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Abstract: Program management is the structured and strategic process of managing multiple projects
at a high level to maximize benefits. The essentials of programs include high costs and long
implementation periods, and thus, the negative impacts caused by the failure of program management
are more significant and greater than that of a project. Therefore, to achieve high program performance,
it is essential for program management to be well defined during the early stages. However,
the existing research is mainly focused on the performance prediction methodologies for projects, while
the research pertaining to programs has concentrated on identifying the qualitative critical success
factors (CSFs). Thus, this study developed a methodology for predicting the program performance.
Forty-five CSFs were identified herein from literature review and expert interviews, then grouped
through factor analysis. In addition, the Program Definition Rating Index (PgDRI) was developed
by calculating the weights of the proposed CSFs through structured equation modeling in order
to evaluate the quantitative program performance. For validation, the PgDRI was applied to three
in-progress cases, and the PgDRI scores were compared with the actual performance of each case.
The PgDRI developed in this study can contribute to the body of knowledge pertaining to program
management by quantifying the performance management of a program. In addition, the PgDRI
can be utilized in the performance management of a program in terms of the cost and schedule by
allowing practitioners to apply the PgDRI repeatedly to the major decision-making processes during
the early stages of a program.

Keywords: construction program; program management; Program Definition Rating Index (PgDRI);
critical success factors (CSFs); performance prediction

1. Introduction

A program can be defined as a group of related projects under integrated management. Moreover,
program management is the structured and strategic process of performing multiple projects to
achieve the strategic benefits of the overall program [1-4]. Compared to a project, a program has
the characteristics of larger size, higher complexity, longer duration, and greater costs. Additionally,
the negative impact caused by the failure of a program is greater than that of a project. In practice,
construction programs that have been performed in both the public and private sectors have incurred
significant increases in cost overrun and schedule delays when compared to the original plan [5-7].
Therefore, program management has become a necessary new method for achieving program success.
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Meanwhile, successful projects require plans that are established in the early stages. According to
the Project Management Institute (PMI, 2013), project plans that are well defined during the early
stages can achieve greater effects when compared with the input costs. In this regard, many studies
have been conducted pertaining to project planning in the early stages with the use of critical success
factors (CSFs) from the perspective of project management [8-15]. The project definition rating
index (PDRI), which was developed by Construction Industry Institute (CII), was applied to project
performance management by assigning weights to the CSFs that were derived from the project
viewpoint. The research results of CII demonstrated a causal relationship between the definition of a
project during its early stages and the overall success of the project.

However, as previously mentioned, a program is more complex and larger in scale than a project.
Therefore, the definition of a program during the early stages is more important than the early
definition of a project, and the effects of successful management are greater in a program. In response,
several studies have attempted to identify the CSFs from the perspective of a program [16-24].
Despite the significant achievements of such previous studies, there are limitations to the applications
of the CSFs in the performance management of a program because the identified CSFs are qualitative.
Even though CSFs are expressed as a qualitative statement, they have to be measurable to support
decision making [25].

Therefore, this study aims to develop a methodology that defines a construction program and
predicts the performance of the program based on quantitative evaluations. This study sought to
identify the CSFs for programs based on analyses of previous studies and expert interviews, and to
group CSFs through factor analysis. In addition, this study developed the Program Definition Rating
Index (PgDRI) by weighting the proposed CSFs using structure equation modeling.

2. Literature Review

2.1. Program Management

Generally, the existing practical and theoretical research on project management has been
performed with respect to a single project [26,27]. However, despite an increase in the number
of highly complex, large-scale programs, the existing single project framework has been applied to
cases of programs. This can lead to technical problems, such as cost overruns, schedule delays, claims,
organization conflicts [5], and other general problems, which are caused by the lack of ability to
effectively and efficiently control and manage a large organization [24]. Additionally, the management
of individual projects may lead to the lack of benefits compared to managing the projects together
as an overall program [27]. For these reasons, the concept of program management has emerged,
which provides a means of achieving the benefits that were otherwise not attainable and resolves the
problems that arise when a program is managed as individual projects [24,27,28].

Programs have been referred to under several different names, such as multi projects,
portfolio projects, macro projects, large projects, and complex changes [27]. However, confusion exists
in the industry due to the unclear definitions of the program and program management [23].
Therefore, several efforts have been made to define program management [24,26,27,29], distinguish it
from project management, and disseminate it to the industry from practical and theoretical
aspects [1-3,7,19,21,23-25,28-36].

Program management is designed to generate coordination and control at a program level in order
to gain strategic benefits and to efficiently manage multiple projects with a purpose [1-3,24,25,27,33].
Program management includes not only an aggregation of the project management activities, but also
a high level of guidance and assistance to manage various factors, such as risks and opportunities,
that can occur during the execution of several projects [25,33].

Project management and program management have some similar characteristics, but they also
have several differences. Projects and programs require the integrated management of budgets,
estimates, schedules, procurement, supervision, and design and construction processes [30]. However,
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the concept of a program is greater in terms of the business scale, complexity, scope, management
range, decision-making processes, and simultaneous progression of activities; additionally, the level
of recognition for a program differs from that of a project [30]. Therefore, compared to project
management, program management is a more advanced concept [24] that includes the overall project
promotion and comprehensive management of multiple projects [2].

