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Abstract

Background. The majority of bidding models, such as those developed by 
Friedman and Gates focus on the mark-up decision. Despite a large body 
of literature, particularly related to the construction industry, these bidding 
models largely ignore human behavior.

Aim. This article has two aims. The first is to contribute to the potential use of 
business games to study the results of auction behavior in a construction 
business environment. The second is to investigate the winner’s curse and 
its effects on individual companies and the market.

Method. The methodology for this study is rooted in game theory. The reasoning 
which leads to the winner’s curse is explored through a behavioral multi-actor 
experiment. I developed a database-driven, online multiplayer auction game 
which served as a laboratory experiment. The study included 42 participants. 
Data were collected during the game, and debriefing results were analyzed.

Results. The results show that contractors suffer from the winner’s curse for a 
variety of reasons including their own bidding strategy, strong competition 
within the construction market, and inaccurate estimates of project 
costs. These reasons affect the behavior of contractors and the intention 
to win the project’s bid as well as their willingness to take risks.
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Conclusion and Recommendations. The approach outlined in this article contributes 
to decision-making research in the context of the ‘reverse’ auction low bid 
method. I recommend that future researchers consider second-price, sealed-
bid auctions (Vickrey auctions); this type of auction is also easy to implement.
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This article provides the findings of the online game, OPEN CHAMELEON (V1.4). In 
this game, the results of real interactive human behavior are used to investigate bidding 
decisions within an auction environment, especially regarding the construction indus-
try. The approach introduced here provides a valuable contribution in the fields of deci-
sion making and teaching by clarifying causalities and interdependencies and making 
them comprehensible, e.g. the elucidation of the risk situation of a company, the identi-
fication and evaluation of market risks or to improve the understanding of decision 
making process in detail. The auction environment used in this study is based on a 
common bidding method for construction projects - the ‘reverse’ auction low-bid 
method. The majority of bidding models, such as those developed by Friedman (1956) 
and Gates (1967), only focus on the mark-up decision (Wanous, Boussabaine, & Lewis, 
2000). Despite a large body of literature, particularly related to the construction indus-
try, these bidding models largely ignore human behavior (Ahmad & Minkarah, 1988).

Literature Review

The following section reviews key terms including ‘winner’s curse’, ‘auction types’ 
and ‘auction types in the construction industry’ as related to this article.

The Winner’s Curse

The winner’s curse, first introduced by Capen, Clapp, and Campbell (1971), is based 
on a scenario in which the bidder with the lowest bid wins an auction under the condi-
tion that the submitted bid is underneath the true costs, i.e. the project’s construction 
costs. Often, these costs are not certain at the time the contractor bids. A bidder will 
most likely earn negative or below-expected profits. The fundamental basis for the 
investigation of this phenomenon are auction methods, which are a well-known and 
established market mechanism. They are at the center of research in the field of eco-
nomics and of vast interest in the areas of marketing and consumer behavior (Kagel, 
1995; Kagel & Levin, 1986; Wilson, 1992).
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Auction Types

Auction types can be distinguished in terms of price and value. Related to price, auc-
tions are typically classified into four major types:

a. Ascending price auction (English auction)
b. Descending price auction (Dutch auction)
c. First-price sealed-bid auction
d. Second-price sealed-bid auction (Vickrey auction).

These basic auction mechanisms are well grounded in theory (Kagel, Harstad, & 
Levin, 1987; McAfee & McMillan, 1987).

Auctions are classified into two main value types; private value auctions and com-
mon value auctions. In a private value auction, the bidders know their own value of the 
item being auctioned with certainty, but they do not know other bidders’ values. In 
contrast, in a common value auction, the item being auctioned has the same value to 
everyone, but none of the bidders know this value with certainty. As a result, each bid-
der develops an independent strategy they use to estimate the true value, and the win-
ner is the one with the most appropriate information to such true value (Kagel & 
Levin, 2002).

Auctions in the Construction Industry

With respect to the construction industry, contractors have three sources of informa-
tion for estimating their bids: a) realized project construction data from past projects, 
b) actual project construction data from ongoing projects, and c) data from their com-
petitors’ estimates of project construction costs. Construction projects are usually 
unique; these three sources of information provide only guide values, therefore, the 
information used is incomplete. Due to the unknown true cost of construction projects, 
which cannot be estimated with certainty until completion of the project, construction 
bidding should be considered as a common value auction (Dyer & Kagel, 1996).

