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Abstract

Project risk is a critical factor in estimating project budget. Previous studies on this topic have only addressed estimation methods
that consider project budget reserves against identified risks. As a result, project managers still face the challenge of completing
projects within given budgets but without the relevant tools to deal with unidentified risks. This study proposes an approach for
estimating reserves for both identified and unidentified risks separately. The study also suggests using the three-point estimation
technique and R-value determination for estimating risk costs, which can improve budget accuracy and precision. The con-
struction of residential building projects in South Korea demonstrates the advantages of the proposed approach compared with

previous methods.
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Introduction

Cost is the most critical parameter (Becker, Jaselkis, & El-gafy,
2014; Ke, Ling, & Ning, 2013; Sweis, Sweis, Rumman,
Hussein, & Dahiyat, 2013) within the standard success criteria
of cost, schedule, and performance targets—often called the
“iron triangle” (Pfleeger & Atlee, 2006; Williams, 2016)—
when it comes to managing projects. However, in reality,
project cost overruns and scope creep are normal phenomena
in infrastructure and construction projects carried out in both
developed and developing countries (Bhargava, Anastrasopou-
lous, Labi, Shiha, & Mannering, 2010; Doloi, 2013; Enshassi,
Al-Najjar, & Kumaraswamy, 2009; Frimpong, Oluwoye, &
Crawford, 2003; Sambasivan & Soon, 2007; Smith, 2014).
Flyvbjerg, Holm, and Buhl (2002) found that 90% of construc-
tion projects underestimated costs, which resulted in cost over-
runs of between 50% and 100%.

Project cost overruns are significant problems in govern-
ment project management as well. In government project
management, projects are complex and larger. Thus, many
large-scale, complex systems development projects also expe-
rience persistent cost and schedule overruns (U.S. Government
Accountability Office [GAO], 2013). In 1983, the Nunn-
McCurdy Act was passed into law by the U.S. Congress to
prevent overruns. The law requires Department of Defense
(DoD) acquisition programs and other large-scale federal gov-
ernment projects to report to Congress when they exceed

certain established cost overrun thresholds (Schwartz, 2010).
This law has been amended many times over the years to reflect
evolving federal project management and reporting practices
(Adoko, Mazzuchi, & Sarkani, 2016).

While project managers have been managing projects to meet
budget, time, and performance targets, researchers have been
trying to identify the root causes of cost overruns and develop
accurate budget estimation methods to solve these problems.
According to previous researchers, risks are one of the major
reasons for cost overruns; thus, various budget estimation meth-
ods, including estimating project reserves against risks, have
been developed. However, previously developed project reserve
estimation methods were presented to estimate reserves against
identified risks only, even though budgets against unidentified
risks are also included in project reserves, which is a deficiency
of the budget estimation methods previously studied. Thus, proj-
ects still may suffer from cost overruns.

Project budgets are funds estimated during the planning
phase based on what the project is expected to cost at
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completion. It is very difficult to estimate project budgets accu-
rately before executing the projects due to lack of information
and risks. Thus, a project management plan including cost
estimation are developed at an early stage before projects are
constructed. So, it is very difficult to accurately estimate the
project budget due to lack of information or data (Creedy,
Skitmore, & Wong, 2010; Koushki, Al-Rashid, & Kartam,
2005; Oberlender & Trost, 2001), and is needed for justifica-
tion of projects on economic grounds and for efficient capital
planning and financing (Baccarini, 2006; Caron, Ruggen, &
Merli, 2013).

The purpose of this article is to develop an innovative bud-
get estimation method that includes estimating project budget
reserves against both identified and unidentified risks. This
article will discuss the advantages of the method presented
herein, along with recommendations for a simplified treatment
of correlations between past performance and future perfor-
mance. Application of this methodology in example projects
will also be presented. Twenty residential building construction
projects in South Korea were selected, and the variances
between budgets and actual costs were analyzed.

Literature Review

Researchers have investigated the root causes of cost overruns
and developed solutions to prevent them in different countries
and various ways. According to previous research, inaccurate
cost estimation and uncertainties are the major reasons for cost
overruns. Various estimation methods have been developed to
mitigate the additional costs resulting from uncertainties. How-
ever, the existing models have estimated project reserves for
identified risks only so that cost variances cannot be predicted
and controlled; thus, cost overruns are still a common occur-
rence in project management. The main drawback of the exist-
ing estimate reserve methods is their lack of consideration of
unidentified risks. Therefore, an innovative budget estimation
method that responds to unidentified risks as accurately and
precisely as possible is required in order to avoid cost overruns.

The Root Causes of Cost Overruns

Nawaz, Shareef, and Ikram’s (2013) work on cost performance
in Pakistan listed factors that are responsible for cost overruns.
These factors include corruption and bribery, political interests,
poor site management, delays in site mobilization, rigid atti-
tudes among consultants, extra work without approvals, and
frequent changes during execution. In Ghana, 75% of ground-
water construction projects exceeded the original project
schedule and budget. The main causes of the delays and cost
overruns were financial difficulties, poor resource manage-
ment, and unexpected natural events (Frimpong et al., 2003).
Sweis et al. (2013) analyzed different types of public construc-
tion projects in Jordan and found that 65% of them were not
finished on budget. The major factors that caused the cost over-
runs were governmental delays, followed by severe weather

