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Abstract: International construction involves all of the uncertainties common to domestic construction projects as well as risks specific
to international transactions. Consequently, despite the worldwide trend toward globalization, a very small portion of contractors actively
seek international contracts due to concerns of probable failures. This paper describes findings from experiments done to investigate tf
risk attitude and bid decision behavior in the selection of international projects. The participants demonstrated either weak risk seeking it
profit situations or strong risk seeking toward loss situations when choosing between conflicting options of risky opportunities and sure
payoffs. On the other hand, another experimental test attempting to investigate bid behavior when making a realistic bid or no-bid decisiol
in a complicated international construction project reveals the prevailing risk aversion. Further, this paper finds the experimental support
for some of the errors and biases due to risk attitude that commonly exist in bid decisions in this area. Finally, we present lessons learne
and guidelines to make a qualified bid decision through feedback with the participants.
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Introduction global contractors” have sustained losses on their international
markets, while only 9.7% of them have suffered losses in domes-

Globalization pressures have created more opportunities for con-tic projects. More significantly, the average profit from foreign
tractors to enter international construction markets. According to Works among these contractors has declined significantly during
Han (1999, the potential international construction markets are the last 5 years around 2.6 to 7.2%. It implies that the interna-
valued at approximately $3.4 trillion. At present, only 3.4% of tional construction market involves higher risk, but cannot always
this potential volume($116 billior) is actually open to a fully ~ Secure higher returns for the effort.
international competitive market and being done by multinational ~ Perhaps, this explains why, in contrast to the globalization
foreign firms. Accordingly, the globalization of international con- trend, only 19% of current “Top 400 U.S. Contractors” actively
struction markets will provide tremendous opportunities for con- Seek and conduct international contractngineering News
tractors to expand into new foreign markets by allowing local Record 2002 Itimplies that construction firms are apt to display
firms to compete internationally. severe risk aversion that can bias reliable and consistent bid de-
However, bid decisions for international construction markets Cisions in threat or opportunity situations. The fundamental goal
are difficult due to the uncertainties and complexities associatedOf this paper is to test risk attitudes in making a complex bid
with the international construction domain. Failure to understand decision in the international business environment. We conducted
these risky conditions—such as political, economic, cultural, and two procedural experimental tests to investigate risk attitudes.
legal project conditions—can significantly affect a firm’s strategic The initial experiment is designed to test an individual’s risk at-
goals associated with a new foreign market. For example, accord-titude in: (1) Choosing between risky opportunity and sure payoff
ing to Engineering News Recor(Engineering News Record in the case of both gain and loss, af@ rating preferences

1994-2002, almost 15.1% of companies among the “top 225 among different projects with different risk profiles involving the
trade-off between expected value and variation. The subsequent

test is performed to investigate bid behavior when making a re-
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specific industry experts and novigedecision toolg(intui- As presented, typical causes of failure in international con-
tive judgment and decision support mogend the decision  struction projects mainly result from various trade barriers—
makers’ nationalitie§North Americans and Koreay% related to government procurement, subsidies, license, and certi-
fication requirements—and project-specific losses, such as
repudiation, low bid price, labor issues, etc. Consequently, any
Characteristics of Global Expansion possible combinations of these failure factors can make interna-
tional construction quite risky and these causes of business failure

Numerous authoréLucas 1986; Ashley and Bonner 1987; Aziz ¢an seriously affect decision makers’ project selections.
1992 have identified the motive for global expansion. Most
countries seek to obtain contracts overseas to increase their vol-
ume of foreign construction. At the national level, the volume of Previous Studies Related to Risk Attitudes
international contracts contributes to a nation’s trade balance. In
addition, they seek to balance the growth of their company to Many authors have emphasized the importance of recognizing
contribute to their security through increased global activities and decision-makers’ risk attitude in decision making. According to
so to mitigate the impact of the cyclic nature of their workload. prospect theoryKahnemann and Tversky 1979, 198fhe sub-
Moreover, highly specialized firms view work abroad as a means jective values to the outcom@nalogous to utility curvegsfor
of capitalizing on expertise and experience gained from long in- gains and losses are nonlinear, so-called normally concave for
volvement in one type of construction or technology. gains and convex for losses. It means that decision makers are
However, despite these strong motives, a relatively small num- more risk averse in the domain of gains and risk seeking in the
ber of contractors are participating in the international construc- domain of losses. In addition, the authors offered support to jus-
tion market. It is mainly because international construction con- tify the forms of prospect theory’s valu€¢l) Decision makers
tains higher risk than that of domestic markets. The variety of segregate gains and integrate losses to maximize satisfa@jon;
these risks make decision makers more averse to internationalgains increase more slowly than losses decre&4ess
construction projects and force them to require more return beforeaversion”—a loss of a certain number of dollars is more aversive
making a bid decision. As a consequence, contractors are lesghan a gain of the same amount is attragtiand (3) people are
self-assured regarding their bid decisions for international project often risk averse in dealing with a small chance of a severe loss
than for doing work in domestic markets. and risk seeking in dealing with improbable gains. This loss aver-
In particular, small- and medium-sized firms are less likely to sion has been offered as an explanation of why people categorize
enter culturally distant markets because environmental uncer-outcomes as gains or losses and dislike losses more than they like
tainty makes them shy away from new investments or opportuni- equivalent gains.
ties and minimize their resource commitmefitgnn and Reinsch MacCrimmon and Wehrun@ 986 conducted risk attitude sur-
1990; Krishma et al. 1993 These firms are forced to seek low- veys in various business contexts. This study revealed important
risk low-growth alternatives and generally lack the financial ca- facts regarding a decision maker’s attitud&) Decision makers
pability to provide margin and contingency of error. This is highly are more risk averse in opportunity situations than in threat situ-
likely to be the case that contractors that ranked between 100 andhtions; (2) decision makers are extremely risk averse when the
400 among the Top 400 U.S. Contractors rarely participate in chance of loss is too higli3) both Canadian and American man-
international construction markets. In addition, international con- agers believe that Canadians are more risk averse, but there was
struction projects are typically larger in size and more complex no significant evidence to support this belief; ail generally,
technologically and organizationally. Due to the distribution of older decision makers with more seniority in their firms are more
projects around world, the international contractor is more project risk averse. The results of this study are basically very analogous
oriented, more mobile, and subject to more environmental influ- to the works of Kahnemann and Tversky. Both studies show that
ences. decision makers are inherently risk averse in gapportunity
This risky nature of international construction makes the bid situation) and risk seeking in losghreat situatioh
decision for potential project opportunities difficult and severely In particular, Taylor(1991) concluded that subjects are more
hampers a firm’s success. In the critical review of international motivated to avoid losses than to obtain the equivalent gains.
manufacturing business failure done by Gordon and Arnold Brown (1995 also demonstrated that individuals gain knowledge
(1988 and White (1990, a number of important reasons why of forecasting with greater accuracy when threatened by a loss
international businesses fail were pointed qadj: Failure to de- than motivated with more gair(seferred to as “loss avoidancge”
velop a business plari2) lack of commitment from top manage- In addition to these studies, Mak and Raftgty992 demon-
ment in the early stages of the ventu(®) lack of attention to the strated that people tended to be risk averse in forecasting project
development of strategic links in the international market place; return (“conservative] and to be risk seeking in estimating
(4) failure to recognize the demands of operating in a multicul- project cost“speculative’}, which leads to the differences in per-