2.2. Performance Prediction with the CSFs

The success of a project is very closely related to accurate performance predictions [37]. Thus,
many researchers have conducted research regarding performance prediction. Rubin and Seelig
investigated the success and failure factors required to successfully accomplish a project [15],
and Rockart first used CSFs from a project management perspective [10]. Since then, CSFs have
been utilized as a means of predicting performance in various fields, such as information systems,
industrial systems, process engineering, and business development [17].

In addition, many efforts have been undertaken to predict the performance of a project using CSFs
in the construction industry. To achieve success for construction projects, Sanvido et al. identified 41
CSFs, classified them into nine categories, and applied them to 16 projects for validation [9]. Pheng and
Chuan analyzed the success of a project according to environmental factors and the project manager’s
work performance [37]. Shi et al. identified 29 CSFs for Public Private Partnership infrastructure
projects. Then, they conducted a structure equation modeling (SEM) analysis through questionnaire
surveys, classified the CSFs into five categories, and defined the relationships among the CSFs [38].
Hwang et al. identified a total of 30 CSFs through a literature review, and proposed a prioritization
order after conducting interviews with 40 experts for the Singapore Green Business Parks project [8].
The PDRI that was developed by CII is one of the most demonstrative study achievements using
CSFs [12-14,39]. While previous studies were limited to the assignment of priorities among the
CSFs, the PDRI provides weights for each CSF and checks the levels of the definitions to predict the
performance with a weighted score that ranges from 0 to 1000 points [12-14,39]. A lower point total
indicates better project performance. The PDRI recommends that the performance score be less than
200 points [12-14,39].

Research has also been conducted regarding the use of CSFs for predicting the performance
of programs in the construction sector. Toor and Ogunlana investigated the CSFs for large-scale
construction projects. Through previous studies, 29 CSFs were generated, and based on the results
of a survey, the CSF rankings were suggested [17]. Yu and Kwon analyzed the CSFs of South Korea
urban regeneration projects. The Delphi technique was used to identify 10 factors. Then, the project
was divided into four stages, and a t-test was applied to propose the priority items for each stage [18].
Ejaz et al. identified 26 CSFs that can be applied to a Pakistan mega construction project and derived
the priority of the CSFs through the use of a frequency analysis [11].

Although these studies have greatly contributed to the performance prediction of construction
programs, a lack of consideration remains regarding the quantitative assessment of the CSFs. The PDRI
that was developed by CII proposed a performance prediction method that quantitatively evaluates
CSFs; however, because the PDRI targets a project, the application of the PDRI to a program poses
limitations. Therefore, it is necessary to develop an index that can identify the CSFs for construction
programs and quantitatively and accurately evaluate them.

3. Research Framework

This study assumed that the performance of a program can be predicted by the scores from
measurable CSFs. This chapter describes the framework of the PgDRI for the performance prediction
of a construction program, as shown in Figure 1. The development of the PgDRI was divided into
two stages. The first stage involved identifying and grouping CSFs for the construction programs.
To identify CSFs, previous studies in terms of construction programs were analyzed, and the CSFs
were modified and supplemented through expert interviews. To group the derived CSFs, an evaluation
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based on a five-point Likert scale was conducted through questionnaires. Factor analysis was then
applied to group the CSFs. The second stage developed a rating method for the CSFs. As the CSFs
developed in the previous stage were qualitative, a quantitative evaluation was performed by assigning
weights to each CSF. SEM was the applied weighting method, as it considers the correlations between
factors. The developed PgDRI was then applied to three ongoing construction programs for validation.

Research Framework for PgDRI

First. Identification of CSFs for Construction Programs Second. Development of PgDRI
Identification of CSFs I Structural Equation Modeling for CSFs Weights |
Literature Review : Review of previous research SEM : Creating a SEM for Program Definition
related to the program CSFs Index using AMOS Ver.24
I I
Expert Interview : Complements and modify Model Verification : Model fit measures
CSFs through expertinterviews provided by AMOS Ver.24
Questionnaire Survey > Weighting for PgDRI
Questionnaire Survey : To survey the importance Weights for Definition Level 5 and 1: Cal culation
of the CSFs by Likert scal e of 5 points of weight bas ed on the resul ts of SEM
|
* Weights for Definition Level 2,3 and 4 :
Grouping CSFs Calculation of weight using linear interpolation
Factor A nalysis : Factor Analysis is carried out ¢
based on the survey resullls Developed PgDRI
Gmupl_ng CSFs : Based on the results of Factor PgDRI Validation
Analysis

Figure 1. Research framework.

4. Development of CSFs for the Construction Programs

4.1. Identification of the Program CSFs

The purpose of this study was to enable the definition of a program and the prediction of its
performance. In previous studies, the CSFs were developed to predict the performance of a project,
and thus, they could have limitations when used to define a larger-scale program. Therefore, there is a
need to identify the CSFs for a program.

Studies that used keyword terms with a similar meaning to “program” (i.e., megaprojects,
large scale projects, complexity projects, etc.) were analyzed to identify the program CSFs. A total
of 43 CSFs were identified after excluding the overlapping items. Next, three experts who have
previously participated in construction programs were interviewed to complement the identified CSFs
and increase their reliability. One owner and two program managers were selected as the experts.
The owner had participated in more than three programs within 25 years, and the two program
managers had more than 20 years of experience and program management professional certifications.
The expert interviews were conducted individually, where each CSF was explained in detail and then
modified and complemented during the process. The existing 43 CSFs were examined. The terms for
nine CSFs were revised by reflecting the expert opinions, and two CSFs were added to the list. Table 1
shows the 45 proposed CSFs based on the literature review and expert interviews.
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Table 1. 45 CSFs for Construction Program Management.