conditions, and design changes. These three factors account for
73% of cost overrun causes. A survey of 104 public projects in
Singapore indicated that nearly two-thirds suffered from cost
overruns and more than half were delayed due to risks (Hwang,
Zhao, See, & Zhong, 2015; Ke et al., 2013). According to
Koushki et al. (2005), delays and cost overruns increased in
the construction of a private residential project in Kuwait due to
three main causes: contractor-related problems, material-
related problems, and owners’ financial constraints. In the
Nigerian construction industry, one of the causes of cost over-
runs was inadequate contingency allowance, where a 5% to
10% contingency allowance was a common practice. However,
the actual 17.34% contingency allowance estimated falls
within the 15% to 20% allowance recommended by the U.S.
Department of Energy (DOE) for budget estimates of new
buildings (Aibinu & Jagboro, 2002). Aziz (2013) presented
improper bidding/tendering methods, inaccurate cost estima-
tions, and unexpected risks as the major factors causing cost
variations for constructing wastewater projects in Egypt. Eco-
nomic factors such as interest rate, unit price for material and
labor, rental rate for equipment, and changes in planned works
were risk factors for building construction in South Korea (Cha
& Shin, 2011). More recently, other studies have shown some-
what similar results. Major factors affecting cost overruns in
public construction projects included: materials price fluctua-
tions, lack of experience among contractors, incomplete draw-
ings, government delays, incompetence, inaccurate estimates,
improper planning, and poor labor productivity (Doloi, Sawh-
ney, & Rentala, 2012; Kasimu, 2012; Memon, Rahman, & Azi,
2012; Tabish & Jha, 2011). Researchers have indicated that
these significant cost overruns are caused by uncertainties aris-
ing from risk events and inaccurate budget estimates (Banner-
man, 2008; Creedy et al., 2010; Elkjaer, 2000; Hullet, 2012;
Lai, Wang, & Wang, 2008). Uncertainty of cost items is an
important aspect in complex projects, and cost uncertainty
analysis aims to help decision makers understand and model
different factors that affect funding exposure and ultimately
estimate the cost of projects (Khodakarami & Abdi, 2014).
As a result of this research, two main causes of cost overruns
have been identified: One is managerial factors not related to
risks, such as regulations, contract methods, and political
issues, and so forth, which are beyond the scope of this article
because they could be improved by education, project team
member experience, and historical data. The other cause is
inaccurate cost estimation resulting from uncertainties—espe-
cially unrecognized or unexpected events—which are within
the scope of this research to help improve. The main objective
of this article is to present an innovative budget reserve estima-
tion method used to mitigate the impacts against both identified
and unidentified risks in order to minimize the cost variances.

Cost Estimation Methods

Estimating an accurate project budget is challenging for project
managers, because of the unpredictable risks concerning how
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big the impacts on construction project results are and when
they will occur. Furthermore, budget estimation is conducted
during the planning phase (Caron et al., 2013; Koushki et al.,
2005; Sato & Hirao, 2013; Xenidis & Stavrakas, 2013), which
is an early stage of the project life cycle, when there is a lack of
data and information. Project managers need a budget estima-
tion method to respond to risks as accurately and precisely as
possible in order to prevent cost overruns. In response to uncer-
tainties and risks, Project Management Institute (PMI) (2013)
defined reserves that are composed of a contingency reserve for
identified risks (known-unknowns) and a management reserve
for unidentified risks (unknown-unknowns). Previous research-
ers have presented several methods to estimate cost reserves
but those are not sufficient to cover all types of risks. One
method is the traditional percentage model (Moselhi, 1997),
which is arbitrary and difficult to justify or defend (Thomson
& Perry, 1992); the other method is Monte Carlo simulations
(Barraza & Bueno, 2007; Clark, 2001; Eldosouky, Ibrahim, &
Mohammed, 2014); and a third method is the regression model
(Adoko et al., 2016; Kim, Kang, & An, 2004). These models
are used for estimating total project costs and are powerful
statistical tools used for analytical and predictive purposes in
forecasting the total final cost of the project. These methods
lack consideration of estimating risk costs because they are
used to estimate the total project budget without risk analysis.
If a single project is executed many times, the probability den-
sity function (p.d.f.) can be obtained. The probability of the
project cost can be calculated by the probability density func-
tion, so that the probability that actual cost can exceed the
established target cost can be obtained on the probability den-
sity function during project execution (Garvey, 2008; Zhu,
Zhang, & Wang, 2011). Thus, any types of risk can be esti-
mated to a monetary value, which can be involved in project
cash flow as well (Halawa, Adbelalim, & Elrashed, 2013). For
example, gamma distribution (Uzzafer, 2013) and a scenario-
based method without statistical concepts (Book, 2007; Gar-
vey, 2008) have been presented for estimating cost risk
provided by cumulative probability distribution with limited
predefined values of risk impacts for all risks, regardless of
whether they are identified or unidentified. Other models using
the fuzzy expert system (Carr & Tah, 2001; Dikmen, Birgonul,
& Han, 2007; Idrus, Nuruddin, & Rohman, 2011) and artificial
neural networks (Chenyun, 2012; Zhu et al., 2011) have been
used for the development of a project cost contingency estima-
tion model. These models are suitable for the nonlinear model-
ing of data, which contrasts with linear approaches using
regression (Baccarini, 2006), and may be used effectively in
the risk assessment for identified risks, but they are less effec-
tive for estimating cost contingency.

The results of previous research do not clearly estimate
reserves for unidentified risks, because unknown-unknown
risks were excluded from the research due to assumption by
the author (Baccarini, 2006) or unmanageable (Chapman,
2000). Furthermore, contingency resources estimated to han-
dle unknown risk events cannot be justified because these

could not be identified and estimated (Kitchenham & Link-
man, 1997). In addition, these are events not known to the
project team before they occurred or viewed as impossible in a
specific project situation. By definition, unknown-unknowns
are not foreseeable and thus cannot be dealt with proactively
(Smith & Merritt, 2002; Thamhain, 2013). Although risk cost
estimation methods for identified risks have been presented
by previous researchers, the reserves for unidentified risks
have not been sufficiently examined. The rare studies on esti-
mating reserves against unidentified risks cause large cost
variances and difficulty for sponsors or project managers in
making decisions properly in order to provide benefits from
the project results.

The Basic Terminologies of Budget
Compositions

Net cost, allowance, and point estimate (PE)

Project managers create a work breakdown structure (WBS)
and identify the applicable cost factors associated with project
work packages in order to develop the project budget. The
budget of each work package consists of the labor, materials,
and overhead costs. In this article, however, the overhead costs
are not included because they represent another cost factor that
can be variable depending on the organization’s management
level. The costs of work packages can be calculated by multi-
plying the quantity of material and/or labor by the unit cost of
material and/or labor. The net cost is the sum of the monetary
value of the resources for a fixed scope of work without any
tolerances or margins. Generally, the resources for a fixed
scope are described in the design or on drawings. The quantity
of materials and labor contains net quantity and any tolerance
or margin against mistakes and/or miscalculation, such as
human error. Additional funds for any margins or tolerances
is an allowance intended for specific subjects that have not or
cannot be fully specified (e.g., technical allowance, purchase
allowance, and weather allowance) (Bedarida & Conti, 2012).
The allowance can be changed depending on the project mem-
bers’ experience, educational level, knowledge, historical data
of the project, expert judgment, and lessons learned. The sum
of net cost and allowance becomes the PE of the element costs
across the project’s WBS without any adjustments for uncer-
tainty but including any allowances (Garvey, 2008). The sums
of each work package’s point estimate become the total point
estimate of the project without any risks.