tural business environment; arif) failure to weigh foreign re- sonal risk perceptions and also generates the systematic biases in
quirements with respect to their social, legal, political, and gov- forecasting both project cost and return. Moreover, they indicated
ernmental procedures. that professional individuals trained in a specific domain tended

Specifically, Lee and Walter€l989 investigated the various  to be less error prone in making estimations than is the case of a
tariff and nontariff barriers to international construction transac- novice group.
tions which put foreign construction firms at a competitive disad- In comparison to these studies, a number of researchers have
vantage and potential failures in doing business in international attempted to find risk attitudes in business decision making and
construction. Moreover, surveys done by U.S. International Trade human judgment. According to Cohen et @982, men are gen-
Administration (1989 and International Contractors Association erally less risk averse than women and so are people with higher
of Korea (2002 show the case studies of damages/losses in inter-levels of income. Weber and Hsdé&998 indicated a cultural
national construction projects. impact on risk attitudes demonstrating that the Chinese are more
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risk averse than Americans or Poles. In particular, de Neufville et + $20M

al. (1977 indicated that contractors behave differently when deal- P=03 (optimistic)

ing with small and large projects, and when operating in good

years or bad so that they are most risk averse toward larger + $5M

projects in lean years and bid relatively lower. P=0.4 (most likely)
All of the studies mentioned above reveal that risk behavior A - $20M

plays a ce_n_tral role in humans’ Qemsmn making under uncertainty. ~ (pessimistic)

Not surprisingly, however, previous research has mostly focused P=03

on how the risk attitude of decision makers can vary under as-

sumed risk situations represented by simple lotteries. Conse-

quently, they cannot forecast risk attitudes under realistic decision B CE
making situations such as bid/no-bid decision for international

projects which exhibit a complex skein of various uncertainties. Fig. 1. Reference investment to measure subjects’ risk attitindine
This paper is concerned with experimental testing for the risk profit case

attitude of project selections in a specific domain of more realistic
international construction environments.

Test Methods and Results

Different people have different attitudes toward risk, and thus
make different choices within the same risky context. A formal
approach to reflecting the risk attitudes in decision making uses
Participants utility theory. Clearly, risk attitude is represented by the convexity
o ) ) ] or concavity of an individual’s utility function when faced with
The participants consist of two groups. Novice s_ubjectS WEre Se-the choice between an uncertain payoff and a safe bet. One way to
lected from the graduate students enrolled in risk and decision zsgess the convexity or concavity of this function is to find the
analysis classes at the University of Colorado and Yonsei Univer- point at which the participant is indifferent between the safe and
sity in Korea. In an attempt to find industry participants, a letter risky options(Brown and Stewart 1999
was mailed to both the top 100 North American and top 100  This research measures the subjects’ risk attitude as a part of
Korean contractors. Several techniques—such as a reminder letthe test to examine if it could influence the bid decision-making
ter, phone calls, and requests for a substitute—were devised toprocess. Two methods are available to assess the utility functions:
increase the participation rate. Ultimately, 44 graduate students(1) Certainty equivalentCE) and(2) probability equivalentPE)
from 2 universities, and 47 industry practitioners from 31 compa- methods. While the former requires decision makers to assess
nies (21 from North American and 10 from Korean contracjors several sure payoffg.e., CE$ that are equivalent in their mind to
were willing to participate in the experiment—representing a 23% a given situation involving uncertainty, the latter needs them to
response rate. Apparently, it is noted that various sources of par-adjust the probability to achieve indifference in the payoffs.
ticipants can avoid bring out similar opinion from a few compa- While several researchers have doubted the usefulness of CE or
nies. Of the 47 industry participants, almost all of théamound PE as a meaningful indicator of an individual risk attitué@ah-
gotyo) were from the vice president, director, or manager level Nén et al. 199)7, this Study adopts the CE assessment teChniqUe to
who have backgrounds with experience in both domestic and in- Mmeasure the subjects’ risk attitudes because it is widely accepted
ternational projects. Of the 91 total participants, 50 were from and easily used for common participants. With the reference lot-
North America(24 from graduate students, 26 from indugtayd tery in Fig. 1, the subjects are asked to specify how much sure