One key difference between most auctions, in which the highest bid wins (highest 
bid method), and construction project bidding is that construction project bidding is 
performed as a ‘reverse’ auction (low bid method). Referring to Ioannou and Awwad 
(2010) this is the most common bid method for construction contracts in the U. S., but 
also in Germany, and in many other countries in the world. Therefore, the bidder with 
the lowest bid is the winner. This competitive bidding environment is the reason that 
construction companies suffer from underestimated project costs; the true cost of con-
struction is usually not known until the completion of the project. Nevertheless, every 
bidder must estimate the prospective costs and has to take into account a variety of 
constraints, dependencies, and internal and external risks before setting a bid. With the 
low bid method, the bid based on underestimated project costs will be selected to 
undertake the project. Hence, the winning contractor will most likely earn negative or 
below-expected profits (the winner’s curse).
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Given the aforementioned relationships, I developed a dedicated research method-
ology which is described in the following section.

Research Methodology

In the engineering and construction industry, conflict and strategic interactions 
between project owners and contractors are very common (Levitt, Wang, Ho, & 
Javernick-Will, 2011). Based on this, the investigated environment includes a variety 
of different parties acting against each other. Hence, this study employed game theory, 
which can be defined as “the study of mathematical models of conflict and coopera-
tion between intelligent rational decision-makers” (Myerson, 1991). This theory is 
common in fields like economics and business, political science, computer science, 
and philosophy. In this research, it is used as a multiplayer decision theory where the 
choices of each player affect the payoffs to other players, and the players take this into 
account in their choice behavior (Sejwal, 2014).

Simulation and gaming allows us to conduct experiments with sociotechnical sys-
tems and is already used to investigate e.g. bargaining power or as a research tool for 
testing social theories (Noy, Raban, & Ravid, 2006; Van den Hoogen, Lo, & Meijer, 
2014; Zúñiga-Arias, Meijer, Ruben, & Hofstede, 2007). A multi-actor behavior exper-
iment with 42 participants was designed to stimulate the required behavior. All of the 
participants were students in a Master’s course in construction management.

Although gaming simulation is widely used as a training instrument, its application 
as a data-gathering tool is relatively new. Meijer and his colleagues proved that it  
has been possible to test hypotheses using data gathered in gaming sessions (Meijer, 
2011).

A database driven online multiplayer auction game was developed for two reasons: 
a) computerized simulations are widely used today in academic courses and in profes-
sional training, and b) a database driven solution enables researchers to collect deci-
sion related data continuously (Noy, 2014). Additionally, the debriefing was an 
important source for gaining insights into the decision making processes during the 
game.

The online auction game lasted nine quarters. It was played with 14 companies 
(three participants in each company). To counter a potentially negative influence on 
the auction game results, at the beginning of the seminar the participants were told that 
the game would last at least 12 quarters. The participants were told that the game 
would last longer to prevent them from making unrealistic decisions that could poten-
tially impact their results.

The data records acquired in the auction game activities are analyzed for each quar-
ter according to different operating figures, including:

Bs(c,q)= number of submitted bids by company c in quarter q,
ΣBs(c,q) = sum of all submitted bids by all companies in quarter q,
Ba(c,q)= number of successful bids by company c in quarter q,
ΣBa(c,q) = sum of all successful bids by all companies in quarter q,
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Ra(c,q)= ratio of successful bids for company c in quarter q
= Ba(c,q) / ΣBs(c,q)
ΣRa(c)= mean ratio of successful bids for company c in the game
= ΣRa(c,q)/ q
Σt(q)= sum of all available tenders in quarter q
RA(q)= ratio of acceptance in quarter q
= ΣBa(c,q) / Σt(q)
Rc(q)= ratio of competition in quarter q
= ΣBs(c,q) / Σt(q)
M(c,q,Σb) = mean margin [%] for company c in quarter q in all bids
M(c,q,Σbs) = mean margin [%] for company c in quarter q in all successful bids

The design of the employed auction environment and its implementation as an 
online auction game is described in the following section. To understand how relevant 
data are acquired, the section also provides a short introduction to the basic activities 
which occur during gameplay.

The Employed Auction Environment

In general, the aim of the employed auction environment is to study economic ques-
tions. The collected data can be used to estimate effect size, to test the validity of 
economic theories, and to explain market mechanisms. As a result, the employed auc-
tion environment is an experimental economics method. This method features an envi-
ronment that is controlled by the facilitator (scientist) conducting the experiment and 
places a set of human players within a real economic context that can be identified and 
reproduced (Barreteau, 2003).

The first step in designing such an experimental economic environment is to iden-
tify the demands on the auction game. Therefore, researchers must decide which auc-
tion type fits into the focused industry as outlined in the previous section. The bidding 
strategy is an important part of any construction company’s overall business planning 
(King & Mercer, 1985). It is necessary to understand the contractor’s motivation for 
participating in an auction, the reasons for the desire to win, and which constraints, 
dependencies, and internal and external risks might affect the bidding behavior and 
therefore, the decision making process. The company’s risk-taking background is par-
ticularly interesting because decision making under risk can be viewed as a choice 
between prospects or a gamble (Kahneman & Tversky, 1979).