Reserves and Budget Baseline

Once the PE has been reviewed and approved the next step is to
estimate reserves as a budget against risks. In addition to all the
work identified, projects will have some other unplanned work
that is the result of risks. The project budget consists of PE and
reserves. Although a PE not related to risks can be made as
accurately as possible based on education and experience,
reserves as risk cost related to risks can be estimated with
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probabilities and impact amounts. There are two categories of
reserves: the contingency reserve for identified risks and the
management reserve for unidentified risks. The former is the
budget for response actions taken against identified risks, and
the latter is the budget to cover other risks, such as unidentified
risks that include residual and secondary risks beyond identi-
fied risks. The project budget baseline can be described as the
sum of the PE from the project cost management process and
the contingency reserve for identified risks from the project
risk management process. The management reserve is not
included in the budget baseline, but it is included in the total
project budget (PMI, 2013). The relationship between the proj-
ect risk management process and the project cost management
process should, therefore, be considered in the estimate of the
total project budget.

Confidence Level

Historical data and experiences are aggregated to review and
determine an appropriate level of confidence. The confidence
level covers all of the actual costs, including PE and additional
costs from identified risks, unidentified risks, residual risks,
and secondary risks (Book, 2007; NASA, 2008). The additional
dollar amount beyond the budget baseline is considered and
executable within the level of confidence. Software programs
such as Crystal Ball and @Risk are used to determine the
confidence level. The confidence level is subject to change
depending on the projects’ features and categories, including
IT, construction, and R&D projects.

Analysis of Previous Project Cost
Performance

Project selection and analysis. For the research presented in this
article, 20 residential building construction projects were
selected for performance analysis to verify the insufficiency
of the existing estimation methods to cover risks. The purpose
of performance analysis on past projects is to develop the con-
fidence level and examine trends in the variances between
budgets and actual costs for future projects. All work packages
are assumed to be independent of each other so that there are no
positive and/or negative correlations between work packages,
because correlation is a very important aspect of combining
cost distribution. For example, if the cost of one work package
increases because of risks, then the cost of other work packages
neither increases nor decreases.

Data collection was conducted through interviews and con-
sulting with project managers and/or directors between the
years 2014 and 2015. The residential building projects ana-
lyzed were constructed between the years 2008 and 2015.
These projects were selected to maintain continuity and con-
sistency and to avoid the bias in data analysis caused by differ-
entiation of work breakdown structure, risk register, and
maturity level of project management. All the selected projects
were from one company. The company’s policy for the case

study to estimate reserves was to use a hybrid method with
traditional percentage and risk analysis to develop response
plans. Reserves for risks were determined to represent approx-
imately 10% of the total budget. The sum of the total budget of
20 projects are overrun by 37,693, whereas the point estimate
was 5,541 overruns, which were not caused by risks. Overruns
of reserves were 32,152, which were caused by inaccurate risk
budget estimation and unidentified risks. The 5,541 overruns of
the point estimate are caused by estimation errors or miscalcu-
lations. However, the 32,152 overruns of the reserves are
caused by the errors of the risk analysis, including risk identi-
fication and estimation risks. The details of cost overruns and
risk costs are analyzed in Table 1. The type of currency was not
identified for the purpose of company confidentiality.

Findings

Only the identified risks were recorded on the risk register.
Response plans were developed in response to those risks, but
the unidentified risks could not be recorded and calculated. It
was very difficult to determine accurate reserves, because proj-
ect managers or experts could not precisely forecast the number
of probabilities and the impact in the early stage, even though
some risks could be identified. In this article, the variances
between budgets and actual costs by each budget composi-
tion—such as PE, actual costs for identified risks, and for uni-
dentified risks—were analyzed to develop a new budget
estimation process. As a result of the above analysis, there must
be three cases regarding the relationship between risk costs and
actual costs. The first case is that there are budgets and actual
costs for risks; the second case is that there are budgets but
there are no actual costs; and the third case is that there are no
budgets, but actual costs are disbursed. The last case describes
a situation in which the costs are incurred by unexpected
events. As in the first case, the cost overruns of reserves for
identified risks were 17,542 between the budgets of 146,838
and actual costs of 164,380. In the second case, risk budgets for
exchange rate were estimated at 463, but there were no actual
costs. In the third case, there were actual costs of 15,073 with-
out risk budgets in some of the risk items such as cash flow
impact, delays due to excessive approval procedures, lack of
coordination among project participants, capability of the own-
er’s group, and others. The first and second cases are described
for the contingency reserves against identified risks, whereas
the third case was for management reserves against unidenti-
fied risks. In terms of project cost management, cost variances
between budgets and actual costs are inevitable. Thus, calcu-
lating the contingency reserve and management reserve sepa-
rately is necessary to control project costs by collecting data as
lessons learned for future projects in order to minimize cost
variances even when the total variances between risk budgets
and actual costs are underrun or zero. In this article, an inno-
vative estimation method for project risk budget—including
contingency reserves for identified and management reserves
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Table I. Risk Register and Risk Budgets versus Actual Costs

Risk Reserves

Probabilities Overrun  Budget Actual
Category Risks (%) Costs of PE  (A) (B) A—-B
Natural and Environmental Weather impacts 60 54,230 68,240 —14,010
Political Regulation changes against constructors 40 320 45 275
Financial Exchange rate change 30 463 - 463
Capital funding impacts 40 255 - - -
Cash flow impacts 40 - 473 —473
High costs due to improper bidding parties 30 522 457 65
Poor estimating 30 4,530 4,133 5,802 -1,669
Increased labor costs 40 2,506 1,240 1,266
Increased material and equipment costs 40 90 2,236 2,146
Technical Design changes 50 540 212 3415 -3,203
New risks due to new technologies 40 727 1,250 -523
Failures in production equipment 30 4,221 5413 -1,192
Scope change 70 24,450 23,984 466
Technology selection 30 373 438 —65
Implementation methodology 30 481 527 —46
Delay due to excessive approval procedures 30 - 746 —746
Managerial Quality management risk 40 32,548 21,498 11,050
Strikes of subcontractors 30 2,110 1,091 1,019
Poor communications 30 5438 9,972 4,534
Assigning unqualified project participants 40 57 - - -
Late making decisions 30 31 - - -
Lack of coordination between project participants 30 - 6,250 —6,250
Lack of professional pre-planning studies 30 5632 6814 -1,182
Capability of owner’s project group 40 - 6,890 —6,890
Contractor capability 30 478 528 -50
Vendor’s capability 30 8,367 11,430 -3,063
Others 30 128 - 714 714
Total 5,541 147,301 179,453 -32,152

for unidentified risks—have been developed separately to
improve project cost management.