41 were from Kored20 from graduate students, 21 from indus- payoff must be received to make them indifferent between the
try). sure payoff{CE) and the expected value of the given risky invest-

As explained, this research consists of two-step experiments;melr:]t ri?c?étlsc’)trr]gr (;(:l;tc;ilg]s subjects were simply asked to represent
subsequently it requires the respondents of significant efforts andthe CE for given lotteries to determine their attitude toward risk.

abilities to comprehend the time-consuming and complex experi- _, . . -
ment procedures. As the respondents were selected from diﬁerenThIS paper, however, is basgd on the e_xpen_mentaﬂon where stib-
. ) . . . . }ects are ensured by accepting or refusing different monetary val-
eth_nlc groups af‘d with EXperience in overseas construction’ o being offered. To reflect the international business situation,
projects, there m|ght be g||fferences in their ap|||t|§s to COMPIe~ these investment options were based on international projects of
hend the long qu.estllpnnalres and complex project |nformat|on. To which endpoint values are in milliori1) of U.S. dollars. Typical
improve the reliability of the respondents, the subjects from (iqy situations can be formulated by combining the magnitude of
graduate schools were provided with the generic procedures andyrgpapilities and the magnitude of gain or loss. This paper tests
characteristics of international projects through graduate coursethe gecision maker’s risk attitude in a typical situation of interna-
work. Also, the industry participants were considered similar to tional project selection, that is, generally with a relatively “big
each other in their abilities because they have experienced reabrobability of significant gain and significant los&See Fig. 1
overseas projects mostly as a program manager or a chief estima- To determine their risk attitude, the subjects were asked to put
tor to evaluate the feasibility of diverse international projects for themselves in the central decision making role in the given situ-
a number of years. Further, we explained the basic guidelines as ation. For a risk-aversion person, CE value would be less than the
means of supporting each participant to understand the characterexpected monetary valugEMV) [EMV=$20MX 0.3+$5M
istics of international projects and the stepwise voluminous X 0.4-$20M X 0.3=$2M] because he/she is indifferent between
questionnaires through the predestined websitbttp:/ lower CE and the risky investment and so the utility of CE must
www.colorado.edu/engineering/civil/cem/Risks/ equal the higher expected utility of the risky investment. For ex-

Risk Attitude Test: Step 1
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Table 1. Test Results of Subjects’ Risk Attitude

Percent of subjects answeréxb)

To be Average
Case Items To accept To refuse indifferent minimum CE
In profit Offered CE=$1M 22.2% 77.8% — $2.47M
Offered CE $2M? 44.4% 52.4% 3.2% (ng‘r‘nisr?aer'l‘l'”g
Offered CE=$3M 82.5% 17.5% —
In loss Offered CE=$3M 4.8% 95.2% — -$1.46M
Offered CE=$2M? 30.2% 63.5% 6.3% (Risk seeking
Offered CE=$1M 84.1% 12.7% 3.2% dominan}

Note: CE=certainty equivalent.
*The expected monetary value for the risky option.