50f18

No. Critical Success Factors (CSFs) References No. Critical Success Factors (CSFs) References
CSF-1 Program Vision and Goal [2,3,11,14,17-21,31,40] CSF-24 Program Work Breakdown Structure [2,31]
CSE-2 High-Level Program Business Case [14,17,25,31,40], E ! CSF-25 Site Information [2,3,19-21,25,31]
CSF-3 Organization Strategy [2,3,14,17,18,21,25,31,40] CSF-26 Program Value Evaluation [2,3]
CSF-4 Program Plan and Roadmap [2,3,11,14,19-21,25,31,40] CSE-27 Scope of Program (or Subproject) Overview [2,3,18,25,31]
CSF-5 Define Expected Benefit [2,3,14,19,25,31,40] CSF-28 Operating PgMIS 2 [17,20,21,31], E
CSF-6 Feasibility Studies [2,3,14,31,40], E CSE-29 Financial Management [2,19,20,31]
CSF-7 Environmental Assessment [2,3,14,31,40], E CSF-30 Operation of Governance System [2,25,31]
CSF-8 Reliability Philosophy [14,17,40] CSF-31 Stakeholder Engagement [2,11,31]
CSF-9 Program Success Philosophy [11,14,40] CSF-32 Resource Management [17,18,20]
CSF-10 Maintenance Philosophy [2,3,11,14,17,19,21,25,31,40] CSEF-33 Value Engineering Process [14,31]
CSF-11 Operating Philosophy [2,3,11,14,19,21,25,31,40] CSF-34 Program /Project Design Parameters [2,17,20,25]
CSF-12 Design Philosophy [14,20,40] CSF-35 Project Control [2,25]
CSF-13 Each Sub Program (or Project) Programming [3,11,14,17,21,25,31,40] CSF-36 Contract Management [2,3,11,18,25,31]
CSF-14 Program Schedule Estimate [14,25,40] CSE-37 Change Management [3,25]
CSF-15 Program Budget Estimate [2,3,14,17,21,25,40] CSF-38 Risk Management 2]
CSF-16 Program Charter [2,14,17,25,40], E CSF-39 Procurement and Supply Chain Management [25]
CSE-17 Change Control System [14,40] CSF-40 Deliverable for Design [2,3,17,25], E
CSF-18 Organization Alignment [14,25,40] CSF-41 Deliverable for Program [2,3,17,20,21,25], E
CSF-19 Program Governance [2,3,14,21,25,31,40] CSF-42 Turnover [2,3,17,20,21,25,31], E
CSE-20 Program Infrastructure and Resource [2,3,17,18,20,25,31] CSF-43 Commissioning and Start-up E
CSF-21 Key Program Risk Issues [2] CSF-44 Evaluates the Actual Benefits E
CSF-22 Program Management Tool and Techniques [19,31] CSF-45 Program(or Sub Program, Project) Closure [2,3,11,17-19,25,31], E
CSF-23 Program and Project Delivery Method [2,3,25]

1 E: Expert Interview; 2 PgMIS: Program management information system.
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4.2. Grouping the CSFs Using Factor Analysis

The CSFs identified in this study could be applied from the beginning to the end of a program.
In addition, the PgDRI developed herein was created to ensure its continuous application during the
course of the program, and thus, the PgDRI is capable of predicting the performance of the entire
program. Therefore, the CSFs were grouped based on the life cycle of programs. Several studies have
defined different program life cycles, which vary across the different studies (see Table 2).

Table 2. Program Life Cycle Comparison (Modification of Thiry’s (2010) Research).

This Research PMI (2013) OGC (2011) PMA]J (2005) Thiry (2004)

Identifying Programme Define Program Formulation

Acquire Common View (Program

Program Planning Program Definition Mission and Value)

Defining Programme Understand Common View (Program Organization

Community and Architecture)
P Benefits Deli Managing the Tranches Integration Management Deployment
Program Benefits rogram Benefits Delivery . s (Integrative management of Projects) ~
Execution (Monitoring and Control) Delivering the Capability 8 8 )

Realizing the Benefits Structured Value Assessment Appraisal

Program Turnover Program Closure Closing the Programme No identified closing phase Dissolution

and Closure

In this study, the life cycle of a program was defined and divided into three sections based on
the existing body of research. The first section is to plan the program, which includes the detailed
tasks of the philosophical perspective on the program execution and the program plan. The second
section is to execute the benefits of the program, and this section includes planning for benefits,
program execution, and program monitoring and control. The third section includes the program
closure and program satisfaction.

Forty-five CSFs were previously identified, which is a relatively large number of CSFs for
consideration. Therefore, to manage them, CSFs were grouped in accordance with their relevance
using factor analysis. The factor analysis can find the relationships among mutually related variables,
understand these variables easily, and group them into common factors [41-43].

There are two different types of factor analysis: exploratory and confirmatory. Exploratory factor
analysis is a method used for finding the optimal combinations from unknown variables and is used
when the relationships between the variables are not precisely known [42,44]. However, depending
on the data, there are some cases in which similar factors are not grouped together [42]. On the
other hand, confirmatory factor analysis is a method designed to classify the relationships between
variables in advance, based on theoretical knowledge or experience, and to statistically verify the
relationship [38,42,45,46]. In this study, CSFs were separated into three sections of program life cycle
(see Table 2) with three experts who were introduced in Section 4.1. Thus, confirmatory factor analysis
was used to ensure that all similar factors would be grouped together.