Proposed Method for Estimating Project
Budget

Accuracy and precision are important factors to consider when
determining project budget to minimize cost variances by cost
overrun or underrun. The proposed project budget estimation
method is an innovative one that improves budget accuracy
using the probabilistic estimate (Book, 2007; Garvey, 2008),
and budget precision using the three-point estimation technique
and R-value determination.

Probabilistic Estimation

It is assumed that the actual cost of a project is random variable .X;
with probability density function f;. Each project presents a p.d.f.
of'the forecasted project cost if the total project cost is a lump sum
of many cost components, such as work packages. When the
number of WBS elements increases, the distribution of the total
cost of the WBS elements approximates the normal distribution
withmean L and variance o2 based on the Central Limit Theorem

(Barraza & Bueno, 2007; Book, 2007; Eldosouky et al., 2014). A
three-point estimation technique for each work package on the
WABS is used to obtain this p.d.f. for project budgeting from the
Monte Carlo simulation (Clark, 2001). This is an improved
method over single-point activity cost estimates because it con-
siders uncertainty and risk better (Book, 2007; PMI, 2013). The
three-point estimation technique, which is assumed to follow
triangular distribution (Xenidis & Stavrakas, 2013), is adopted
to develop a p.d.f. with a cumulative S-curve. The main focus of
this research is to determine project budgets with a low probabil-
ity of overrun or underrun (accuracy) and small cost variances
(precision). The cumulative distribution function (c.d.f.) for proj-
ect i is also defined by the mean value (y;) and variance (c?;).

Xi

Fi (x;) = /fi(f)d (1)

0

= (PE+ o)+ (RC+e) = (PE+RC)t(a+e) (2)
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Unplanned work o and € are also assumed to be indepen-
dently and normally distributed random variables with mean
zero and variance 62 and o2, respectively. The value of o,
which is the cost of unplanned works by errors or mistakes for
estimating PE including allowance, is reducible by the project
members’ experience, educational level, knowledge, histori-
cal data, expert judgment, and lessons learned. On the other
hand, the value of €, which is the cost of unplanned works by
unidentified risks, is unmanageable. Project managers have
often made efforts to calculate accurate risk costs for project
budgets by minimizing . In reality, it is very difficult to make
a and & value zero perfectly, so one technique to minimize €
and o is to develop a confidence level that can be obtained
from the c.d.f. of triangular distribution by using a three-point
estimation technique. The probability of the actual costs,
which come from analyzing previous project performance
results, becomes the confidence level of the firm, as described
in Figure 1.

Difference (R Value) Between the High and Low Values
in the Three-Point Estimation Technique to Estimate Risk
Costs

In this article, the three-point estimation technique has been
used to calculate the PE of work packages for estimating the
total project budget. Using a three-point estimation tech-
nique not only for estimating the PE of work packages, but
also for each risk response plan to estimate risk costs, is an
innovative application. Low, most likely, and high values of
the impact amounts are estimated in order to calculate the
expected monetary value (EMV) by multiplying probabil-
ities and each impact value together, respectively. The most
likely value is the cost of the activity based on a realistic

effort assessment for the required works and any predicted
expenses. The optimistic value (low value) is based on the
best-case scenario for the activity, and the pessimistic value
(high value) is based on the worst-case scenario for the
activity. Most project budgets are substantial, so two critical
factors are needed to control the project budget. One factor
is the accuracy to meet that project budget; the other factor
is precision to minimize the cost variance between the bud-
get and actual cost. The difference (R) between the high and
low values can measure the precision for cost variation
between budgets and actual costs and is described as
follows:

R = (High value — Low value) (3)

The smaller the R value, the higher the confidence to
meet the budget with only small cost variances. Through
the three-point estimation technique, PE and risk cost can
be determined by selecting the most likely value or the
higher value between the mean value and the most likely
value, depending on the project management maturity level,
previous experiences, and historical data. In this article,
higher values were selected because of the low maturity
level of the company under evaluation. In addition, the
project risk probability and R value matrix should be spec-
ified in the project risk management plan shown in Figure 2.
The dark gray area represents the high-risk response plans
that are required to analyze and develop preventive plans.
The light gray area represents moderate risk that may be
required for preventive plans, and the white area does not
require any analysis or additional actions.

The actual costs of the project can fall within the interval as
shown below:

(PE —a) + (RC —¢) < Actual costs < (PE +a) + (RC +¢)
(4)

However, PE and an o value can be minimized and esti-
mated as accurately as possible by developing a WBS and
using a three-point estimation technique. Therefore, the cost
variances between the budget and actual cost of PE are
assumed not to be critical if the scope of work has not
changed; however, the risk cost is changeable depending
on risk occurrence. It is a very challenging task to determine
the point estimate for risks. Probabilities and impact
amounts of risks can be estimated by expert judgment, his-
torical data, and experience. Therefore, cost variances can
be expected as follows:

Min. RC < Cost variance < Max.RC

(5)

Cost variances between the total project budget and
actual cost can be affected by risks; thus, making the gaps
between Min. RC and Max. RC smaller is a critical success
factor in determining the optimum budget with greater
precision.



92

Project Management Journal 50(1)

Risk Probability
3

w
o

2 5
EMV/PE(%)

Figure 2. Project risk probabilities and EMV/PE matrix.

Determine the Confidence Level

To determine the confidence level, the budget of each of the
selected 20 projects was re-estimated using a three-point esti-
mation method. According to the results of these re-estimates,
a cumulative S-curve of each project was obtained. The prob-
abilities of PE and the actual costs of each project can be
calculated on the cumulative S-curve and assumed to follow
normal distribution with means and variances after confirm-
ing a normality test. As with the results of the previous 20
projects’ performance, the mean probability of PE is 48.93%
with a variance of 12.0281, while the mean probability of
actual cost is 74.71% with a variance on 7.4237 on S-curve,
as shown in Table 2. Thus, the probability of actual cost
(74.71%) is determined as the confidence level on the cumu-
lative S-curve derived from the triangular distribution of each
project performance. The 90% confidence interval of the firm
for the residential projects falls between 70.2% and 79.19%,
which determined that the confidence level (74.71%) could
cover the whole cost, including identified and unidentified
risks as well as secondary and residual risks. However, the
confidence level can be adjusted by updating the cumulative
results of the project performance regularly.