ample, if someone answers CE equals $1M, it indicates that he/toward gain were slightly dissimilar compared to the test results
she prefers the sure payoffs rather than risky options. On the otheperformed in a simple teasing lottery te@te., an optimistic
hand, if the CE was greater than the EMV, this would imply that gamble which consists of small chances of big gain, and a big
the decision maker would be a risk seeker who is not content to chance of gaining nothingFor example, according to test results
release the risky opportunity without being paid. To define the of Kahnemann and Tverskit982, 84% of subjects preferred the
subjects’ prevailing risk attitude, three typical CE to differentiate sure gain($240 to the gamble that consists of 25% chance of
the personal risk propensity are offered to each subject and he/shgaining $1,000 and 75% chance of gaining nothing, which forced
is asked to accepyes or refuse(no) the offered CHsee Appen- them to avoid the higher possibility of bad consequences. How-
dix 1). In addition, each subject is required to measure the mini- ever, our study reveals that the majority of participants who took
mum CE which makes him or her prefer a sure outcome over aon risk seeking attitudes in the profit situation were motivated to
risky option. prefer a risky option because it involves a big probability of big
The subjects who answered “yes” or “indifferent” to the CE gain(in the sense that the probability of gain and their payoff are
which is less than or equal to the EMV are considered risk averse.70% and $8M, respectively
Conversely, the subjects who answered “no” to the CE which is  The above tests were performed to determine the basic risk
less than or equal to the EMV are considered risk seeking. Tableattitude in choosing between the conflicting options of risky op-
1 shows the test results indicating that decision makers in the portunity and sure payoff. However, when people make a decision
profit situation assume weak risk seeking because half and morebetween two alternatives, generally both alternatives are per-
subjects would not like to sell the risky opportunity when they ceived as risky. While some people prefer safer options, others
were paid the CE that is less than or equal to the EMV. The assume risks in exchange for a chance of return. A number of
critical factors which effected their decisions are summarized se-researchergAn and Tang 1984; Moselhi and Deb 1993ave
quentially as:(1) Expected return{2) chance of gain(3) the noted that the expected utility for project selection with a consid-
highest potential amount of ga{significant gain; (4) the highest eration of risk can be expressed by the mean value and the stan-
potential amount of losésignificant losg and(5) chance of loss. dard deviation of the possible outcome. Accordingly, the possible
These factors can be explained by the fact that the decision mak-rade-off between expected value and variation among different
ers are willing to invest in risky situations, particularly in the international projects could be an interesting area to survey. To
specific domain of a “big probability of significant gain and sig- evaluate the risk-return preference, we conducted another test
nificant loss” configuration. Accordingly, they focused on the which asked participants to rank the preferred options among
speculative factors such as probability of gain and amount of gain three alternatives with different risk profiles by using index num-
despite the project having a 30% potential for significant loss. bers ranging from 1(least preferableto 7 (most preferable
These factors motivated decision makers to invest in the risky Table 2 summarizes the test results.
situation. It is noted that the participants may decide that they are willing
Similarly, in another case when the investment lottery was to accept a $3.5M increas&00%) of the expected return for the
revised to lose money by changing the most likely tree(-as  $13.6M increas€230%) in variation between Option 1 and Op-
$5.M (EMV=$20M X 0.3-$5M X 0.4-$20M X 0.3=-$2M), tion 2. However, unlike the above choice, they preferred Option 2
most subjects showed strong risk seeking attitudes. This impliesover Option 3 despite Option 3 having the highest expected re-
that they prefer risky investments to the sure loss and, conse-turn. The fact that the highly risky situation involved in Option 3
quently, focused on the positive factors such as potential probabil-cannot be compensated for by an improvement on the expected
ity and amount of gain rather than possibility of loss. These find- return explains this result. In addition, each subject was required
ings are slightly inconsistent with previous studies in that decision to rank the factors which affected his/her preference. The critical
makers are likely to be more risk seeking both in gain and loss factors are summarized sequentially éb: Expected return(2)
situations. Approximately two-thirds of the subjects in the profit the highest potential amount of logsignificant losg (3) the
situation appeared risk seeking when focusing on possible gainhighest potential amount of gaisignificant gain; (4) variations
rather than risk averse when attempting to avoid the severe lossn return(standard deviationand(5) chance of gain. The impor-
by capturing the CE—somewhat contrary to previous research. Ittant point to note is that the subjects preferred a higher expected
is mainly because we formulated this test to include significant return to some extent, but concurrently they did not prefer higher
loss, nominal gain, and significant gain, which exhibits a complex variation in return in choosing between competing projects.
combination of decision situations. Subsequently, risk attitudes  Specifically, the means of the minimum CE and preferences

286 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT © ASCE / MARCH 2005



Table 2. Test Results of Risk—Return Ratirignit: $Million)

Risk profiles
Average Average
Possible Expected Standard preference ranking
Option Items outcomes Probability return deviation index 1-3
1 Pessimistidloss -5 0.3
Most likely 5 0.4 35 5.9 4.38 1.81
Optimistic (gain) 10 0.3
2 Pessimistidloss -20 0.3
Most likely 10 0.4 7 19.5 4.59 1.62
Optimistic (gain) 30 0.3
3 Pessimistiqlossg -50 0.3
Most likely 15 0.4 12 46.5 3.17 2.57
Optimistic (gain) 70 0.3
*Note: 1: Least preferable, 7: Most preferable
among three risk-return options between the two grampsice environment. Accordingly, we have moved from the test of sub-

and industry are compared. The independent-samples t-test wasjects’ basic risk attitude to the experimental test to investigate bid
performed to analyze the data between these groups. The nulbehavior when making a bid decision on complicated interna-
hypothesis is that there is no difference between groups in termstional construction projects.
of subjects’ risk attitude and their preferences among different ~ An experimental test was conducted to identify the risk atti-
risk-return traded projects. Table 3 shows that with the degree oftude on realistic international project selections rather than evalu-
freedom of 89, the observed difference of 1.7 for the means of ating CE to determine risk propensity. In this test, the risk attitude
subject’s preference to Option (safes} differed significantly at  is a function of independent variables such as intuition or the
5% significant leve(p<0.05, two-tailed test This indicates that  decision support model, decision makers’ international experi-
a preference level to Option 1 of industry participants is higher ence, decision makers’ nationalities, and various configurations of
than that of the novice group. In contrast with the novice group, project conditions.
industry participants showed more conservative attitudes toward  The participants consisted of two different backgrounds with
their selection and subsequently preferred the safest Option 1 t0regard to experiencé4 novice graduate students, 47 industry
riskier Option 2. For other items, we found no statistically signifi- professionals These two groups were divided equally into two
cant differences at the level of 0.05. subgroups, which consisted of an “intuition group” and “decision
support model group.” As indicated by the subgroup names, the
intuition group used their intuition combined with rudimentary

Experiment to Test Bid Behavior: Step 2 financial analysis to make the bid decision. The model group used
the decision support model to make bid decisions proposed in the
Experiment Design following section. Participants were randomly selected and ex-

sed to only one level of test.