Contractors may be motivated to win project contracts: a) increasing earned profit, 
b) minimizing losses, as contractors must keep their firms intact even during recession 
periods, and c) minimizing the profits of the competitors in order to maintain a long-
term good competitive position within the construction market (Gates, 1967). In order 
to specifying existing constraints, dependencies, and internal and external risks, it is 
necessary to examine the auction good itself – the construction project. Due to numer-
ous events that may occur during the construction project’s life cycle the contractor 
has to face a high level of uncertainty, such as the inevitable and unforeseen increase 
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of material and labor costs or changed construction conditions resulting from changed 
requests or weather issues. During bid preparation, contractors have to take such 
effects into account, especially those with a) high probability, b) high amount of loss, 
and c) long term influence on project costs. Because of these dependencies, the con-
struction industry relies on estimates of project costs which are based on the contrac-
tors’ experience and available past and current information.

I included the identified demands on the auction environment based on an empiri-
cally validated procedure (Karl, 2012). The course of events during the auction game 
is illustrated in Figure 1.

During the gameplay, the contractors have to face different tasks and challenges. 
Within the decision-making process they have to consider factors such as estimated 
project costs, the disposition of resources, real project revenue compared to revenue 
forecasts, and events influencing projects, the company, or the whole market.

The market is defined, among other factors, by supply and demand, as well as by 
the types of projects available. Different project categories exist, such as residential 
housing, office buildings, industrial buildings, hospitals, adding cultural buildings. 
This adds to the perceived realism and acceptance of the gaming simulation. Each 
construction project is dependent on its properties and these, in turn, depend on the 
local market (country x, country y, etc.) in which the project is to be realized. Local 
market prices and their development for concrete, steel, labor costs, as well as local 
market risks, project, company, and their resulting events take into account the uncer-
tainty in decision making. As a result, they play a substantial role in the auction game.

The projects generated in the auction game are implemented in the form of public, 
limited, or private lump-sum contracts. The contractor neither has an influence on the 
method of construction, nor on the employed material. Therefore, technical issues as 
well as quality issues are neglected. However, the contractor can accelerate or slow 
down projects by varying the personnel resources. This presumes that a) sufficient 
resources are available in the company or b) further resources are available on the 

Figure 1. Process and factors of a construction-oriented auction game.
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market. Beyond these elements, risk areas are defined for each subsystem. These areas 
can be assigned to the market, the project, or the company itself, and influence each 
contractor individually. In particular, the game design considers ratios of increase or 
decrease in project costs in order to depict the effects of different project risks.

Based on the aforementioned fundamental design, an online auction game was 
developed for the following reasons: a) in contrast to board-based auction games, online 
games are particularly well-suited for longer session duration, which is important for 
investigating decisions with long-term influence, b) a longer auction game session rein-
forces the individual experience of consequences arising out of cyclical parameters 
(common in economic systems), and c) every input parameter can be logged within a 
database. This is very helpful for analyzing the decisions taken at specific moments.

Playing the Auction Game

Figure 2 schematically illustrates the activities participants were required to complete 
during the auction game.

At the start of the game, the auction game supervisor generates projects and places 
information at the disposal of the participants. This pool of orders is the basis for proj-
ect acquisition. Contractors submit their bids to show their desires to carry out a con-
struction project for an agreed price (Park & Chapin, 1992). To address the aspect of 
time pressure in decision making, a further constraint is implemented within the auc-
tion game. The bids need to be submitted by a specific deadline (Fayek, 1998; 
Kahneman, 1973). Thus, the game supervisor is able to pressure the participants to 
take their decisions in a limited time frame.

By this time, as supported by Bagies and Fortune’s (2006) research, every contrac-
tor is thinking about a variety of critical decision options, such as a) the bid or no bid 
decision, in which the contractor considers many factors which would help to deter-
mine the expected benefits from a construction project and b) the mark-up decision, 
which is related to the bidding strategy. The bid or no bid decision is particularly 
influenced in this game; every submitted bid immediately causes the corresponding 
offer costs. The offer cost in the game depicts the effort that a company makes to offer 
proposals. In reality, not every offer will be followed by a contract or project. A com-
pany has to prepare multiple bids or offers for different projects (and every bid has his 
own effort and therefore, preparation cost), but only one of them will result in a con-
tract. As a result, the offer costs of preparing the other bids has to be earned with the 
project(s) that the company obtains. This circumstance has a big influence on business 
costs and bidding strategy. After submission, the contracting follows with the lowest 
bidder. Accordingly, the winning contractor is expected to conduct the project based 
on the agreed price and schedule.