Applying the Proposed Method to a Live
Project

Calculation of the Budget

Live projects from the company were selected to demonstrate
the budget estimating processes using this proposed method for
five ongoing projects, applied by this proposed method. The
comparison between the budget estimated by the traditional
methods that have been used to date and the re-budget by the
method proposed in this article are described to verify the
improvement of the new budget estimation process.

The Basic Terminologies of Budget Compositions

Net cost, allowance, and point estimate (PE). The net cost of each
work package from the WBS can be calculated as precisely
as possible by referring to the design drawings, and the
allowance can be determined based on the technical and
management levels. Thus, point estimate can be estimated
accurately if there is enough time to plan project manage-
ment; however, the project budget may not be estimated
accurately due to lack of information and uncertainties
within limited time. The three-point estimation technique
for the point estimate is typically used to cover the
unplanned works of o in a new method, because budget
estimation is required in the early planning phase before
executing the project. All work packages are assumed to
be independent of each other in terms of cost, but some
work packages are assumed to be interdependent in terms
of schedule. The estimated data of each work package are
shown in Table 3.

According to Equation (2), Planned PE = Actual PE + o.
The value o can be reduced by improving the project manage-
ment maturity level. Project managers should develop a
guideline or policy to determine PE considering the o value.
The guideline or policy indicates which value is selected as
the PE among the mean, most likely, or a certain point on the
S-curve, because the confidence level depends on the com-
pany’s maturity level. In this article, the larger value between
mean value and the most likely value can be determined as the
PE for each work package, because the project maturity level
is low for this company.

PE = Max (mean, most likely value) (6)

The S-curve is obtained using the three-point estimation
technique, and 6,172 becomes the PE in this case project
according to the above assumption. The obtained S-curve is
assumed to follow a triangular distribution. Therefore, PE =
Most likely value + oo = 6,121 + 51= 6,172 at 52.12% on an
S-curve was obtained using the @Risk version 6.0.0 with
1,000 trials. When the o value is included in the PE, the ¢
value only becomes the management reserve. Therefore, the
minimum project budget of 6,908 can be calculated by apply-
ing the confidence level (74.71%) on the cumulative S-curve,
as shown in Figure 1. The gap of 736 between CL (6,908) and
PE (6,172) becomes the risk costs including contingency and
management reserves.

Risk cost assessment. The project budget consists of two parts:
One is the PE not related to risks, and the other is risk cost (RC)
related to risks. Project risk cost has probabilities where actual
cost exceeds the established target cost during the project exe-
cution caused by project risks (Zhu et al., 2011). The identified
risks are recorded in the risk register in as much detail as
reasonable. The main purpose of risk management is to develop
risk response plans. These plans, which are additional pro-
cesses with cost and time, are variable depending on the prob-
ability of a risk’s occurrence and the risk’s amount of impact
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Table 3. Three-Point Estimate for PE

WABS Level | Level 2 L M H Mean PE
Design Design definition 29 42 54 42 42
Conceptual design 138 273 408 273 273
Preliminary design 226 360 521 369 369
Final design 195 394 588 392 394
Civil work Foundation 409 624 897 643 643
Roads 120 250 380 250 250
Landscape 113 220 350 228 228
Architecture work Steel fabrication 382 654 910 649 654
Steel erection 275 525 764 521 525
Pouring concrete 160 277 378 272 277
Internal finishing 151 236 342 243 243
External finishing 85 185 282 184 185
Mechanical work System 128 251 373 251 251
Facilities 160 260 355 258 260
Machines 165 259 376 267 267
Electrical work Rough in 188 382 545 372 382
Equipment 189 357 510 352 357
Installment 232 572 832 545 572
Sum 3,345 6,121 8,865 6,110 6,172
Table 4. Risk Response Plan and EMV
Impacts
Probabilities R*
Response Plan (%) L M H Mean EMV* (H-L)
Improper estimate 30 78 129 174 127 39 29
Increased material and equipment costs 40 149 218 294 220 88 58
Scope changes 70 185 258 346 263 184 113
Design changes 50 121 192 238 184 96 58
Poor communication 30 181 243 298 24| 73 35
Vendor’s capability 30 360 442 495 432 132 41

amounts; thus, the response plan should be added to the pre-
liminary project management plan. When general risks
occurred, project managers conducted risk response plans.

There are two steps in developing risk response plans: First,
project managers develop alternatives to respond to risks, if
possible, with impact amounts and probabilities of risk occur-
rence; then they select the best alternative among them. A
three-point estimate of the impact amounts should be esti-
mated the same as the method for the PE of work packages.
Second, the larger value between the mean and most likely
value of the impact amount among the estimated values using
the three-point estimate technique is determined to calculate
EMYV by multiplying by probability and construct confidence
level to cover € as same method as PE. The lowest EMV of the
alternatives is selected as the response plan. Budgets for each
risk response plan can be estimated by calculating EMV, as
shown in Table 4.

The project budget baseline, excluding management
reserve, becomes 6,784 by adding 612 of contingency reserves
to 6,172 (PE), so that management reserves become 124, which
is described in Figure 3.

The second step is to analyze selected response plans for
improving budget precision. Risk response plans are categor-
ized into two types: preventive and adaptive plans (Sato &
Hirao, 2013). Preventive response plans should be contained
within the preliminary WBS, so that their additional costs are
included in the PE to mitigate the risks in advance. However,
the additional costs of the adaptive response plans are used as
contingency reserves when risks occur.

Generally, the prevention costs rather than the correction
costs save the total cost of quality; thus, the greater the pre-
ventive costs, the more the save costs and the adaptive costs
become lower and with greater precision, as shown in Figure 4.
However, project managers should consider that the sum of
preventive and adaptive costs cannot be higher than the pre-
liminary risk cost. The criteria of reassessment of the risk
response plan are developed in Figure 2.

EMYV = (Probability x Impact amounts) + Preventive costs (PC)
(7)

Several independent risks can be prevented by one risk
response plan that can cover some work packages that will
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Figure 4. Project budget with re-estimated risk response plan.

be impacted by risks when they occur. The results of
analyzing and re-estimating risk response plans are shown
in Table 5.

Re-estimating the project budget. The final total project budget
becomes 6,819, which is reduced from the preliminary budget
of 6,908 with higher precision by decreasing the R value of risk
from 333 to 220. The PE increases from 6,172 to 6,262 by
adding preventive costs of 90. On the other hand, risk
costs—including both contingency and management
reserves—decreased from 736 to 557 because the contingency

reserve was reduced from 612 to 433, but the management
reserve 124 remains unchanged.