One of three international projects was assigned randomly and
equally to each participant in an attempt to investigate the risk
attitude according to the project conditions and participants’ ex-
perience. These case projects were prepared based on three real
overseas projects, such as a power p(@ase }, housing project
(Case 2, and highway projectCase 3. We modified the real
project conditions to shape diverse project conditimg., good,
Table 3. Independent-Samples T-Test Resulistween Novice and In- moderate, or badin an attempt to measure the risk attitudes in
dustry deciding a bid decision in the event of specific project conditions.
The modifications include manipulating project economic situa-

We performed the previous tests to determine the basic personaP0
risk attitude in choosing between the conflicting options of a risky
opportunity and sure payoff. The participants showed weak risk
seeking in profit situations and strong risk seeking in loss situa-
tions. However, decision makers seldom confront such opportu-
nities that offer a completely sure payoff in the real business

Mean tions as well as assigning the critical success/failure factors to
Items Novice Industry  tvalues p (two tailed each case based on the previous research, such as Arditi and
Minimum CE $2.54M $2.40M  0.495 0.623 Gutierrez (1991, Kalayjian (2000, and Han and Diekmann
(Profit casg (200). In addition, five other industry experts were joined for
Minimum CE —$1.32M  -$1.62M 1.011 0.316 prior assessment of each project with a consideration of both their
(Loss casg own judgments and the computational results from the decision
Preference to 3.70 5.13 4.840 0.000 support tool proposedsee the following section Accordingly,
Option 1 through the manipulations, a consensus of prior experts’ assess-
Preference to 4.60 456 0.144 0.886 ment, and support from the decision analysis tool, the Case 3
Option 2 project is assessed to be a “good” candidate; the Case 1 project is
Preference to 3.18 3.17 0.040 0.968 a “moderate” candidate; and the Case 2 project is a “bad” candi-
Option 3 date.
Note: CE=Certainty equivalent. Bold-faced items indicate significant dif- ~ The suggested correct decisions were veiled from all partici-
ferences at 95% confidence level. pants in order to avoid any potential biases. The subjects were
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Table 4. Test Results of Subjects’ Bid Decision

Number of subjects answeré#ll subjects

Novice subjects Industry subjects

Model Model
Case ltems Intuition assisted Intuition assisted Total
1 Bid 5 0 2 0 7
(Moderate No bid 2 6 5 4 17
Inter mediate 0 2 1 3 6
Subtotal 7 8 8 7 30
2 Bid 1 0 0 0 1
(Bad) No bid 5 7 8 8 28
Intermediate 1 0 0 0 1
Subtotal 7 7 8 8 30
3 Bid 7 6 4 6 23
(Good No bid 1 0 4 1 6
Intermediate 0 1 0 1 2
Subtotal 8 7 8 8 31
Total 22 22 24 23 91

Note: Bold-faced decisions indicate the correct answers suggested. Participants were randomly selected and exposed to only one levelfofegst. There
once the participants’ backgroundsovice or industry professionalvere identified, each participant within each group was randomly and equally
assigned to the two subgroufntuition” or “Model assisted). Finally, one of three international projects were assigned randomly and equally to each
participant.

given information describing the detailed conditions of the project ing definite go and definite no-go percent of profitability, by as-
and were not told which group they were in. The test was limited signing “weight” to these multicriteria outcomes, and by setting
to a single decision making unit, while real decision situations up a firm’s minimum acceptable limit to pursue a project to evalu-
typically consist of multiple decision participants who exhibit dif- ate its overall conditions. Accordingly, each participant assigned
ferent types of decision behaviors. However, the selection of ato the model-assisted group was asked to make a bid decision
single respondent from each firm is justified because we askedbased on the computational model outputs. This model is ex-
participants to make a decision from the firm’s standpoint. Ex- plained in more detail in Han and Diekmar2001).
amples of the information and the questionnaires are shown in
Appendix II.

Apart from the typical format of experimentation, this test was Results and Findings
not performed in a laboratory environment because a bid decision
under various risk configurations requires sufficient time. There- The results are presented in the following ord@&):Risk attitude
fore, participants were not forced to complete the questionnairesregarding different decision tools, different project conditions,
hurriedly (in general, we asked them to finish it in less than)2 h  and the decision maker’s experiend@) the decision makers’
different perceptions on definite go and definite no-go profitabil-
ity, and minimum acceptable limit as a function of, project con-
ditions, the subjects’ experience and their nationalities; @)d
To discover the risk attitude in intuition-based and model-assisted reasons for errors in the bid decision.
bid decisions associated with overseas projects, we proposed the
formal decision support model. The decision support model is
conceptualized as one that is decided primarily on a profit crite-
rion. If a project fails to satisfy the profitability criterion, other The results of the bid decision are shown in Table 4. Of the 91
potential benefits of pursuing the project are considered. In this participants, 31 participants made an optimistic bid decision,
process, the decision maker sets an absolute goal on “project profwhile 60 participants made a cautious no-bid or intermediate de-
itability” above which the decision is “definitely go.” The deci- cision. In more realistic situations where subjects made decisions
sion maker also sets a lower profitability limit to fix the “defi- against different projects, 23 out of 30 participants made a “no-

Formalizing a Decision Support Tool

Risk Attitude Regarding Different Configurations

nitely no-go” decision. If project profitability lies between the
profitability limits, the decision is made based on multicriteria
considering both “project profitability” and “other project benefits

bid” or “intermediate” decision against Casdroderate projeg¢t
which indicated that 76.7% made the correct decision. The par-
ticipants of Case 3(good project showed a similar result

such as gaining future markets, their need for work, developing (74.2%9, while most subject$28 out of 30 subjecismade a per-
new relationships, etc.” In addition, this model applies the cross fect “no-bid” decision against Case(Bad project Specifically,
impact analysiCIA) method to assess the various uncertainties for the intuition-based participants, around 42% of the subjects

associated with international construction.

assigned to the Case 1 and Case 3 groups made wrong decisions

The model generates the two outcome criteria from the CIA (13 out of 31 subjecis In contrast, most of the subjects assigned

calculation:(1) Project profitability and2) other project benefits.

to the Case 2 group made almost perfect decisions regardless of

The decision maker can make a bid/no-bid decision by determin- their decision tools.