In order to begin work, the contractors need to plan the employment of resources 
for the projects they won. Decisions regarding the availability of resources should be 
completed during bid preparation. The resources are allocated by the system or, if 
necessary, missing quantities are complemented, incurring additional charges (accord-
ing to the configuration of the game). If resources exceed the current need, they are 
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Figure 2. Auction environment activity diagram.
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also considered, and potential costs for the provision or standby availability are deter-
mined by the system, as are revenue and project expenses. As each company uses an 
individual bank account, the revenue and the expenses or costs can be viewed from 
different role-dependent perspectives: a) company-wide, b) per cost center (e.g. gen-
eral business expenses, material costs), and c) per construction site. These overviews 
can be displayed as quarterly summaries. All data generated in this phase is continu-
ally logged in a database as company or project operating figures, and are available as 
a company status report after the end of the quarter.

Analysis of Decisions and Company Developments

The following section introduces the employed auction environment and practical 
implementation of the game. Company developments are investigated in detail.

General Overview

On general inspection, it becomes apparent that a multitude of tenders does not neces-
sarily result in an increase of successfully submitted bids in a quarter. Although it 
would have been expected that a high number of potential projects increases the aver-
age probability of an acceptance, the results show something else. The quota of suc-
cessfully placed bids in the market is dependent on multiple factors including the 
general corporate strategy, the previous development and business utilization rate of 
the company, and the individual financial situation. Even when there are a variety of 
potential tenders on the market, companies operating at full capacity are not likely to 
place more bids unless expansion is their principal aim. The success ratio of submis-
sions is strongly influenced by the activities of the company’s competitors. Do they 
tender for the same projects? What are their chosen margins? Are there any projects 
several companies or no companies are bidding for? The latter is quite possible, as it 
is not transparent during the tender phase who places bids for which project. Such 
information is only accessible for the participants after the submission phase. Thirty-
five tenders were generated for the 14 companies in quarter 0. For this quarter, 83 bids 
were placed by 12 companies, 19 bids were accepted and the projects granted, and no 
bids were placed for 16 of the projects (Rc(0) = 0.34, RA(0) = 0.54). Companies do 
not submit bids for all projects if there are several available (e.g. to economize offering 
expenses), and not all tenders could be granted. Consequently, the ratio of successful 
bids was only 26% in this quarter. If every company had placed a bid on two specific, 
‘company connected’ tenders, in theory, every company could have had two contracts 
at the end (that would be planned economy). However, only a few companies got proj-
ects and the rest failed in this competition.

The Winner’s Curse and Its Influence

During gameplay, huge amounts of data were stored in the database for each company 
and quarter. To investigate the winner’s curse and its effects, I selected companies with 
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the following characteristics for further analyses: a) they are in direct competition with 
each other, b) they participated until the end (no bankruptcy), c) the participants were 
able to give valid explanations for their decisions during the debriefing (no gambling). 
Three companies, 115, 210, and 212, matched these criteria. Therefore, they were 
selected for the following more in-depth discussion. All three companies differ both in 
their size and in their development; see Table 1.

Company 115 – Suffered the Winner’s Curse

The development of company 115 is marked by significant losses. At the start of the 
auction game session, the members of company 115 announced their objective: high 
market shares. They attempted to reach this aim with competitive and advantageous 
bids in the beginning of the game. Even though the company had a good ratio of suc-
cessful bids (Ra(115,1) = 0.4; Ra(115,4) = 0.5; Ra(115,9) = 1.0; ∑Ra(115) = 0.63), it 
was not able to acquire projects with sufficient profit margins (M(115,1,∑bs) = −26.6; 
M(115,4,∑bs) = −13.9; M(115,9,∑bs) = −4.5). To reach their objective, company 115 
placed bids under the estimated construction costs, which resulted in the winner’s 
curse. As compensation actions, profit margins of up to 44.7% in one project were 
calculated in the third quarter, but could not be achieved in the market due to increased 
competition (Rc(3) = 2.50).

The result was an insufficiently low number of projects for the available resources 
as confirmed by the participants during debriefing. Additionally, no active acquisition 
took place in quarters four through eight, even though the running costs of the com-
pany still had to be paid. Quarters six and seven would have been of particular research 
interest due to decreased competition (Rc(6) = 0.75; Rc(7) = 0.54). The reason for the 
increased inactivity was the tendency to resign after the fourth quarter, as the partici-
pants revealed during the debriefing. This passiveness as a result of bad decisions 
combined with the delayed layoff of personnel was responsible for the failure of com-
pany 115. An early and adequate adaptation of the previous strategy was not imple-
mented either.