To apply the factor analysis, the 45 CSFs were divided into three sections of the program life
cycle to generate a questionnaire survey regarding the importance of each CSF, and the survey
was then conducted. The subjects of the questionnaire survey included owners, project managers,
and program managers who had experience participating in construction programs. The survey was a
Google Web-based questionnaire with no time and place restrictions, and there were 38 respondents.
The 38 respondents were composed of owners (18.4%), program managers (44.7%), researchers (21.1%),
and general contractors (15.8%). In addition, working experience was 44.7% in 1-10 years, 47.4% in
11-20 years, and 7.9% in 20 years more. The evaluation method examined the importance of the CSFs
based on a five-point Likert scale; a score of five meant “very important,” and a score of one meant
“not important at all.”
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Based on the results of the survey, factor analysis was performed using the principle component
method. This is the most widely-used method for extracting factors and has superior stability and
reusability [42,46]. In addition, due to the large number of variables, difficulties arise when reducing
the number of variables to several possible factors. At this point, rotating the factor axis clearly grouped
the variables, and thus, varimax rotation, the most commonly used orthogonal method, was selected
for the factor rotation [42]. In the factor analysis, the Kaiser-Mayer-Olkin (KMO) test and Bartlett test of
sphericity were performed to determine whether significant correlations existed among the variables.
The KMO test is a method of determining whether certain variables and sample sizes are appropriate
for the factor analysis. If the value is 0.6 or higher, the variable or sample size can be considered
acceptable [44]. In this study, the KMO value was 0.766. In addition, the Bartlett test of sphericity
determines if the correlation coefficient matrix of the variables used in the factor analysis is a diagonal
matrix [42,46]. If the variables are not a diagonal matrix, it means that the variables are unsuitable
for the factor analysis [42]. In this study, the results were all significant at the 95% confidence level.
The results of the KMO test and Bartlett test of sphericity demonstrated that there were no problems
with using the factor analysis that was performed in this study. Table 3 shows a result of factor analysis
for Section I. In the same way, factor analysis was conducted for Sections II and III.

Table 3. Result of Factor Analysis for Section I (Program Planning).

Category Factors 1 2 3
CSF 13 0.935 0.091 0.144
CSF 15 0.909 0.053 0.033
CSF 14 0.900 0.149 0.069
Program Strategy CSF 19 0.840 0.131 0.153
CSF 17 0.781 0.138 0.141
CSF 16 0.759 —0.038 0.185
CSF 18 0.736 —0.003 0.167
CSF11 0.044 0.957 0.045
CSF 10 0.022 0.938 —0.004
Program Philosophy CSF 8 0.001 0.899 0.043
CSF9 0.077 0.798 0.017
CSF 12 0.377 0.707 0.002
CSF 6 0.049 —0.051 0.883
CSF1 0.209 0.097 0.751
CSF 4 0.305 —0.033 0.658
Program Plan CSF2 —0.002 0.128 0.649
CSF7 0.049 —0.051 0.601
CSF3 0.058 0.073 0.559
CSF5 0.136 —0.050 0.508

Based on the results of the factor analysis, 45 program CSFs were divided and grouped into
three sections and eight categories (see Table 4). The three sections included Program Planning,
Program Benefits Execution, and Program Turnover and Closure, based on the program life cycle.
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Table 4. CSFs grouped by Life Cycle of a Construction program.

Section [—Program Planning

Category A. Program Strategy Category C. Program Plan
A1 Program Vision and Goal C1 Each Sub Program(or Project) Programming
A2 High-Level Program Business Case C2 Program Schedule Estimate
A3 Organization Strategy C3 Program Budget Estimate
A4 Program Plan and Roadmap C4 Program Charter
A5 Define Expected Benefit C5 Change Control system
A6 Feasibility Studies C6 Organization Alignment
A7 Environmental Assessment C7 Program Governance

Category B. Program Philosophies
B1 Reliability Philosophy
B2 Program Success Philosophy
B3 Maintenance Philosophy
B4 Operating Philosophy

B5 Design Philosophy
Section II—Program Benefits Execution
Category D. Benefits Plan Category F. Program Monitoring and Control
D1 Program Infrastructure and Resource F1. Resource Management
D2 Key Program Risk Issues F2. Value Engineering Process
D3. Program Management Tool and Techniques F3. Program / Project Design Parameters
D4. Program and Project Delivery Method F4. Project Control
D5. Program Work Breakdown Structure F5. Contract Management
Dé6. Site Information F6. Change Management
D7. Program Value Evaluation F7. Risk Management
Category E. Program Execution F8. Procurement and Supply Chain Management

E1. Scope of Program (or Subproject) Overview
E2. Operating PgMIS

E3. Financial Management

E4. Operation of Governance System

E5. Stakeholder Engagement

Section III—Program Turnover and Closure

Category G. Program Closure Category H. Program Satisfaction
G1. Deliverables for Design H1. Commissioning and Start-up
G2. Deliverables for Program H2. Evaluates the Actual Benefits
G3. Turnover H3. Program(or Sub Program, Project) Closure