288 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT © ASCE / MARCH 2005



Table 5. Indications of Risk Attitude with Respect to Decision Criteria

Profit % of Profit % of Weighting Minimum
“definite go” “definite no-go” ratio score to go
Average values 10% 0.40% 67:33 70.4
Project Case 1 9.2% 1.4% 64:36 69
conditions Case 2 10.3% 0.8% 72:28 74
Case 3 10.4% -0.8% 63:37 67
Subjects’ Novice 8.8% 0.7% 61:39 63
experience Industry 11.4% -0.4% 70:30 735
Nationalities North Americans 11.0% 1.40% 72:28 73.6
Koreans 9.0% -2.8% 60:40 63.8

The distinctive point to note is that decision makers generally correctness with respect to different decision tools, project condi-
make good decisions for bad projects by screening unfavorabletions, and subjects’ experience.
factors, but they get confused by risk aversion behavior when
making the same decision for good or moderate projects. As a
consequence, they lose good profit making opportunities by aban-
doning potential projects. On the other hand, in the case of theWhen determining a bid decision by the decision support model,
model-assisted group, most subjects could arrive at a correct de-each subject was asked to indicate their perceived profit of defi-
cision regardless of different project conditiof®3.3% correot nite go and definite no-go, weighting ratio between profit and
In conjunction with this result, we conclude that a fundamental other project benefits, and “minimum acceptable point” by which
function of the decision support model lies in its ability to prevent they would choose a bid or no-bid. We investigated the risk atti-
a decision maker from missing a good profit making opportunity tude through the following question: “Are these answers different
by mitigating severe risk-avoidance behavior rather than staying with respect to the project conditions, participant’ experience, and
safe due to several repellent factors. their nationalities?” Table 5 shows the details of our findings.

This highlights the fact that risk attitude on bid decisions for Although there was not a significant difference between the
international projects depends not only on the decision mecha-three projects, a bad or a moderate project reveals slightly higher
nism, but also upon an individuals’ predisposition to minimize values in definite go, definite no-go, weight of profit, and mini-
possible loss. These findings coincide with the previous study by mum score to go. It can be explained by the fact that decision
other researcher@viacCrimmon and Wehrung 1986(1) Deci- makers become more risk averse and require stricter standards to
sion makers are more risk averse in opportunity situations than inmake a bid decision when they are confronting bad projects. The
threat situation$Eight subjects made no-bid or intermediate de- second point to note is that industry participants were more risk
cisions for Case 3good projeck], (2) decision makers are ex- averse than novices. Industry participants indicated higher values

Risk Attitude in Terms of Marginal Profitability

tremely risk averse when the chance of loss was too higity in the minimum allowable profit of definite go, weighting ratio,

two subjects made “bid” decisions for Caséliad projeck], and and minimum acceptable points. Typically, decision makers with

(3) decision makers are more risk taking for business decisionsmore experience were more risk averse.

involving losses than involving gair$Seven subjects made bid In addition, 41 Korean subject®0 graduate students, 21 in-

decisions for Case (moderate projegt. dustry companiesrepresented more risk-taking values than those
Additionally, we did not find a strong relationship between the of North American participants. Particularly, they replied

subject’s risk attitudé€“Step 1” tesj and their bid decision behav-  “-2.8%" profit for definite no-go. The negative value means that

ior (“Step 2" tes}. For example, participants who exhibited a risk they are willing to go if the other project benefits could be enough
averse attitude in the Step 1 did not necessarily make a no-goto outweigh the loss. Additionally, they put a low minimum ac-
decision for Case {moderate projeg¢tor Case 3good projeckin ceptable point to decide to g63.8 poinj in comparison to that
the subsequent Step 2 test. In other cases, risk seekers often mads the North American participant¥3.6 poinj. We assume that
a no-go decision for Case 3 in the realistic bid decision test, this result is due mainly to the differences of both cultural and
indicating that the participants in the procedural tests appear to bebusiness climate.
inconsistent. It implies that people are likely to behave differently
between the individuals perspectives and those when taking on
the role of a firm’s executive in making a more realistic bid de-
cision on complicated international construction projects. Further, we investigated the reasons for errors in the processes of
In turn, we performed an analysis of varianG@NOVA to bid decisions. As noted, decision makers were confounded by the
determine if a dependent variable can be affected by two or morecomplexity of the circumstances. There were numerous factors
factors. The null hypothesis is that there is no difference in terms that caused the subjects to make incorrect decisions. We found
of decision typegbid, no-bid, intermediajeand decision correct-  two types of incorrect decisiongl) Type I: A bid decision for
ness between the decision tools, experience, and project condibad or moderate project®tal nine occurrencésgnd(2) Type Il
tions. The result of combined effects shows that with the degree A no-bid decision for the good proje¢total eight occurrences
of freedom of 85, the F-values are above 3.496. This value is Most Type | errors were made by the novice group, while Type Il
greater than that of the corresponding F-value at the 5% level. It errors were from industry participants. In contrast with Type |
indicates significantly high differences in the decision types and errors, which resulted from temptation created by several positive

Reasons for Errors in Bid Decision
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factors, Type Il errors occurred mainly due to negative factors
(for example, unfavorable political/economic risks, government

control, and competitive bid typeand subsequent exhibition of 3.

an extremely risk-averse attitude against the international oppor-
tunity.