Applying the New Method to Ongoing Projects

This method was applied to five ongoing projects to verify the
improvements of the budget estimation method between pre-
liminary budgets using traditional methods and the re-
estimated budget using the proposed method with the estimate
at completion (EAC). A comparison table of cost variance
percentage is shown in Table 6. One project was completed
with the new estimation method and the other four projects are
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Table 5. Analyzed and Re-estimated Response Plans

Probability R

Response Plan Preventive Cost (%) L M H Mean Adaptive Cost (H-L) EMV
Improper estimate 0 30 78 129 174 127 39 29 39
Increasing material and equipment costs 10 40 95 135 175 135 54 32 64
Scope changes 40 70 135 168 215 173 121 56 161
Design changes 15 50 95 143 184 141 72 45 87
Poor communication 10 30 105 165 195 155 50 27 60
Vendor’s capability 15 30 280 320 385 328 99 32 114
Sum 90 788 1,060 1,328 1,059 433 220 523
Note: Higher values as bold entries are selected because of the low maturity level of the company.

Table 6. Results of Application to Ongoing Projects

A B

Project Number PE RC Total PE RC Total
201 0.62 19.19 2.60 2.04 -7.36 1.28
202 -1.82 20.18 0.29 -0.29 3.39 0.00
203 -2.19 25.70 0.18 0.00 0.57 0.03
204 —2.83 26.53 —0.05 —0.19 1.34 —-0.08
205 —2.40 30.12 0.86 —0.33 3.26 —0.07
Mean -1.72 24.34 0.78 0.25 0.24 0.23
Var (c2) 1.85 20.97 I.15 1.02 19.53 0.35
SD 1.36 4.58 1.07 1.01 441 0.59

still in progress. The completion percentage technique was
applied to estimate the EAC. These selected five projects are
very similar to the previous 20 projects so that the results of the
re-assessments could be consistent and comparable.

A (Preliminary budget — EAC) « 100
Preliminary budget ’
(Re — estimated budget — EAC)

Re — estimated budget

B x 100

Discussion and Conclusions

Application of the proposed method to real projects was carried
out to demonstrate improvements in project budget accuracy
and precision. Dual budgeting was conducted for the compar-
isons between budgets using the traditional and proposed meth-
ods. One project was completed with the new estimation
method and the other four projects are still in progress. The
completion percentage technique was applied to forecast the
EAC. While the budget accuracy can be calculated by dividing
the differences between the budget and actual costs, precision
can be calculated by the variances or the standard deviation of
the differences. The accuracy of PE, RC, and the total prelim-
inary budget against EAC is —1.72, 24.34, and 0.78, with var-
iance (precision) 1.85, 20.97, and 1.15, respectively, whereas
the re-budgets are 0.25, 0.24, and 0.23, with variance (preci-
sion) 1.02, 19.53, and 0.35, respectively. The results show that

budget accuracy and precision on risk cost improved by 24.10
and 1.44, while improving by 0.55 and 0.48 percentage points
in total, respectively.

The project budget has two types of reserves against risks:
One is the contingency reserve for identified risks as an event,
and the other is the management reserve for unidentified risks
as a variability. However, previous researchers have presented
various methods for estimating reserves to cover the risk as an
event that can only be identified as an expected uncertainty.
Thus, the planned response actions could not cover the risk as a
variability, which is an unexpected uncertainty that cannot be
identified. Thus, the reserves estimated by the previous meth-
ods were enough to cover all risks. The management reserve for
unidentified risks must be estimated and included in the project
budget, even though unidentified risks could not be managed
by the project management team. Because unforeseen work
due to unidentified risk is also within the scope of the project,
Figure 5 describes the scope of a project and budget. When
work breakdown structures are developed, all works must have
their own budgets. The project budget must cover all the scope
of work for constructing the project’s result. Project scope
generally includes both certain and uncertain events. While the
certain events become the basis for developing the WBS, the
uncertain events become the basis of risk response plans. Thus,
the PE is the most highly accurate feature of the budget,
whereas the management reserve is the lowest accuracy and
the contingency reserve is moderate. One of the best ways to
improve the accuracy of the project budget is to transfer uncer-
tain scopes of work to certain scopes by analyzing and
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Figure 5. Scope of a project and budget.

quantifying the uncertainty; for example, the reserves against
risks is the budget for the uncertainty. The reserves can be
divided into the preventive action and the adaptive action by
analyzing risks. The preventive action becomes the certain
scope while the adaptive action remains in the uncertain scope.
Thus, the works of preventive action against risk should be
moved to the WBS.

The project budget should be estimated and determined to
the approximate actual costs in order to minimize cost var-
iances. The actual costs of each budget component such as the
PE, the contingency reserve against identified risks, and the
management reserve against unidentified risks can be recorded
separately for project performance information. Analyzing and
evaluating the variance between budgets and the actual costs of
each budget component are essential to improving project cost
management. However, it is very difficult to evaluate and

analyze the variances due to lack of budget estimation of each
budget component by previous budget estimation method. The
advantage of the estimation method proposed in this article is to
estimate reserves as the contingency reserve and the manage-
ment reserve against both identified and unidentified risks sep-
arately to improve budget accuracy. This method can be used to
analyze the differences between budgets and actual costs and
obtain feedback for future projects as lessons learned. Project
management performance can be improved by conducting
these processes iteratively and updating the best practice.
Furthermore, re-estimating risk costs using a three-point esti-
mation technique by evaluating the R-value is suggested in
order to minimize cost variances due to risks. That is another
way to improve budget precision. The PE is the budget for the
certain scope and the basis for developing a funding and pay-
ment schedule to construct the project result during project
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execution, because the budget and schedule of the uncertain
scope are almost unchangeable. On the other hand, the risk cost
is the budget for the uncertain scope of the project. Thus devel-
oping the funding and payment schedule for the uncertain
scope is inaccurate. Therefore, the full amount of the risk cost
should be kept in the project fund over the entire project period
to avoid the lack of cash. It also incurs the capital costs, so that
the less the risk cost, the fewer the additional capital costs. We
verified this by applying the proposed method to five ongoing
projects. The results demonstrated an improvement in budget
accuracy and precision, with smaller cost variances between
the re-budget and EAC than between the preliminary budget
and the actual.

This research can extend in several directions. Cash flow
management is one of the most important determinants of
the success of construction project management. Poor cash
flow may result in inadequate working capital and thus
undermine the sustainability of a project. Thus, the method
described in this article can be applied to improve project
cash flow management.