The development of company 115 demonstrates how unfavorable it is to operate 
with such small margins within the bidding process, even if it appears to be strategi-
cally important. However, the consideration of excessive margins in a period with only 
limited tenders is an equally detrimental option. In the next section, the discussion 
includes the impacts of company 115’s behavior and resulting winner’s curse on the 
market and on other companies.

Table 1. Company Configurations.

Company ID Personnel Cranes Excavators Trucks Cash

115 100 14 10 10 6,838,428
210 100 30 40 30 8,329,652
212   65 25 40 35 6,277,383
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Company 210 – Financial Situation Harmed Due  
to Company 115’s Strategy

Company 210 is characterized by a rather small number of acquired projects, but with 
higher profit margins (M(210,0,∑bs) = 4.7; M(210,5,∑bs) = 0.0; M(210,9,∑bs) = 4.8). 
Although company 210 aimed to use its full capacity, success was not possible due to 
the limited number of acquired projects. In contrast to 115, 210 sold unnecessary 
pieces of equipment early, and thereby improved their liquidity, which influenced the 
bidding strategy of their company.

Unfortunately, company 210 did not participate in quarters 1, 6, and 7, which had 
fewer competitors and therefore, decreased competition (Rc(1) = 0.80; Rc(6) = 0.75; 
Rc(7) = 0.54). Hence, bidding activities would have been sensible in this time. One 
reason which was voiced by the participants for the increasing inactivity was the nega-
tive market situation. This impression was mainly due to the fact that company 210 
was underbid by company 115 in quarter three, and thus did not acquire the only proj-
ect offered. The margin calculated by company 210 was only 1%, but it was underbid 
by 115 with a margin of −8.1%; due to the strong will to win this project and thereby 
to minimize the running costs of their company, as revealed by the participants during 
debriefing.

The consequences of losing the bid in quarter three became obvious in quarter five, 
in which 210 offered with a margin of 0% and was successful, probably due to the fact 
that 115 did not participate in this round. The decreased income and massive personnel 
layoffs starting in quarter five, resulting in a high amount of layoff costs (It reflects the 
fact, that in Germany compensations must be paid for employees who worked several 
years for one company). This placed additional burdens on the financial situation. Due 
to the unfavorable market development, which can be traced back to companies like 
115 who suffered from the winner’s curse, 210 was not able to rely on its own value 
creation but on the sale of company assets.

Company 212 – Competed Against Company 115 but 
Was Not Influenced by the Winner’s Curse

In contrast to the two aforementioned companies, 212 developed favorably. It is 
remarkable that company 212, which was a small business at the beginning (in terms 
of staff), developed into a major corporation. The participants realized their goal of 
stimulating the company’s growth.

The company actively participated in the market and submitted bids in nearly every 
quarter. This resulted in the successful acquisition of projects, most of which had very 
high profit margins (M(212,0,∑bs) = 12.6; M(212,4,∑bs) = 3.0; M(212,6,∑bs) = 20.0; 
M(212,7,∑bs) = 19.9; M(212,9,∑bs) = 43.1).

These projects were intentionally characterized by intensive long-term deployment 
of personnel and equipment. One issue was the partly unfavorable plan for income and 
expenditure of individual projects. These projects demanded significant payments in 
advance and relatively late incoming payments. That might be one reason that such 
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projects were not the preferred focus of other companies, which resulted in less 
competition.

Company 212 opposed company 115 in two projects in quarter three (project ID 96 
and 98). Company 212 offered with calculated margins of 4.6% and 4.8%. Company 
115, however, offered with margins of −8.1% and −19.7%. In contrast to company 
210, this event had no further influence on the strategy and decisions of the company. 
Despite this experience, 210 participated continually and was able to acquire projects 
with very high margins in the following quarters.

The Overall Picture

The results clearly show the connections and influences of different decisions. The 
success as well as the failure of the individual contractors does not only depend on 
one’s own (even if appropriate) actions, but also on the activities of the other partici-
pants – no matter whether reasonable or accidental like inaccurate estimates of project 
costs. It is this fact which complicates the successful implementation of a strategy for 
some companies.

At first glance, it is interesting that the company with the lowest mean ratio of suc-
cessfully submitted bids (∑Ra(212) = 0.29) performed better than the company with 
the highest mean ratio of successfully submitted bids (∑Ra(115) = 0.63). Company 
212 was active in nearly every quarter, which explains its strong performance. They 
submitted 44 bids in the game, 13 of which were successful. In contrast, company 115 
submitted 14 bids, from which 9 were successful, but had insufficient profit margins. 
Companies without direct competition with company 115 were able to achieve mar-
gins from 20% to more than 40%, which shows that these companies were not influ-
enced by the winner’s curse of company 115. They compete mainly with companies 
whose strategy was not to underbid in order to acquire projects.

