for the difference in costs times the risk share,

As bidding progressed students learned that as the risk shgre For instance, when 8 0.75, the bidder knows he only
increased, that the estimated cost became less significant. Biifflers 25% of the difference between estimated and actual
in-turn caused bidding to become more aggressive (meankts. Knowing that the minimum possible costdslow
lower bids) as the share of savings variable increased, {88 mean and the maximum is 2bove the mean. the bidder
shown below: can be assured of positive profits if his fee excer@.25 *

40.) The game then becomes estimating the maximum

! Students were given the actual distribution of all,gs for each of the three
distributions
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