5. Development of the PgDRI

5.1. Weighting the Program CSFs Using SEM

The CSFs that were identified in chapter 4 consist of qualitative factors; however, quantitative
measures are required for performance management. Therefore, each CSF was weighted, and a
rating method was proposed. The CSFs proposed in this study have interrelationships and causal
relations between themselves. Thus, it is necessary to calculate the weights considering these causal
relationships. In this regard, this study sought to use SEM for identifying the relationships of each factor
and for testing the causal relationships and significance between the variables [42,45]. For example,
if the definition of each CSF is poor in each category corresponding to Section I, the definition
of CSFs defined in Section II may also produce insufficient results. If this condition continues,
insufficient results may also be generated in Section III. Therefore, in this study, SEM was applied
to investigate the interrelationships between the factors based on the results of the survey that was
previously performed. Figure 2 shows the SEM for program CSFs.
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a1 CSF1

CSF20 21
82 CSF2 CsF21 0
ed CSF2 CsF22 2.
D CSF4 cor :
= i CSF24 2
&6 CSFE CSF25 2
7 Program Benefits
e CSF7 Strategy o CSF26 2
a1 92
88 CSFe 1 1 CSsF27 2
&) CSF8 CSFz8 2
Program Program o b Program
i CSFi10 Philosophy Planning Benofis Execution csF29 2
xecutlo)
11, CSF11 CSF30 3
1 CSF12 &, CSF31 3
] gram
Program Monitoring and CSF32 3
1 CSF13 Plan rogram gontrol
7 CSFi4 Turnover and CSF33 3
Closure
1 CSF15 S nd 3
Program Program CSF35 3
. o Closure Stisfaction
1 CSF17 CSF36 3
7 3
1 CSF18 CSF3;

csran]| [csFa1] [csFez] |csFas] [csFaa] [csres CSF38 3

566 &6 6

Figure 2. SEM for Program CSFs.

The weights of the section, category, and factor were calculated using the standardized regression
weights that were obtained from the SEM and used to compare the relative importance of the
independent variables [42]. A total weight of 1000 points was established, and the weights of the
section, category, and factor were calculated by applying Equations (1)—(3).

First, the weight of the section was calculated, and the weights for the section were multiplied
by 1000, as shown in Equation (1). For example, the standardized section regression of Section I (i.e.,
Program Planning) is 0.475, and the section weight of 475 points was calculated by multiplying by 1000.

Section Weight = Standardized Section Regression x 1000 (1)

Second, the weight of the category was calculated. Each section weight deduced from Equation (1)
was multiplied by the category standardized regression, as shown in Equation (2). For example,
a weight of the program strategy was multiplied by the weight of the program planning. This resulted
in the weight of 0.54 and was calculated to be 255 points.

Category Weight = Standardized Category Regression x Section Weight )

Lastly, the weight of the factor was calculated. First, since the category sub-total of factor
standardized regression obtained from SEM was not 1.0, factor standardized regression of each CSF
was normalized by category. Then each category weight was multiplied by the normalized regression
of the factors belonging to the corresponding category, as shown in Equation (3).

Factor Weight = Normalized Factor Regression x Category Weight (©)]

Table 5 shows the weights of the section, category, and factor in this study.
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Table 5. The Weights of the Section, Category, and Factor.

Standardized . Standardized Standardized Normalized
Section Section Section Catego Catego Category  Factor Factor Factor Factor
! Weight sory 8%TY  Weight  Code : : Weight
Regression Regression Regression Regression
Al 0.784 0.149 38
A2 0.824 0.156 40
A3 0.645 0.122 31
A. Program A4 0.841 0.159 41
Strategy 0.54 255 A5 0.622 0.118 30
A6 0.584 0.111 28
A7 0.976 0.185 47
%o Sub Total 1.0 255
E B1 0.953 0.209 10
= B2 0.871 0.191 9
£ 0.475 475 B. Program 010 o B3 0.902 0.198 9
© Philosophy ) B4 0.878 0.193 9
g B5 0.952 0.209 10
Ay
— Sub Total 1.0 47
C1 0.962 0.147 25
2 0.996 0.152 26
3 0.895 0.136 24
C4 0.942 0.144 25
C. Program Plan 0.36 173 C5 0.986 0.150 2
C6 0.795 0.121 21
c7 0.985 0.150 26
Sub Total 1.0 173
Sub Total 1.0 475 - - - 475
D1 0.709 0.133 21
D2 0.945 0.177 27
D3 0.893 0.167 26
) D4 0.840 0.158 24
D. Benefits Plan 0.41 155 D5 0.788 0.140 23
D6 0.473 0.089 14
- D7 0.683 0.128 20
=}
E Sub Total 1.0 155
|93
5 El 0.632 0.156 15
® E2 0.691 0.171 17
g E. Program E3 0.995 0.246 24
8 0.377 877 Execution 0.25 8 E4 0.928 0.225 23
£ E5 0.790 0.197 19
g Sub Total 1.0 98
o
& F1 0.478 0.078 10
= F2 0.538 0.088 1
F3 0.688 0.112 14
F. Program F4 0.867 0.141 17
Monitoring and 0.33 124 F5 0.837 0.137 17
Control F6 0.957 0.156 19
F7 0.987 0.161 20
F8 0.777 0.127 16
Sub Total 1.0 124
Sub Total 1.0 377 - - - 377
G1 0.484 0.216 24
o} G. Program G2 0.770 0.343 38
g Closure 075 1 G3 0.990 0.441 19
2 % Sub Total 1.0 111
£s 0.148 148 H1 0.570 0.294 1
50 g H. Program H2 0.988 0.510 19
R . 5 0.25 37
&< Satisfaction H3 0.380 0.196 7
E Sub Total 1.0 37
Sub Total 1.0 148 - - - 148
Total 1.0 1000 - 3.0 1000 - - - 1000
5.2. P¢gDRI