Apparently, the following notions are primary factors of success: precise and real-
istic definition of corporate objectives (e.g. a pure focus on market shares without any 
regard to further parameters is not realistic), retention of internal operating figures 
(internal focus), continuous observation of the market, and constant market activity 
(external focus) as well as management flexibility. In contrast, a passive and expectant 
attitude – possibly even combined with a high quantity of unused resources, few 
acquired projects, and lastly, insufficient profit margins which result in the winner’s 
curse – is to be seen as far from promising in the long term.

Debriefing

For gaming sessions, the debriefing is seen as crucial. It serves the purpose of training 
and education, during which participants learn and reflect on the experiences (Crookall, 
2010; Lederman, 1992). Debriefing gives the participants space and time to recapitulate 
what happened during the game and to reflect on their learning experiences, and thus to 
gain a deeper understanding of the subject matter (Hill & Lance, 2002; Kriz, 2010; 
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Peters & Vissers, 2004). Additionally, in this case it provided insights into the decision-
making process.

The debriefing method considers the learning process as well as decision making 
based on participant experiences. It consists of the following elements: a) pre-ques-
tionnaire, b) post-questionnaire, c) debriefing for each group (company), d) debriefing 
with the class, e) assessment of course and facilitator quality, and f) developing a for-
mal construction market model with the class.

Pre-Questionnaire/Self-Assessment I

An online platform is integrated in the course, which makes a standardized online 
assessment a very suitable tool for the self-assessment. This allows researchers to 
question the participants at different points of time and to record the development of 
competencies and make them measurable. The goal of this assessment is to verify the 
realization of teaching and learning objectives as well as the recording and measure-
ment of competencies by monitoring and analyzing the progress of subjective compe-
tency developments over time. As an example, an excerpt from the survey form is 
shown in Figure 3.

Post-Questionnaire/Self-Assessment II

A post-questionnaire was used to determine the subjective change in the development 
of competencies by using the competency development ratio (cdr):

cdr
v v

v
=

−
=

> →
= →1 2

1

0 increase of competence

0 stagnation of compeetence

0 decrease of competence

v : asses1

< →









∧ ∈[ ]; ,v v1 2 1 5

ssment value at time t , v : assessment value at time t , 1 2 2 tt  < t

Values v  and v  depend on the evaluation scale:
1 2

1 2

verry good (1), good (2), acceptable (3), satisfactory (4), uunsatisfactory (5).

The pre- and post-questionnaire used the same questions.
As no data regarding previous experience (studies, practical professional experi-

ence etc.) was collected for the establishment of the initial state, it cannot be deter-
mined whether individual participants displayed notions of modesty in the competency 
assessment of their own skills and abilities.

However, the difference between the initial state and the final state (Figure 4) can 
be used to derive that a subjective increase is perceived. The inclusion of further data 
and the discussions after the game leads to the suggestion that these increases have less 
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to do with a growth of self-perception only (in the sense of self-confidence), but more 
with a real development of competencies. This conclusion correlates with the results 
of the examination carried out after the course: failure rate 3 %; overall average grade 
2.3; best grade 1.3; worst grade 4.0 (best possible grade 1.0, failed 5.0).

Debriefing for Each Group (Company)

During this phase, open interviews with the participants took place. I conducted one-
hour, personal interviews with every company. Before the interview, I analyzed the 
available data from the database to be able to draw a general picture of the company 
and its surroundings. The topics discussed in the interview were group dynamics and 
the division of responsibilities (to consider aspects of social and cooperative learning 
(Slavin, 1990), company development, experiences, and details regarding different 
decisions during gameplay).

Debriefing With the Class

After the personal interviews the participants met in class as a group. They explained 
the development of their company and explored different strategies, decisions, and 

Figure 3. Evaluation sheet excerpt.
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influences on each other. Participants also discussed differences and similarities 
between the game and reality. Finally, they defined the key lessons they learned from 
the simulation game.

Assessment of Course and Facilitator Quality

Included within the debriefing of the course is an assessment that focused on the qual-
ity assurance of the course as well as the game and the facilitator. A new questionnaire 
was used with the following results (Table 2 & 3).

Data shows that the course, game, and the performance of the facilitator were rated 
as good. Potential areas for improvement include course organization and the personal 
learning success of the participants. Because this questionnaire was conducted anony-
mously and independently, no connection between performance in the game and learn-
ing success can be made. Therefore, the questionnaire design should be improved, too. 
The game’s playability and online interface should also be improved.

