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Abstract 
 
Construction projects have frequently exceeded their schedule despite reliable estimates at the start of a project. This problem was attributed 
to unpredictable causes at the beginning and to shortage of proper tools to accurately predict project completion date. To supplement this 
difficulty, project managers need a comprehensive system that can be employed to monitor the progress of an ongoing project and to evaluate 
potential delay for achieving the goal on time. This paper proposed a progressive-based expert system for quantitative assessments of project 
delay at the early stages of the execution. Furthermore, the system is used to inspect the change of the uncertainty on completion date and its 
magnitude. The proposed expert system is helpful for furnishing project managers a warning signal as a project is going behind schedule and 
for tracking the changed uncertainty at a desired confidence level. The main objectives of this paper are to offer a new system to overcome the 
difficulties of conventional forecasting tools and to apply a construction project into the system to illustrate its effectiveness. This paper focuses 
on construction phase of project development and is intended for the use by project managers. 
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1. INTRODUCTION 
 

Reliable predictions of completion date and efficient as-
sessments of project delay present continuing challenges to 
project managers because there is no perfectly systema-
tized forecasting tool for the future possible outcomes. 
Thus, project managers pursue an effective expert system 
to diminish the uncertainty in forecasting completion date, 
such that they can manage the possibility of potential delay 
with a quantitative indicator. If the expert system is well-
organized and properly operated at the early stages of pro-
ject execution, this is valuable in evaluating project pro-
gress and avoiding schedule delays in achieving income-
plete project (Joglekar and Ford, 2005). Such an expert 
system provides a good forecast of completion date. Fur-
thermore, satisfactory predictions made at the beginning 
stages considerably help project managers have an oppor-
tunity to effectively re-arrange resources when a construc-
tion project is behind schedule. 

 
Probabilistic forecasting tools have been widely em-

ployed to assess and quantify the variation of the uncer-
tainties. Conventional approaches are commonly based 
upon the index-based model. In estimating the schedule, a 
single-point deterministic tool is unsafe because of the 
unforeseen changes of the uncertainty caused by project’s 
complications. Applied statistical techniques, such as re-
gression analysis and Monte Carlo simulation are also use-
ful to analyze and range the amount of the uncertainty 
when historical information of previous projects was sys-
tematically recorded; however, they are difficult to update 
its behavior over time (Pugh and Soden, 1986; Rad, 2003). 
As deterministic prediction models are still used at the 
middle of project execution, the changeable uncertainty is 
unconsidered, and it is difficult to reflect the impacts of a 
new reported data on the future outcomes (Alkass, et al., 

1996). In spite of many logical approaches, conventional 
models tend to neglect the effects of an informed data of a 
progressive project to the behavior of the uncertainties 
(Jung and Kang, 2007). Fleming and Koppelman (2002) 
have asserted that Earned Value (EV) system has effi-
ciently evaluated the performance of an ongoing project 
and predicted completion date in monetary terms. Hence, 
this system provides one way to assess project delay. 
However, the EV system has still limitations to represent 
the impacts of past performance on the incomplete execu-
tion. 

 
Construction projects are susceptible to schedule delays. 

Variations from the planned schedule result in large 
financial losses for owners and contractors. In a specific 
case, the viability of the project itself is jeopardized by the 
variations from baseline plans (Al-Tabtabai, et al., 1997). 
Thus, new techniques and expert systems that assist 
project managers in forecasting the schedule variance need 
to be developed. This paper proposes a progress-based 
expert system to identify schedule variances from a 
baseline plan of construction projects. The proposed 
system adopts the Information-based Forecasting Model 
(IFM) to capture the decision-making procedure in 
monitoring and assessing the current progress. To over-
come the shortcomings of deterministic prediction models, 
the IFM with the mathematically derived function has sat-
isfactorily accomplished the reliable estimate of project 
completion date, based upon Bayesian Inference and three 
types of S-shaped growth curves (Yoo and Hadipriono, 
2007). Bayesian approach has been widely employed for 
predicting and updating the uncertainty on an expected 
outcome with information collected during short-term pe-
riod. This is technically functional for the long-term fore-
casts with limited information at the early stage and has 
been applied to the cost-expensive experiments, such as 
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medical research and diagnosis of animal growth. In this 
way, Bayesian approach is used to build and operate an 
expert system introduced in this paper due to its cost-
effective capability. In other words, information from an 
ongoing project absorbs affirmatively the unconstructive 
outcomes, such as the potential of project delay and its 
quantitative magnitude, for effective management strate-
gies against them. The system developed in this paper is 
applied to a multistory building project to demonstrate the 
capability and practice in construction industry. The 
advantages and limitations of the system operation in 
predicting the variance of completion date are discussed in 
the latter. The system is built by an existing computer 
program (Visual Basic 6.0) for the convenient generation 
of the forecasts and their revisions. 