The weights of the section, category, and factor were calculated using the deduced standardized
regression weights. The PgDRI developed in this study determines the performance based on
evaluation levels 0-5. Level 0 represents the not applicable (N/A) condition; level 1 represents
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a complete definition; level 2 represents minor deficiencies; level 3 represents some deficiencies; level 4
represents major deficiencies; level 5 represents an incomplete or poor definition.

A rating of 0 was assigned to level 0 and level 1, since level 0 represents the N/A condition and
level 1 represents the complete definition. The maximum rating deduced through SEM was assigned
to level 5 (see Table 5). For a rating of level 24, the linear interpolation method that can easily estimate
the interval value is applied by using the level 5 and 1 rating. The ratings for levels 2, 3, and 4 were
calculated using the level 5 and level 1 ratings, as shown in Equations (4)—(6).

Level 5 Rating 1

Level 2 Rating = 1 4
Level 3 Rating = w x 2 (5)
Level 4 Rating = % X3 6)

The PgDRI was determined by calculating the total ratings of each CSF corresponding to levels
1-5. As shown in Table 6, the PgDRI evaluates the level of program definition that is currently
implemented by the user (e.g., owner, program manager, project manager, contractor, etc.), and the
PgDRI exhibits the ratings of the CSFs, which are summed. In addition to presenting all of the added
ratings, the PgDRI identifies the CSFs that have a poor definition in the current program and establishes
follow-up measures for the CSFs that lack complete definitions. Therefore, the PgDRI presented in
this study produces a lower score with an improved program definition, and thus, a lower PgDRI is
desirable. For example, if the definitions of all of the CSFs correspond to level 5 (incomplete or poor
definition), the score will be 1000. The evaluation of the PgDRI is expected to increase the likelihood of
success for the project performance during the major decision-making phase because the PgDRI could
help CSFs with poor definition to be modified and complemented.

Table 6. Developed PgDRI.

. Category Factor Definition Level .
Sect Catego A Rat 1
ecton sy Weight Code  N/A 1 2 3 4 5 e

Al - 0 10 19 29 38

A2 - 0 10 20 30 40

A3 - 0 8 16 23 31

A. Program Strategy 255 ig B 8 180 ﬂ ;:15 é(l)

A6 - 0 7 14 21 28

A7 - 0 12 24 35 47

,§ Category Total - 0 65 129 192 255
E Bl -0 3 5 8 10
E) B2 - 0 2 5 7 9
. 47 B3 - 0 2 5 7 9
g B. Program Philosophy B4 ) 0 ” 5 7 9
0 B5 - 0 3 5 8 10

]

= Category Total -0 12 25 37 47
C1 - 0 6 13 19 25

C2 - 0 7 13 20 26

C3 - 0 6 12 18 24

C. Program Plan 173 gg : 8 ? 1; ;(9) ;2

Cé6 - 0 5 11 16 21

c7 - 0 7 13 20 26

Category Total - 0 44 88 132 173

Section I Total 475 - 0 121 242 361 475
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Table 6. Cont.

Category Factor Definition Level .
Section Category R Rating !
Weight Code  nN/A 1 2 3 4 5 8
D1 - 0 5 11 16 21
D2 - 0 7 14 20 27
D3 - 0 7 13 20 26
X 155 D4 - 0 6 12 18 24
D. Benefits Plan D5 B 0 6 12 17 23
De6 - 0 4 7 11 14
- D7 - 0 5 10 15 20
9]
g Category Total - 0 40 79 117 155
5 El - 0 4 8 11 15
@ E2 - 0 4 9 13 17
3 : 98 E3 - 0 6 12 18 24
é E. Program Execution 4 ] 0 6 12 17 23
= E5 - 0 5 10 14 19
§‘° Category Total - 0 25 51 73 98
& F1 - 0 3 5 8 10
= F2 - 0 3 6 8 11
F3 - 0 4 7 11 14
Lo F4 - 0 4 9 13 17
E Progrzn& M(:m{ormg 124 5 B 0 4 9 13 17
and t-ontro F6 -0 5 10 14 19
F7 - 0 5 10 15 20
F8 - 0 4 8 12 16
Category Total - 0 32 64 94 124
Section II Total 377 - 0 97 194 284 377
G1 - 0 6 12 18 24
5] 111 G2 - 0 10 19 29 38
é G. Program Closure G3 ] 0 12 25 37 19
e Category Total -0 28 56 84 111
£ H1 -0 3 6 8 11
e
Eo :% H. Program Satisfaction 37 gg : 8 g 140 154 179
E Category Total -0 10 20 27 37
Section III Total 148 - 0 38 76 111 148
PgDRI Total 1000 - 0 256 512 756 1000

! The Score column is filled by the user.

6. Validation of the PgDRI

6.1. Case Application

The PgDRI developed in this study was applied to actual in-progress cases for the validation.
The test cases included two public programs and one private program. The summary of cases are
shown in Table 7.