Subject Feedback and Discussions

To determine whether the participants who made wrong decisions
would change their initial decisions given the further information
generated by a decision support tool and other eXpepiions,

we conducted feedback with participants. Among 17 incorrect
subjects, ultimately ten participants were willing to join the sub-
sequent test. Among them, four subjects belonged to the industry
group(“Case 1": One, “Case 2": None, “Case 3": Thjend six
were from the novice groufCase 1: Four, Case 2: One, Case 3:
One. We asked if they would like to change their initial decisions
for any reason. As a result, seven subjects changed their previous

decisions that were originally incorrect. The following are main g

findings:

1. Three out of four subjects assigned in Cagg®d project
judged positively with the additional positive information.
They were more inclined to support a “bid” decision because
of high subsequent profit and relatively favorable conditions,
such as minimal schedule risks, unit price contract, and the
soundness of the funds financed by the World Bank. Note
that the favorable information can lessen the severe risk aver-
sion in pursuing a profitable project.

2. One subject involved in the Case(l2ad project corrected
his decision because the Case 2 project is too risky to justify

people to lessen possible errors and assisting experienced
decision makers to mitigate risk avoidance.

The bid and no-bid decision requires both historical data and
an expert's subjective assessment to evaluate the potential
benefits and possible drawbacks of new projects. Often, it is
difficult to get the appropriate information due to the possi-
bility of personal bias. Particularly, the company should es-
timate the risk variables using both available historical data
and expert judgments to lessen any possible biases and the
tendency toward risk avoidance.

The subjects perceived that the top ranked factors in the case
of bid decision are “possible project profit,” “well-defined
project scope,” “possibility for future market,” and “firm’s
desire for international markets.” On the other hand, partici-
pants felt differently regarding the factors for the no-bid de-
cision, such as “low profit/gain,” “amount of risks,” “owner’s
factor such as bad reputation and no existing relationships,”
and “currency devaluation.” The multicriteria integrated
model platform is desirable to incorporate these important
factors.

A company seldom confronts such opportunities that decide
a definite-go or definite no-go in the real business environ-
ment. It is desirable for a firm to set up strategic alternatives
to improve project conditions in real situations. Finally, test
results denoted that people preferred a higher expected return
to some extent, but concurrently they did not prefer higher
variation in return in choosing international projects. The
possible trade-off between expected value and variation
among different international projects should be married to
the qualified project selections.

pursuing. The negative factors such as higher political insta- conclusions and Future Recommendations

bility, low profit margin(lump sum contragf and unreliabil-
ity of funds forced him to change his original decision.

3. Three out of five subjects involved in Case(rhoderate
projech changed their initial decisions into no-bid. However,

This paper investigated the risk attitude in the selection of inter-
national projects, which are manipulated to have various levels of
uncertainty in the international business domain. Some of the er-

two subjects were not swayed because they would expectyors and biases due to the risk aversion in the bid decisions were
other benefits such as the potential for future markets despiteexamined. Based on the measurements of the procedural tests, we

its low profitability.

concluded that decision makers felt it was more difficult to make

In terms of the feedback reSU'tS, itis falrly straightforward to a decision for “good project or moderate project" than for “bad
note that the SUbjectS who made errors in making bid deCiSionSproject_" Subsequent]y' they were very conservative in pursing

due to their risk avoidance can arrive at right decisions in a com- probable projects. Primarily, these findings in this domain were

plex project condition if they are provided with appropriate infor-

analogous to the previous research in cognitive/judgment psy-

mation, the support of decision support tools, and an expert's chology, which have resulted in the common assumption of risk
consensus opinion. Based on the experimentation tests and feedattitudes in the process of decision making under uncertainty.

back, we make the following suggestions regarding the lesson

Limitation of this research includes the results obtained from a

learned and the appropriate application to future project selec-small sample size. While attractive test results were obtained from

tions:

91 active participants, the numbers are not enough to perform

1. There is a long history of previous studies indicating that more comprehensive statistical analysis. The limitation resulted

business people, when making a decision under uncertainty,mainly from the fact that the procedural tests took a long time to
have a tendency to be risk averse. Although people tried to complete. Many prospective test subjects the writers contacted
make good decisions, both novices and industry participantswere not willing to spend that much time for the research. How-
repeatedly showed that intuition based decisions were flawedever, encouraged by the test results, we intend to focus our future
by the complexity of uncertain information and several bi- research on the extension of the current study for in-depth risk
ases due to risk aversion. Accordingly, appropriate project attitudes in terms of different projects with more varieties of risk
selection should rest in how to lessen the risk aversion by the profiles, different decision makers’ personal backgrounds, such as
adoption of risk and decision analysis tools. seniority, age, education, firms’ size, and more diversified nation-
While the decision support model increases the decision cor-alities. Further, it can be valuable to test the decision makers’
rectness for all groups, it is more helpful for novices than for ability to distinguish between good and bad projects based on the
experienced industry professionals by helping them avoid different combination of judgment cues such as expected return,
undesirable risk aversion in capturing potential opportunities. risk (variance of project profif return on investment, and other
Subsequently, the decision tool aims at aiding inexperienced valuable project benefits.
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Appendix |. Survey for Measuring Risk Attitude

Direction

This is an experiment in bid decision making. Suppose that

» Optimistic: gain $30 million dollars with a probability of
0.3

* Most likely: gain $10 million dollars with a probability of
0.4

you are interested in overseas projects, but also concerned about ¢ Pessimistic: loss $20 million dollars with a probability of
risky situations in a highly uncertain business environment. You
are presented with three separate decision tasks.

Choice between two alternatives (in the profit case)

You are asked to specify how much sure payoff must be re-
ceived for you to be indifferent between the expected value of the

given risky investment that is not certaioption A) and the sure
payoff (option B).