 
2. OBJECTIVES AND SCOPE 

 
The main goals of this paper are to construct a progress-

based expert system for a more strategic decision support 
and to improve the deterministic approaches in assessing 
project delay, based upon experienced engineers’ knowl-
edge, historical database, and informed data of an ongoing 
project. The paper, using the proposed system, explores 
ways of quantifying the changes of the uncertainty on 
completion date. 
 

 
Figure 1. Operation process of the proposed progress-based expert system 

 
This paper focuses on the development of a mathemati-

cal tool into the prototype of an expert system for quantita-
tively assessing project delay at the early stages. Opera-
tions of the system are concerned with a construction pro-
ject in which actual progress is timely reported and objec-
tively evaluated. Also, they are accomplished during con-
struction phase of the said project and intended for the 
implementations by project managers in evaluating the 
current project status and aiding in the successful comple-
tion on time. The progressive-based expert system intro-
duced in this paper is preliminary; it will need substantial 
refinement and improvement. The professional develop-
ment of this prototype is required for practical applications 

in construction industry. 
 

3. QUANTITATIVE ASSESSMENTS OF PROJECT 
COMPLETION DATE AND DELAY 

 
The failures of achieving a project within the planned 

duration and schedule delays have been costly problem 
encountered on construction projects. During project exe-
cution, project managers have been constantly pursuing to 
look for reliable decision making support to provide them 
an early warning signal and to assist in avoiding potential 
delay. Hence, they have been looking forward to con-
cretely assessing how well the projects are executing. 
When dealing with the uncertainty on completion date, it is 
important that the system employed is viable and practical. 
Although there is the maximum use of information gener-
ated by the project itself, conventional approaches, such as 
Critical Path Method (CPM), Earned Value (EV) analysis, 
statistical simulation, and so on, are deterministic, and 
accordingly, they rarely reflect the impacts of progress 
performance of an ongoing project on the future status. 
However, delays of current progress can be a cause that 
results in poor performance of the incomplete execution. 

 
The models constructed on the deterministic knowledge 

or information have frequently neglected the behavior of 
the uncertainty on completion date and failed to satisfacto-
rily assess project delay (McGartland and Hendrickson, 
1985). Bayesian approach, which is a root of the proposed 
progress-based expert system, provides the confidence 
intervals on the forecasted completion date. Furthermore, 
this approach modifies such intervals considering the ef-
fect of reported progress data to the re-predicted comple-
tion date. In this paper, such an effect is quantified by the 
change of the uncertainties resulted from an informed data. 
In this manner, the progress-based expert system quantita-
tively computes the potential of project delay during the 
early stages of the execution. In planning project develop-
ment, the budgeted cost of work scheduled (BCWS) is 
distributed over time and determined by the resource-
allocation scheme under the sufficient considerations. 
Construction projects have often progressed like the S-
shaped curve, but there is no universal growth curve func-
tion to accurately represent all types of the projects. As one 
of the ways to describe the progress of the planned devel-
opment, it is efficient to approximate the set of the planned 
values (BCWS plan) by fitting any growth function to the 
points. If a growth curve function fits the BCWS plan to an 
acceptable degree, the budgeted cost of work performed 
(BCWP) follows the same functional group of the BCWS 
plan with different parameters, which are important ele-
ments in the introduced S-shaped growth curves, depended 
on the degree to which an actual progress matches the plan. 
Information of the BCWP at each time period is defined as 
a reported input data to the proposed system. The process 
for operating the system is cost-effective because data of 
the BCWS and BCWP are obtained at the beginning and 
during the execution. The changes of parameter values in 
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S-shaped growth function are essential to modify the fitted 
progress curve comparing to the BCWS plan. The charac-
teristics of three S-shaped curves (Logistic, Gompertz, and 
Reverse-Gompertz functions) and parameters in each 
growth function are explained in the next section. 