Table 7. Basic Information of the Test Cases.

Category Case 1 Case 2 Case 3
Program type Military facilities Military facilities Residential, Office, and Commercial Buildings
Sector Public Public Private
. 18 projects 15 projects 5 projects
No. of Project (97 Buildings) (157 Buildings) (3 Residential, 2 Office, and 1 Commercial Buildings)
Total Budget 2.2 Billion 2.6 Billion 1.3 Billion

Total Schedule 10 Years 13 Years 8 Years 8 months
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The owner and program managers of each test case were required to evaluate their respective
in-progress program using the PgDRI developed in this study. The PgDRI scores for each of the three
test cases were calculated based on the evaluation. As a means of comparison, the cost and schedule
growth rates of each program were analyzed using Equations (7) and (8). The cost and schedule
information was gathered regarding the initial plan and what is expected to be input throughout the
program. The performance of each test case was analyzed using the PgDRI score and the cost and
schedule growth rates.

@)

Cost Growth (%) = [( Actual Program Cost ) - 1] x 100

Initial Predicted Program Cost

where, Actual Program Cost = Actual input costs at the end of the program; and Initial Predicted
Program Cost = Planned costs during the program planning phase.

®)

Schedule Growth (%) = [( Actual Program Schedule ) - 1} x 100

Initial Predicted Program Schedule

where, Actual Program Schedule = Actual end date — Actual start date; and Initial Predicted Program
Schedule = Planned dates during the program planning phase.

6.2. Findings and Discussion

Table 8 shows the PgDRI scores and the performance of three test cases. Case 1 is a large program
that was initiated by the government; military facilities and agencies from various governments are
involved in the program. The program consists of 18 projects, the total cost is USD 2.2 billion, and the
rate of progress is approximately 80%. For Case 1, much time was spent on establishing the master
plan. Owing to the large number of stakeholders involved in the program, the completion of the initial
plan was delayed. The PgDRI scores were 440 (Section I, II, and III were 200, 165, and 75, respectively).
Additionally, the cost growth rate was approximately 37%, and the schedule growth rate was 20%.

Case 2 is composed of 15 projects, has a total project cost of approximately USD 2.6 billion, and
has a progress rate of approximately 70%. The PgDRI scores were 617 (Section I, II, and III were
275, 235, and 108, respectively), which is higher than the scores of Case 1. The cost growth rate was
approximately 30%, and the schedule growth rate was 36%.

Case 3 is the mixed-use development program led by the private sector and consists of residential,
office, and commercial buildings. The original plan was to invest USD 0.8 billion for five years
(2013-2018); however, complex challenges regarding the program feasibility, compensation for
migrants, and relevant licenses and permits were encountered. As a result, the final total cost of the
project is estimated to be approximately USD 1.3 billion, and the current progress rate is approximately
70%. The PgDRI scores were 702 (Section I, II, and III were 327, 262, and 113, respectively), the cost
growth rate was approximately 63%, and the schedule growth rate was 78%.

Table 8. PgDRI Score and Program Performance for the Cases.

Program Performance

Case Number PgDRI Scores Cost (Billion USD) Schedule (Month)
Estimated Actual Growth Rate (%)  Estimated Actual Growth Rate (%)
Case 1 557 1.6 2.2 37.50 100 120 20.00
Case 2 586 2 2.6 30.00 110 150 36.36
Case 3 702 0.8 1.3 62.50 70 107 52.86

The PgDRI scores and performance of each test case were analyzed in detail. Figure 3 shows the
CSFs evaluation result of each test case. In Case 1, Sections I-1II showed a score that was approximately
50% of the maximum weight. Therefore, there was a need to further analyze the CSFs. The result of
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Section I showed that A1 and A2 were both level 4. This was because the situations of the various
stakeholders were considered when establishing the master plan, which served as a constraint for
establishing one major objective. In addition, A7 was level 4 due to the project period delays that
were caused by conflicts with the local residents. These conflicts were due to the resident migrations
and specific characteristics of military facilities. In C2, C3 and C5 the schedule, budget estimate and
change control system were found to be level 4, suggesting that these factors led to cost overruns
and schedule delays. In Section II, D2, D4, D5, F6, and F7 were level 4 because the risks and changes
caused by the large amount of stakeholders and the huge business size were not previously identified.
For the construction progress and the PgMIS utilization of E2, efforts have also been made to enhance
the project performance due to the technology improvements of D2, F3, and F6. In Section III, G3 and
H1 were large issues. Due to the specific characteristics of the military facilities, the owner’s detailed
commissioning manual and turnover procedures led to unexpected claims and delays. In some cases,
this led to a turnover period increase of three years. In Case 1, approximately 20% of the project
remains. It is expected that improved results can be obtained by complementing the poorly defined
CSFs with the PgDRI developed in this study during the major decision-making phase.

There were various main CSFs that were poorly defined in Case 2. In Section I, A4 and B5 were
level 4 due to the lack of planning regarding the program roadmap and design. Similar to case 1, C2,
C3, and C5 the schedule and budget estimate were found to be level 4, suggesting that these factors led
to cost overruns and schedule delays. In Section II, an overall plan was not generated, and the program
scope was not identified leading to A4, D3, D5, E1, and E5. In particular, it was found that the poor
contract and financial definitions of E3 led to cost increases. Lastly, the situation of Section III for Case
2 was very similar to that of Case 1. Although the commissioning problem of G3 consistently occurred,
it was not recognized during the early stages. As a result, G1, G2, H1, and H3 were negatively affected,
resulting in cost increases and schedule delays.