Developing a Formal Construction Market Model

Duke and Geurts (2004) emphasize that the gaming simulation approach is relevant for 
strategic problem solving. It enables decision makers to analyze a multi-agent, multi-
faceted, real-world problem. To make this multi-agent, multi-faceted, real world under-
standable and comprehensible for the participants, I developed a first market model. It 
was based on the general model of the game and the results of the data analysis. The 
System Dynamics (SD) approach was used for modeling. SD is a system-oriented and 

Figure 4. Result of pre- and postquestionaire.
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computer-based problem-solving approach which particularly addresses the analysis 
and design of decision-making rules. It attempts to comprehend the behavior of com-
plex systems over time and addresses feedback loops and time lags affecting the whole 
system. For this purpose, models are developed which can, due to their inner structural 
properties and data, reproduce the real system (for further details regarding modeling 
and simulation of dynamic systems refer to Sterman (2004)).

The construction market model aimed to provoke discussion among participants as 
well as to potentially resolve validity and veracity of the model in a debriefing session 
under my guidance (Van den Hoogen et al., 2014). Special relevance was given to the 
experiences that the participants acquired during gameplay. The decisions of specific 
companies appeared to be critical because of their influence on other companies and 
the market as a whole.

The investigation of the winner’s curse and the decision-making process are the 
main focuses of this article. Therefore, only the debriefing element f) will be discussed 
in more detail in the following section. The other elements, although potentially 
important in a course, will be neglected; the discussion of the competency develop-
ment and the learning outcomes in detail is in Karl (2013). The result of the discussion 
with the participants was a refined market model which includes 60 feedback loops, as 
presented in Figure 5.

A company’s success and failure depend strongly on their decisions and the deci-
sions of their competitors within the common market. If competition increases, the 

Table 2. Course Evaluation (Scale: 1.0 = Very Good, 5.0 = Unsatisfactory).

criteria valuation

didactic design 1.89
use of media 1.56
organization of the course 2.44
moderation of the course 1.67
personal learning success 2.44
relevance for my job 2.33
average 2.06

Table 3. Game and Facilitator Evaluation (Scale: 1.0 = Very Good, 5.0 = Unsatisfactory).

criteria valuation

playability of the simulation 2.44
interface design 2.44
practical relevance 2.14
preparation by the facilitator 2.00
assistance by the facilitator 1.88
average 2.18
Would you participate again? 100%
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profit margin of a company might decrease to make sure that the company acquires 
enough projects. This increases the probability that the company will suffer from the 
winner’s curse and influences the amount of profit, which results in decreased liquid 
assets. Decreased liquidity negatively influences the credit-worthiness of a company. A 
further effect of increased competition is an increased number of bankruptcies. Due to 
the fact, that the decisions and (re)actions within a company are time-dependent, the 
increasing number of bankrupted businesses will appear with a delay mark in the model 
(parallel, double bars on the arrow). The amount of liquid and fixed assets, especially 
the revenue and expenditure of ongoing projects, are further factors which influence the 
duration of the delay. Interestingly, higher competition decreases the probability of 
accepted bids for each company at one time, but also might increase the amount of 
bankrupted businesses, which in turn relaxes the competition and increases the proba-
bility of accepted bids. Assuming that the demand does not change and all other factors 
remain unchanged. The aforementioned delay between competitors and bankrupted 
businesses seems to warrant further research in future sessions of the game.

Because of a decreased probability of accepted bids, the business utilization rate will 
fall. One decision might be to raise the frequency of bids. The company will try to place 
more bids within one period to raise the probability of acceptance. Simultaneously, bid-
ding expenses will increase, which negatively impacts liquid assets. Companies may 
include very small profit margins within the bids, which increases the likelihood that their 
bids will be accepted. Low-profit strategies might be very risky, but in some cases they 
seem inevitable. Another, more classic strategy would be to reduce costs and increase 
income. Quickly selling unused equipment to avoid further depreciation losses also 
immediately increases the company’s liquidity and reduces its fixed assets. This also 

Figure 5. Auction game-developed construction market model.
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decreases long-term equipment, and particularly maintenance, costs. The same effect can 
be achieved by laying off unused personnel. Although it saves labor costs in each quarter, 
layoff costs immediately reduce liquid assets. Companies face the challenge of choosing 
the right time to pay to keep idle employees and forestall paying layoff charges.

The model does not claim to account for every economic issue. However, it illus-
trates how relationships can be identified and modeled out of an auction game; espe-
cially if the relationships were not clearly understood before. With the help of further 
gameplay, the model can be improved and ratios and probabilities can be determined 
more accurately. Through this formal model, the participants are able to gain a deeper 
understanding of the subject matter.

Discussion

This article introduced a method for using business games to investigate the winner’s 
curse based on real interactive human behavior, with special regard to the construction 
industry. The results show the effects of the winner’s curse on a contractor and the 
firm’s market.