This research mainly emphasized estimating a budget for a
single project, especially estimating reserves against both iden-
tified and unidentified risks to minimize cost variances by
improving budget accuracy and precision. Budget composi-
tions are provided—including net cost, allowance, contingency
reserve, and management reserve—and are to be controlled by
different people or departments to save cost by analyzing the
variances between budgets and actual costs. This method is a
more efficient way of conducting project cost management
than the current methods used in project cost management.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

References

Adoko, M. T., Mazzuchi, T. A., & Sarkani, S. (2016). Developing a
cost overrun predictive model for complex systems development
projects. Project Management Journal, 46(6), 111-125.

Aibinu, A. A., & Jagboro, G. O. (2002). The effects of construction
delays on project delivery in the Nigerian construction industry.
International Journal of Project Management, 20(8), 593—599.

Aziz, R. F. (2013). Factors causing cost variation for constructing
wastewater project in Egypt. Alexandria Engineering Journal,
52(1), 51-66.

Baccarini, D. (2006). The maturing concept of estimating project cost
contingency—A review. In G. Runeson & R. Best (Eds.), Proceed-
ings of the Australasian University building educators association
annual conference 2006: 31st Annual Conference, 11-14 July
2006. Sydney, New South Wales, Australia: University of
Technology.

Bannerman, P. (2008). Risk and risk management in software projects:
A reassessment. The Journal of System and Software, 81(12),
2118-2133.

Barraza, G. A., & Bueno, R. A. (2007). Cost contingency manage-
ment. Journal of Management in Engineering, 23(3), 140-146.
Becker, T. V., Jaselskis, E. J., & El-gafy, M. (2014). Improving pre-
dictability of construction project outcomes through intentional
management of indirect construction costs. Journal of Construc-
tion Engineering and Management, 140(6), 401-414. doi:http://dx.

doi.org:10.1061/(ASCE)

Bedarida, S., & Conti, S. (2012). Cost estimating process and quality
assurance. Cost Engineering-Morgantown, 54(3), 27.

Bhargava, A., Anastrasopoulous, P. C., Labi, S., Shiha, K.C., &
Mannering, F. L. (2010). Three stage least squares analysis of time
and cost overruns in construction contracts. Journal of Construc-
tion Engineering and Management, 136(11), 1207-1218.

Book, S. A. (2007, October 11). Allocating risk dollars back to indi-
vidual cost elements. Department of the Navy Cost Analysis Sym-
posium, Marine Corps Base Quantico, Quantico, VA.

Caron, F., Ruggen, F., & Merli, A. (2013). A Bayesian approach to
improve estimate at completion in earned value management.
Project Management Journal, 44(1), 3-16.

Carr, V., & Tah, J. H. M. (2001). A fuzzy approach to construction
project risk assessment and analysis. Advances in Engineering
Software, 32(10), 847-857.

Cha, H. S., & Shin, K. Y. (2011). Predicting project cost performance
level by assessing risk factors of building construction in South
Korea. Journal of Asian Architecture and Building Engineering,
10(2), 437-444.

Chapman, C. (2000, June 2-4). Project risk management—The
required transformations to become project uncertainty manage-
ment. PMI Research Conference, Paris, France.

Chenyun, Z. Y. (2012). The BP artificial neural network model on
expressway construction phase risk. Systems Engineering Proce-
dia, 4, 409-415.

Clark, D. E. (2001). Monte Carlo analysis: Ten years of experience.
Cost Engineering, 43(6), 40—45.

Creedy, G. D., Skitmore, M., & Wong, J. (2010). Evaluation of risk
factors leading to cost overrun in delivery of highway construction
projects. Journal of Construction Engineering and Management,
136(5), 528-537.

Dikmen, L., Birgonul, M. T., & Han, S. (2007). Using fuzzy risk assess-
ment to rate cost overrun risk in international construction projects.
International Journal of Project Management, 25(5), 494-505.

Doloi, H. (2013). Cost overruns and failure in project management:
Understanding the roles of stakeholders in construction projects.
Journal of Construction Engineering and Management, 139(3),
267-279.

Doloi, H., Sawhney, A., & Rentala, S. (2012). Analyzing factors
affecting delays in Indian construction projects. International
Journal of Project Management, 30(4), 479-489.

Eldosouky, A. A., Ibrahim, A. H., & Mohammed, H. E. (2014).
Management of construction cost contingency covering upside
and downside risks. Alexandria Engineering Journal, 53(4),
863-881.


http://dx.doi.org:10.1061/&lpar;ASCE
http://dx.doi.org:10.1061/&lpar;ASCE

Kwon and Kang

99

Elkjaer, M. (2000). Stochastic budget simulation. International Jour-
nal of Project Management, 18(2), 139—-147.

Enshassi, A., Al-Najjar, J., & Kumaraswamy, M. (2009). Delays and
cost overruns in the construction projects in the Gaza Strip. Journal
of Financial Management of Property and Construction, 14(2),
126-151.

Flyvbjerg, B., Holm, S. M., & Buhl, S. (2002). Understanding costs in
public works projects: Error or lie? Journal of the American Plan-
ning Association, 68(3), 279-295.

Frimpong, Y., Oluwoye, J., & Crawford, L. (2003). Causes of delay
and cost overruns in construction of groundwater projects in devel-
oping countries: Ghana as a case study. International Journal of
Project Management, 21(5), 321-326.

Garvey, P. R. (2008). A scenario-based method for cost risk analysis.
Journal of Cost Analysis and Parametrics, 1(1), 65-76.

Halawa, W. S., Adbelalim, A. M. K., & Elrashed, I. A. (2013).
Financial evaluation program for construction projects at the
pre-investment phase in developing countries—A case study.
International Journal of Project Management, 31, 912-923.

Hwang, B. G., Zhao, X,, See, Y. L., & Zhong, Y. (2015). Addressing
risks in green retrofit projects: The case of Singapore. Project
Management Journal, 46(4), 76—89.

Idrus, A., Nuruddin, M. F., & Rohman, M. A. (2011). Development of
project cost contingency estimation model using risk analysis and
fuzzy expert system. Expert Systems with Applications, 38(3),
1501-1508.

Kasimu, M. (2012). Significant factors that cause cost overruns in
building construction projects in Nigeria. Institute of Interdisciplin-
ary Journal of Contemporary Research in Business, 3(11), 775-780.