 
When actual progress deviates from the BCWS plan, 

project managers try to restore the current progress to the 
planned condition. However, it is a challenge how they 
quantify the changes of the uncertainty on completion date, 
based on such a reported data. Supposing that any progress 
data on the BCWP is collected at a specific period, it is 
used to modify the estimates of parameters in the fitted S-
shaped growth function. However, their values are con-
stant over a specific time period. A deviation from the plan 
is defined as a deviation of the forecasted BCWP curve 
from the planned BCWS. This deviation is used to predict 
the estimated date at completion (EDAC) from the original 
schedule. The following section describes the technical 
fragments consisting of the proposed expert system and 
provides the operation instruction in the application of a 
construction project. 

 
4. EXPERT SYSTEM 

 
Since the concept of expert system was first introduced 

around 1940, the system has been developed rapidly along 
with computer science and it handles more complex than 
conventional system (Wentworth, 1990). McGartland and 
Hendrickson (1985) described that expert system is one 
part of the areas of Artificial Intelligent (AI), which is a 
specialized area of computer science that attempts to make 
computers imitate logical human behavior. The most sig-
nificant feature is that it involves the ability to repeatedly 
simulate an expert’s reasoning process, which is difficult to 
be represented in mathematical functions. Occasionally, 
expert system is defined as a computer program that efforts 
to embody the subjective knowledge based on experts’ 
experience. Such a program offers a means to capture this 
knowledge to be used as assistants or decision aids for 
other less experienced people. This section discusses the 
fragmented process of the proposed expert system opera-
tion, its contributions to the quantitative assessments of 
project delay, and the application of a case study. Based 
upon the validation of the system, expert system provides 
reliable predictions of project duration. Consequently, the 
progress-based expert system presented in this paper is 
helpful in assisting project managers to support more effi-
cient management strategies for project progress deviated 
from the plan. 

 
 (1) Inference Engine 

Because it is difficult to perfectly estimate the uncer-
tainty on completion date at the start, project managers 
consider the possibility or likelihood that an unexpected 
delay is occurred during the execution. However, there is 
no uncertainty as a project is entirely completed due to the 
decreases of the uncertainty associated with completion 

date resulted from the increasing progress information. 
Bayesian approach illustrated in this section is a core 
method to construct the Inference Engine of the proposed 
expert system. This method appropriately describes a 
common fact that more available information reduces con-
tinuously an uncertainty until the completion of an ongo-
ing project (Ramgopal, 2003). In this paper, project pro-
gress growth curve is shown by one of S-shaped curves 
(Logistic, Gompertz, and Reverse-Gompertz functions), 
which has been widely used for technological growth fore-
casts during a short-term period (Franses, 1994; Meade, 
1985). The progress-based expert system is an extensive 
model on the basis of the IFM introduced in earlier papers 
by the authors (Yoo and Hadipriono, 2007). They have 
employed noninformative prior distribution for parameters 
in developing the S-shaped function. However, the author 
in this paper extends to the applications of other prior in-
formation (informative prior and subjective judgments) of 
parameters, and focuses on building an expert system. The 
numerical data of a construction project is used to illustrate 
system’s efficiency and capability. This system enables 
project managers to analyze time variation at completion 
date during the execution and to approximately quantify its 
magnitude. The below equations provides three types of 
mathematical functions of S-shaped growth curves to rep-
resent a construction project progress. 