The winner’s curse is based on the situation when the bidder with the lowest bid 
wins an auction by underbidding the true project costs. Game play revealed that the 
reason for this is threefold. The bid is underneath the true project costs because a) the 
real costs are influenced by a variety of unknown events during the construction period 
which results in increased costs or b) strong competition influences the strategy of the 
bidder which results in ‘strategic bidding’, i.e. bidding underneath the assumed project 
costs and hoping that the others will do not the same, or c) the bidder underestimates 
the project costs.

Contractors suffer from the winner’s curse for the following reasons:

a. The contractor neglects the variety of risks that might influence the costs dur-
ing the project.

Every bidder must estimate the prospective costs and has to take into account internal 
and external risks before setting a bid. Within the game, three risk areas are designed. 
They influence the project, the company and the market. Hence, it is necessary to 
consider a summary risk margin within the bid. In life and in the game, the determina-
tion of such a risk margin is influenced by a variety of constraints, dependencies, and 
coincidences, which leads to uncertainty in decision making. Although the determina-
tion of a certain margin was not part of this experiment, the method introduced here 
might be applicable for future investigations.

b. Due to strong competition within the construction market, ‘strategic bidding’ 
becomes an acceptable method.

Some participants recognize that carrying out projects underneath the calculated proj-
ect costs lead to losses, but the losses are less than the summary costs of unused 
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equipment and labor. The latter has to be paid even if they are not involved in any 
project. Gameplay revealed that such a strategy might work in the short term but for 
the long term, further decisions must be taken, such as the early layoff of unused per-
sonnel or sale of equipment. Doing this requires a fundamental change in corporate 
strategy. To make matters worse, it is difficult to decide when this strategy change 
should be made, especially when the bidder repeatedly hopes to acquire projects in the 
next round.

c. Inaccurate project cost estimates.

This reason might be trivial, but it can lead to unexpected losses. The resulting actions 
are more or less the same. Bids cannot be withdrawn, so the contractor has to decide 
how they will compensate for this mistake with other projects, in which they want to 
include higher profit margins in the bid. Precise market observation and niche deter-
mination are important factors for success in an auction with a relatively high bid. At 
the end, a fundamental change in corporate strategy will be an inevitably occur.

The aforementioned reasons affect the behavior of contractors and their intention to 
win projects, as well as their willingness to take risks. The following text belongs not 
to the text before.

There seems to be evidence for the high relevance of and need for online, database-
driven, auction games. Context is important when modeling human behavior (Luke, 
2004). The same is true for decisions which are a result of human behavior. Identical 
choices in games result in different behavior and decisions when they are framed dif-
ferently or conducted in different contexts (Kahneman & Tversky, 1979). Therefore, 
describing the environment in which a person makes his or her decisions plays a criti-
cal role in studying and understanding the decision-making process.

Collecting context-related data can significantly help to draw a picture of the sphere 
in which different decisions were made. Hence, online database-driven games can 
play a vital role in future research and the design of blended learning scenarios. The 
latter is a combination of traditional and online teaching and learning methods (Lang, 
2006). In this context, blended learning scenarios will benefit by including online 
games as a further teaching and learning method. By applying this method in conjunc-
tion with a database, researchers can permanently collect market and business devel-
opments, as well as the most interesting variety of user decisions. The analysis of this 
data will help researchers to understand the decision-making process in detail and 
human behavior in general.

In general, business games may offer a greater benefit, particularly in the explora-
tion of relationships (a quite similar discussion can be found in Karl, 2014). Games 
and simulations are frequently used for professional training or academic education 
and knowledge building (Klabbers, 2001; Rafaeli, Raban, Ravid, & Noy, 2003; Wolfe 
& Bruton, 1994). This article described a setting in which a business game can also be 
used as a serious research tool.
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Conclusion 

In Detail, this article contributes to the potential use of business games to study the 
results of auction behavior in a construction business environment and to investigate 
the winner’s curse and its effects for a company and a whole market. Its primary con-
tribution is to the field of business gaming. Although it might be of interest for behav-
ioral science, the article does not intend to provide substantial and generally-valid 
knowledge to this field. The introduced auction environment is based on the common 
bidding method for construction projects; the ‘reverse’ auction low-bid method. 
Studying further auction methods would enable investigations into the bidding behav-
ior in different auction settings. Additionally, it would allow researchers to compare 
the results from various scenarios and studies.

I recommend that further research consider second-price sealed-bid auctions (Vickrey 
auction); this type of auction is also easy to implement. My first hypothesis would be 
that Vickrey auctions potentially reduce the probability for companies to suffer due to 
underestimated project costs. The second hypothesis would be that the bidding strategy 
of every company would be influenced using the Vickrey auction method. The intro-
duced auction environment might be modified to include the additional auction modules, 
shown in Figure 2. This would enable investigations into the bidding behavior in differ-
ent auction settings, as well as results comparison with other studies and scenarios.
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