Option A (expected monetary value equals $2 million do)ars
» Optimistic: gain $20 million dollars with a probability of

0.3

* Most likely: gain $5 million dollars with a probability of
0.4

» Pessimistic: loss $20 million dollars with a probability of
0.3

Option B (sure outcome offejs
You need to make a decision whether to choose a risky oppor-

0.3
Option C (expected return: $12.5 million, standard deviation:

$46.5 million dollarg

* Optimistic: gain $70 million dollars with a probability of

0.3

* Most likely: gain $15 million dollars with a probability of
0.4

» Pessimistic: loss $50 million dollars with a probability of
0.3

1. Please rate your preferences among three alternatives with
different risk profiles by using an index number, ranging
from 1 (least preferableto 7 (most preferableand then rank
them in order.

e Option A( ) Option B( ) Option B( )

e Rank( — — )

tunity or a certainty outcome. Please decide to accept or refuses  \what are the four most critical factors which affect your
the following offers;

1.

If another firm suggests that you sell a risky investment op-
portunity for $1 million dollars, would you accept it?
O Yes 0O No 0O Indifferent

If another firm suggests that you sell a risky investment op-
portunity for $2 million dollars, would you accept it?
0 Yes [ No [ Indifferent

If another firm suggests that you sell a risky investment op-
portunity for $3 million dollars, would you accept it?
OO Yes O No [ Indifferent

What is the marginal sure price to decide to sell your risky
investment opportunity that is equivalent in your mind to a
given situation involving uncertainty?

()

What are the four most critical factors which affect your
decision? Please rank the flowing factors in orffer ex-
ample,0—-0—0-—0).

O chance of loss] chance of succeds amount of signifi-
cant lossl] amount of significant gaifl expected return]
offered sure outcomél (list other factorg

Choice between three alternatives (tradeoff between return
and variation)

preferences? Please rank the flowing factors in offlar
example,0—0—0—0).

O chance of los$] chance of succeds amount of signifi-
cant lossll amount of significant gaifl expected returri]
variation in return(standard variation (list other factor$

Appendix Il. Survey for Bid Decision  (Case 1)

Direction

Suppose that a construction firm would like to seek opportu-
nities abroad. Among the international markets, particularly, the
company is highly interested in Asian-Pacific Rim countries be-
cause this region is one of the strongest construction market in the
world. However, the company is also concerned with critical
changes and the uncertainties currently confronting Asian coun-
tries. Therefore, the company needs to make a hard decision as to
whether to bid/no-bid the project with due precautions.

What Decision Has to Be Made?

To do business successfully, the decision maker wants to get
reliable and sufficient information to decide whether to pursue the
projects by evaluating:

1. Potential profitability of the projecprobability of loss/gain
2. Amount of risks involved, types of controllable/
uncontrollable risks

You are asked to rate your preferences among three different3. The firm’s ability to perform the projedthe firm's qualifi-

alternatives. This test is designed to evaluate the possible trade-  cation for the projegt
off between expected return and variation among different inter- 4. The firm’s competitiveness to win the contract
national projects.

Option A (expected return: $3.5 million, standard deviation:

$5.9 million dollars

» Optimistic: gain $10 million dollars with a probability of
0.3

» Most likely: gain $5 million dollars with a probability of
0.4

» Pessimistic: loss $5 million dollars with a probability of
0.3

Option B (expected return: $7 million standard deviation:

$19.5 million dollarg

5. The strategic importance to the future of the compéder
veloping new relationships, gaining future markets

6. The firm’s minimum level of goals to make decisiquoat-off
points, etc.

Project Boundary Conditions

The following are boundary conditions, which are given ini-

tially based on bid documents.

1. Owner: Laos GovernmeiElectric Du Lao$

2. Project type: Power plant constructi¢Approx. $250 Mil-
lion)

3. Biding system: Open competitive bid
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4. Contract type: Fixed fedump sum with escalation clause
for rising material and labor, etc.

5. Total duration: 48 month€998-2001 with relatively strict
schedule completion penalties.

6. Payment methods: 50% in U.S. dollars, 50% in local cur-
rency. Currency: 42.3 Bahti U.S.

7. Timing of payments: Based on milestone dat@rmally
monthly basis

8. Financing aid: The owner will receive financing aid from
World Bank, which provides sound financial capability.

9. Applicable contract law: International standard contract writ-
ten in both the local language and English.

10. Risk sharing: The Laos government is responsibledare
majeurerisks.

11. Tax reduction/exempt conditions: Tariff exempt, Income Tax

Reduction provided based on international trade agreements
Important Information
1. The company is not familiar with the business environment
in Asian countries. Moreover, the company does not have an
existing relationship with the owner.
The company has market goals to enter into the growing
Asian countries. The company has sufficient resources to do
additional work and is eager to seek overseas projects to
satisfy need for work.
The Laotian government is responsible for managing the en-
tire project. The degree of government intervention and con-
trol is known to be very high. In addition, this country has an
unstable political system and there is a large amount of po-
litical bureaucracy.
There are several competitors. By considering the various
factors, the company anticipates the winning probability as
25%. If the company loses the bid, the bidding c@tout
$250,000 will be lost.

2.

projects, but never performed this type of project in the in-

ternational market. However, the company feels that they can
perform this project successfully because they have sufficient
experience with this type of project in the domestic market.

In addition, the company has technological advantages in
designing and implementing specific power plant equipment.
In addition, varieties of uncertainties involved in the project

settings are provided in the flowing table so that you can

evaluate the uncertain project conditions based on your judg-
ments about each risk variab(€he details are omitted

The main questions

1. Decide to bid or no bid.

2. ldentify the three most critical risk factors which affect your
decision.

3. What type of strategic alternativése., alliance can you
identify to mitigate/avoid risk variables?
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