 

a. Logistic function: bteaStBCWP −×+= 1/)(  

b. Gompertz function: 
bteaeStBCWP

−×−×=)(  

c. Reverse-Gompertz function: )1()(
bteaeStBCWP ×−−×=  

 
Depended upon the first derivative rate of three func-

tions, the Logistic function shows a symmetric rate distri-
bution. However, the Gompertz and Reverse-Gompertz 
functions present a skewed rate distribution to the right or 
left side, respectively. In the above equations, the “a” is a 
shift parameter, and the “b” parameter controls the slope of 
the growth curve, which represents the amount of the re-
source allocated. “S” is an upper asymptote of the BCWS 
plan. The primary effort of Inference Engine is not to make 
a perfect forecast but to create an approximate prediction 
of project completion date through the updating process of 
the planned progress. If the prediction is properly esti-
mated at the early stages of project execution, project 
managers can effectively deal with the variation of devia-
tions of the BCWP from the BCWS plan. Prior to re-
estimating completion date and assessing current progress 
performance, it is necessary to linearize the S-shaped 
curves by performing some mathematical manipulations 
with the natural logarithms to seek the best-fitted curve of 
the BCWS plan. Such a curve is employed to generate the 
reliable forecast and to re-produce the possible growth 
curve. The linearization process has been manipulated in 
the earlier paper, and the values of parameters are obtained 
from the fitted linear line. The minimum sum of the 
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squares of the deviations (SSD) is used as an indicator to 
determine the best-fitted curve. The prior distributions of 
parameters in the best-fitted function are determined by 
project managers’ degree of belief in the various potential 
outcomes. Prior information of parameters is represented 
by noninformative prior, informative prior, or subjective 
judgment with manually entered value. Their three types 
are plotted in Figure 2, and the results from the application 
are analyzed and compared in the later. 

 
 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 2. Types of prior information of parameters (a and b); 
noninformative (a), informative (b), and subjective judgment (c) 

In selecting prior information of parameters, if project 
managers have no preference about the estimated parame-
ter-values, prior information is defined as noninformative 
prior. On the other hands, as there is available information 
associated with parameters from experience and historical 
data, informative prior is appropriate. Particularly, when 
project managers have vague belief for those values, the 
belief is represented with manually scaled value under the 
considerations of the potential outcomes. Noninformative 
prior is commonly presented with uniform probability dis-
tribution, and informative prior is frequently shown with 
normal probability distribution in the application. This 
paper employs informative prior distribution for operating 
the proposed expert system. However, the results from 
noninformative prior and manually scaled subjective 
judgments are compared. 
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……………………………………………………...Eq. (1) 

In the Eq.(1), the likelihood that the BCWP(t) is ob-
served is P{BCWP(t) | a=ai and b=bj}, given that the “a” 
and “b” values are ai and bj, respectively. From a reported 
progress data, a posterior distribution of parameters is de-
rived with this likelihood and prior distribution. The theo-
retical demonstration of the inference introduced in this 
paper has been provided by Yoo and Hadipriono (2007). 
 
(2) Prior knowledge and informed data 

Project managers attempt to seek a quantitative indicator 
to provide them an assessment of project performance. For 
such a purpose, they use information generated by the pro-
ject itself and monitor current progress. Before developing 
a project, project managers estimate an expected comple-
tion date from historical database or information from past 
similar projects. Hence, they obtain the BCWS plan and 
the reported BCWP data at a time period. This prior 
knowledge and informed data are employed to analyze 
current progress performance and to predict the expected 
completion date keeping a desired confidence level. In the 
proposed system, the Inference Engine combines prior 
knowledge and actual informed data, such that the expert 
system dynamically updates the prediction over time. The 
following section describes how prior knowledge and in-
formed data are applied for operating expert system and 
presents how approximately project delay is evaluated. 
 
 (3) Case study 

For the sake of illustration, a building project was used 
to explain the efficiency of the proposed expert system. 
The budgeted at completion (BAC) was $32,315,789. The 
project was scheduled to complete in 16 months; however, 
this was actually executed in 17 months. It indicates that 
the project was delayed about 1 month. Table 1 shows the 
BCWS plan and the BCWP data at each time period, t. The 
BCWS plan is denoted as a prior data and the BCWP is 
used as an informed data to operate the system. 