In Case 3, much time was spent on establishing the plan. In Section I, most of the CSFs were found
to be poorly defined. Even though the program vision and goal, and program success philosophy
were relatively well defined, the final cost increased, and the schedule was delayed. The evaluation
results of Section I showed that not only the owner’s vision and goal, but also all CSFs were well
defined to improve performance. In Section II, D3, D4, D6 and E2 were found to be very poorly
defined. Furthermore, change and schedule management (F6 and F7, respectively) were very poorly
planned, which affected to the cost overruns and the schedule delays. Lastly, in Section III, most of the
definitions were found to be poor due to the characteristics of commercial and office buildings, which
require leasing and sales. In this regard, the owner responded that a countermeasure is currently being
devised to deal with this challenge.
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[’}
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OCasel 4 4 2 2 2 3 4 355553 442 442 3 43 4432333243323 3443334432
+Case2 3 3 3 4 4 4 4 4 4 4 4

4 3 3 3 3 5 5
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Figure 3. Result of CSF Evaluation for the Test Cases.
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With regard to the PgDRI proposed in this study, a lower score indicates a better program
definition, thus leading to a higher performance. Thus, to validate the applicability, PgDRI scores
were compared with the sum of cost and schedule growth rate (see Figure 4). Figure 4 shows that
the cases that have the higher PgDRI scores have a higher sum of growth rate. In case 1 and case 2,
the PgDRI scores and the sum of growth rate show a similar variation rate (a, b in Figure 4). In case 3,
the trend of variation is relatively similar to case 1 and case 2, while the rate of the sum of growth rate
showed higher than that of the PgDRI scores (c in Figure 4). This was a result of the increased number
of unexpected risks caused by the characteristics of the private construction program. Consequentially,
the test results show the applicability of PgDRI developed in this study. However, there is a limitation
in generalizing causality between PgDRI scores and performance prediction as this has applied to only
three cases. Accordingly, further research needs to be conducted to investigate causal relationship
through additional case applications.
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Figure 4. Comparison between PgDRI Scores and Performance of the Test Cases.

7. Conclusions

Generally, construction programs are configured in the form of multiple projects (or subprograms)
and have the characteristics of high complexity, large scale, long-term implementation period, and
higher expenses. Since construction programs are larger and longer in scale, cost and schedule
than single projects, the initial planning stages of programs are crucial to their success. Therefore,
to decrease the negative impacts on the costs, schedule, and change orders, the uncertainties should
be reduced through clear definitions of the goals, plans, and scope of the construction program
during the early stages. In this regard, this study developed the PgDRI, which is a methodology
for predicting the program performance. Several important elements were considered in this study.
Forty-five CSFs were identified by analyzing previous studies pertaining to program management, then
the CSFs were modified and complemented through expert interviews. For grouping the identified
CSFs, a questionnaire survey was conducted among practitioners and researchers from related fields.
Based on the survey results, the 45 CSFs were grouped into eight categories to perform the factor
analysis. Lastly, the eight categories were grouped into three sections based on the program life cycle.
Since the developed CSFs were qualitative variables, the weights for the 45 CSFs were calculated to
perform quantitative evaluations. SEM was used due to its ability to analyze complex interrelationships
by examining the causal relationship between the factors. Based on the SEM results, the weights were
calculated for the 45 CSFs, and the weights of the categories and sections were converted to a scale of
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1000 through the sum of the weights for each CSFE. Based on the results, the PgDRI, which reflects the
final values to which the weights were given, was developed in this study.

For validation, the developed PgDRI was applied to three in-progress construction programs,
and the PgDRI scores and the cost and schedule growth rates were analyzed. The results showed that
when the cost and schedule growth rates of the three cases increased significantly, the PgDRI scores
were also very high. In particular, when the CSFs with high weights were analyzed in detail for each
case, the CSFs with poor definitions were found to have negatively impacted the cost and schedule
growth rates.

The PgDRI developed in this study is expected to contribute to the body of knowledge on program
management by quantifying the performance management of a program. It can be utilized in the major
decision-making processes throughout the entire life cycle and can predict the program performance
during the early stages. In addition, since the PgDRI was developed in the form of a checklist, it can
be easily evaluated by its users. In particular, the PgDRI can contribute to further research as a
methodology for quantitatively analyzing the qualitative CSFs. Additionally, users can easily identify
the CSFs with poor definitions by using the PgDRI during the program execution. Moreover, the PgDRI
can contribute to the success of the program through the intensive management of the CSFs with
poor definitions.

Meanwhile, 38 samples were used for grouping and weighting CSFs in order to develop PgDR],
then the PgDRI was applied to three cases to examine its applicability. Therefore, to ensure the
objectivity of PgDRI, there is a need for further statistical analysis based on sufficient samples and
cases. To this end, the authors are conducting a follow-up study to obtain the appropriate baseline
scores for PgDRI through statistical analysis of program cases.

Author Contributions: Conceptualization, Y.C. and C.H.; Methodology, Y.C. and S.H.; Validation, Y.C. and ] K,;
Formal Analysis, Y.C.; Investigation, Y.C.; Data Curation, Y.C. and J.K.; Writing-Original Draft Preparation, Y.C.;
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