Ke, Y. J, Ling, F. Y. Y., & Ning, Y. (2013). Public construction
project delivery in Singapore, Beijing, Hong Kong, and Sydney.
Journal of Financial Management of Property and Construction,
1(18), 6-15.

Khodakarami, V., & Abdi, A. (2014). Project cost risk analysis: A
Bayesian networks approach for modeling dependencies between
cost items. International Journal of Project Management, 32(7),
1233-1245.

Kim, G. H., Kang, K. I., & An, S. H. (2004). Comparison of construc-
tion cost estimating models based on regression analysis, neural
networks, and case-based reasoning. Building and Environment,
34(2), 34-47.

Kitchenham, B., & Linkman, S. (1997). Estimates, uncertainty and
risks. IEEE Software, 14(3), 69-73.

Koushki, P. A., Al-Rashid, K., & Kartam, N. (2005). Delays and cost
increases in the construction of private residential projects in
Kuwait. Construction Management and Economics, 23(3), 285-294.

Lai, Y. T., Wang, W. C., & Wang, H. H. (2008). AHP and simulation-
based budget determination procedure for public building con-
struction projects. Automation in Construction, 17(5), 623—632.

NASA. (2008). 2008-NASA-Cost-Handbook-FINAL_v6[1]. Retrieved
from https://www.nasa.gov/pdf/263676main_2008-NASA-Cost-
Handbook-FINAL_v6.pdf.

Nawaz, T., Shareef, N. A., & Ikram, A. A. (2013). Cost performance
in the construction industry in Pakistan. Industrial Engineering
Letters, 3(2), 19-33.

Memon, A. H., Rahman, 1., & Azi, A. (2012). Time and cost perfor-
mance in construction projects in southern and central regions of
peninsular Malaysia. International Journal of Advances in Applied
Sciences, 1(1), 45-52.

Moselhi, O. (1997, July 13-16). Risk assessment and contingency
estimating. AACE transactions, Dallas, TX.

Oberlender, G. D., & Trost, S. M. (2001). Predicting accuracy of early
cost estimates based on estimate quality. Journal of Construction
Engineering Management, 127(3), 173-182.

Pfleeger, S. L., & Atlee, J. M. (2006). Software engineering, theory
and practice (3rd ed., Pearson International ed.). Delhi, India:
Pearson Education India.

Project Management Institute (PMI). (2013). 4 guide to the project
management body of knowledge (PMBOK® guide) — Fifth edition.
Newtown Square, PA: Author.

Sambasivan, M., & Soon, Y. W. (2007). Causes and effects of delays
in the Malaysian construction industry. International Journal of
Project Management, 25(5), 517-526.

Sato, T., & Hirao, M. (2013). Optimum budget allocation method for
projects with critical risks. International Journal of Project Man-
agement, 31(1), 126—135.

Schwartz, M. (2010). The Nunn-McCardy act: Background, analysis,
and issues for Congress. Washington, DC: Congress Research
Service.

Smith, P. (2014). Project cost management—Global issues and chal-
lenges. Social and Behavior Sciences, 119, 485-494.

Smith, P. G., & Merrit, G. M. (2002). Proactive risk management.
New York, NY: Productivity Press.

Sweis, G. H., Sweis, R., Rumman, M. A., Hussein, R. A., &
Dahiyat, S. E. (2013). Cost overruns in public construction
projects—The case of Jordan. Journal of American Science,
97), 134-141.

Tabish, S., & Jha, K. (2011). Important factors for the success of
public construction projects. 2nd International Conference on Con-
struction and Project Management IPEDR (15), IACSIT Press,
Singapore.

Thamhain, H. (2013). Managing risks in complex projects. Project
Management Journal, 44(2), 20-35.

Thomson, P. A., & Perry, J. G. (1992). Engineering construction risks.
London, England: Thomas Telford.

U.S. Government Accountability Office. (2013). Reports to congres-
sional committees, NASA assessment of selected large-scale proj-
ects (GAO-13-276S5P). Washington, DC: Author.

Uzzafer, M. (2013). A contingency estimation model for software
projects. International Journal of Project Management, 31(7),
981-993.

Williams, T. (2016). Identifying success factors in construction
projects: A case study. Project Management Journal, 47(1),
97-112.

Xenidis, Y., & Stavrakas, E. (2013). Risk based budgeting of
infrastructure projects. Social and Behavior Sciences, 74,
478-487.

Zhu, B., Zhang, H., & Wang, X. (2011). Analysis and evaluation of
project cost risk based on BP algorithm. Systems Engineering Pro-
cedia, 1,264-270.


https://www.nasa.gov/pdf/263676main_2008-NASA-Cost-Handbook-FINAL_v6.pdf
https://www.nasa.gov/pdf/263676main_2008-NASA-Cost-Handbook-FINAL_v6.pdf

100

Project Management Journal 50(1)

Author Biographies

Hyukchun Kwon, PhD, is an adjunct professor in project man-
agement in the Graduate School of Engineering at Hanyang
University, Republic of Korea. He earned his master’s degree
in project management at the University of Alaska, a PhD
degree from Hanyang University, and he is also a CPA. He has
over 25 years of experience managing projects in various busi-
ness areas, including sales and marketing projects, manufactur-
ing and constructing projects for heavy industries and plants,
accounting services and financial consulting, and performing
business process reengineering projects for ERP implementa-
tion. He can be contacted at hkwon21@hanyang.ac.kr

Chang Wook Kang, PhD, has been a professor in the Depart-
ment of Industrial and Management Engineering, Hanyang
University ERICA Campus, South Korea since 1991 and has

held the Hanyang University title of Distinguished Teaching
Professor since 2013. His fields of research are statistical pro-
cess control and project quality management. In 2006, Profes-
sor Kang created the master of science degree in project
management and served as chair of the Korean committee of
ISO21500/PC236. He served as the president of the Korea
Society of Industrial and Systems Engineering from 2002 to
2006, and from 2010 to 2012, he served as the founding pres-
ident of the Korean Society of Project Management. He served
as the dean of the College of Engineering Sciences from July
2016 to June 2018. He received his BS in industrial engineering
from Hanyang University in 1981 and his BA in statistics from
the University of Minnesota in 1984. He received MS and PhD
degrees in statistics from the University of Minnesota in 1988
and 1990, respectively. He can be contacted at cwkang57@
hanyang.ac.kr


mailto:hkwon21@hanyang.ac.kr
mailto:cwkang57@hanyang.ac.kr
mailto:cwkang57@hanyang.ac.kr


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