 
Table 1. Comparison between BCWS plan and BCWP data of an applied 

construction project 

 
 
As seen in Figure 3, the planned progress is plotted by 
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entering the BCWS plan, and system operation instructions 
are provided. In determining the best-fitted growth curve 
to the BCWS plan, the Inference Engine employs regres-
sion analysis. Since linearizing each S-shaped curve, the 
goodness-fit is examined and the best-fitted curve is se-
lected by the S-shaped function with the minimum SSD. 
 
 

 

Figure 3. Planned project development and operation instruction 

 
Figure 4 presents the comparison between the BCWS 

plan and the fitted curves obtained from regression tech-
nique. In case of the applied construction project, the Lo-
gistic function is determined as the best fitted growth 
curve, and also, parameter-values are computed by expert 
system (a= 40.85 and b=0.459). As presented in Figure 4, 
this system provides the mathematical equation of the best-
fitted curve (Logistic function). 

  
 

 

Figure 4. Determination of the best-fitted growth curve to the BCWS plan 

As revealed in Figures 3 and 4, project managers obtain 
the maximum information generated by the project itself to 
satisfactorily predict completion date and assess project 
delay. Planned values of the BCWS are quantitative indi-
cators to evaluate the current progress. An informed data, 
which is defined as a BCWP data, is employed to analyze 
the behavior of the uncertainty on the expected completion 
date at a desired confidence level. Figure 5 shows the 
process to enter an actual BCWP data at each time period, 
and this figure provides the options for project managers to 
select prior information of parameters (a and b) computed 
in the previous process. As an illustration, informative 
prior is applied. However, in the same manner, other two 
types of prior information are analyzed. Since reporting 
the BCWP data, the progress-based expert system com-
bines prior information and actual informed data, such that 
the system updates the planned progress and probability 
distribution (risk function) on the expected completion 
date. 
 
 

 
Figure 5. Reported progress data (BCWP data) during 2 Periods (months) 

 
For instance, the system was operated with the BCWP 

data ($307,000 and $1,235,368, respectively, in 1st Period 
and 2nd Period) during 2 Periods. Figure 6 presents the 
modified 3-D plot of the selected prior relationship be-
tween parameters. As provided in Figure 7, informative 
prior distributions of parameters were updated, and conse-
quently, the project progress and risk function (or probabil-
ity distribution) on completion date were re-estimated, 
based on two reported data during 2 Periods. Since 2 Peri-
ods (months), the re-predicted project duration is about 
16.24 months. The probability that the project is completed 
within the original schedule has decreased to about 
37.45%, and the width of probability distribution was nar-
rower. This is because the past progress was behind sched-
ule and more information was available. For evaluating the 
forecasts at the early stages, project delay is quantitatively 
assessed during 6 months, which is defined as the period 
of 30% completion of whole execution. 



Wi Sung Yoo 46

 

 
Figure 6. Updated 3-D plot between parameters (“a” and “b”) 

 

 
Figure 7. Forecasts of project progress and probability distribution on 

completion date during 2 Periods 

  
Since the project was executed during 6 Periods, the 
BCWP data was entered to expert system, and the BCWS 
plan and reported data were plotted, indicating that the 
project was still behind schedule as presented in Figure 8. 

 
 

 
Figure 8. Reported progress data (BCWP data) during 6 Periods (30% 

completion) 

Figure 9 shows the modifications of prior distribution of 
parameters and the forecasts of the project progress and 
risk function. The system presents that this project was 
continuously delayed and indicates that it is difficult for 
the project to be completed within the planned schedule. 
Figure 10 gives the posterior probability distributions of 
parameters. These distributions become more specific 
when the progress data is reported. This points out that the 
uncertainty related to each parameter is decreasing due to 
increasing information, and appropriately reflects the fun-
damental principle of Bayesian approach. Modifications of 
progress growth and changes of risk functions on comple-
tion date are tracked during 6 Periods and also shown in 
Figure 10. 

 

 
Figure 9. Forecasts of project progress and probability distribution on 

completion date during 6 Periods (30% completion) 

 

 
Figure 10. Behavior of the forecasts of prior distribution of parameters, 

project progress, and risk function 

 
The initial risk function moved to the right direction, 

however, its width becomes narrow corresponding to more 
reported data. Project managers compute and quantify the 
likelihood that the project is completed within schedule 
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and any specific date. 
 

Table 2. Quantitative assessments of project delay during the early stages 
of project execution 

 
 
 
Table 2 shows the changes of its magnitude during 30% 

completion according to prior information of parameters (a 
and b). The quantitative changes are efficient information 
to assess project delay. As provided in Table 2, the prob-
ability resulted from informative prior at 1 Period slightly 
decrease from 50% to 39.93%; however, since 2 Periods, 
this greatly decreases as a project progresses. The results 
from other prior information behave similarly with a dif-
ferent quantity. 

 
 

5. CONCLUSIONS 
 
This paper proposes a progress-based expert system for 

predicting completion date and assessing project delay, 
based upon the planned development information and re-
ported progress data. The Inference Engine as a core part 
of the system is constructed on Bayesian approach and 
three types of growth curves, and this generates the modi-
fications of the initial project growth curve and risk func-
tion (probability distribution) on the forecasted duration. 
The efforts for collecting the BCWS plan and BCWP data 
is cost-effective because the former is obtained by the re-
source-allocation scheme associated with the initial pro-
gress plan and the latter is reported periodically during the 
execution. Furthermore, information resulted from operat-
ing the proposed system provides sufficiently valuable 
outcomes, such as the potential of project delay and its 
quantitative magnitude, and it assists to building effective 
management strategies against them. For demonstrating 
the effectiveness of the proposed system, the forecasts at 
the early stages has been produced during about 30% 
completion (6 Periods of the 16-months schedule), and 
they are compared to the actual progress and duration of 
the applied project. The results have showed how quantita-
tively the early progress causes the project to be delayed 
and that these forecasts are approximately similar to the 
actual duration. The system operation consistently creates 
the forecasts, and accordingly, expert system possesses the 
potential to be used as an early warning tool. Furthermore, 
this system provides project managers with quantitative 
indicators for helping them make an efficient management 
action for achieving a project on time. 

This paper focused on the development and application 
of a progress-based expert system to assess project delay. 

In modeling the prototype of the system, the process of 
determining the best-fitted growth curve to the BCWS plan 
was described, and the mathematical function for updating 
the fitted curve was addressed with the use of the planned 
knowledge (BCWS plan) and available information 
(BCWP data). The proposed system was tested by a multi-
story building project and furnished project managers a 
series of options on the screen in the form of the knowl-
edged-based information. As a result, a few advantages of 
expert system developed in this paper are summarized as 
follows. 

 
• Ability to handle subjective beliefs and to deal 

with unexpected inputs, considering the uncertain 
possibility as an expert system copes with in-
formed data; 

• Unlike the deterministic statistical approaches, 
the system possesses the capability to predict 
completion date and to quantitatively assessing 
project delay from reported progress information 
of an ongoing project; 

• Capability to monitor the changes of the uncer-
tainty of incomplete project execution and the 
impacts of current performance on the forecasts; 

• To supplement project managers’ knowledge to 
make strategic decisions for successful project 
achievement on time with an early warning indi-
cator. 

 
Most of information-based expert systems operate 

through users’ supplying knowledge and actual informa-
tion to the system and they return professional decision 
assistants. The expert system presented in this paper is a 
prototype model, and this needs to be elaborated further. 
The achievements provided by this system can be used as a 
quantitative indicator for assessing the potential of project 
delay. However, one vital area of future research is of sig-
nificance to the practitioner for possible employment in 
construction industry. That is to substantially refine and 
improve this prototype model for the use as one of deci-
sion-making programs. 
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